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I'maBa 1

l'onemugar ajgpounen Koqaaiigep LHC

Tasu raBa WMa 3a IeJ1 Jia HallpaBi KPATKO MPeJICTaBsiHe Ha YCKOPUTETHUST KOMILIEKC
B CERN, na onwuire ocnoBuute nmapamerpu Ha yckoputenas LHC, kakTo u ja npejicraBu
JIETEKTOPHATE KOMILIEKCH, PA3IOJIOKEHN Ha HErO U TeXHUTe (PU3HIECKHU IMPOIPAMH.

Tonemust agponen xomaiinep(LHC) [1], [2], [3], [4] B CERN e ¢BpbXupoBoggIn ycko-
pHUTEN Ha HACPEITHU CHOIIOBE OT YCKOPEHU MPOTOHU WJIH OJIOBHHU sijipa. Pa3noJiozkeH e moJy
3eMATa B TYHEJI C JIbJKHHA OT 27 km Ha MACTOTO Ha IIPEINTITHUST YCKOPUTE Ha, €JIEKTPO-
uu u nosutponu LEP. LHC e mpoekTupan ga ocbhblecTBaBa IPOTOH-ITPOTOHHHU COIBCBIH C
eHeprud B CHCTeMaTa Ha LeHT'bpa Ha MacuTe oT /s = 14 TeV u ceernmoct 103 cm=2s71,
HEOOXOIMMH 38 (PU3MYECKHATe U3C/IeIBAHHS, CBbP3aHH ¢ ThPCEHETO Ha PEIKH ChOWTHSI,
ykazanus 3a HoBa dusuka u3pbH Cranmapraust mogesa (CM), a cbio Taka TbpceHe n
n3ciaenapane Ha Xurc 0030Ha.

Ocnornara cxema Ha LHC BK/II0YBa 0ceM 1broBU U OCeM TPaBu CeKIuu. B yetupu ot
IpaBHUTe CEKIMH ca 060COOEHN MeCTaTa 3a IpecudaHe Ha CHOIIOBETe U OKOJIO TAX Ca U3Ipa-
JIeHH TeTeKTOPHHUTE CHCTeMH Ha YeTHPHUTe OCHOBHHU eKciepruMeHTa. OcTaHAJINTE YeTHPH
IpaBU CEKITUHU Ce U3MOI3BAT OT yeKopsBammuTe cucremu Ha LHC, konmvupamure cucremu,
cucTeMarTa 3a OTBEXKJaHe Ha oTpaboTeHHTe CHOIIOBE U JIPYTH TEXHUYECKH CEKTODH.

Excrnepuvmenture CMS (Compact Muon Solenoid) [5] u ATLAS (A Toroidal LHC
ApparatuS) [6] ca gerekTopHEH KOMILUTEKCH ¢ 0610 MpeaHA3HAYeHre. Te n3caeBaT mesms
KHHEeMaTH4YeH naranal3oH, nocrbiieH Ha LHC B Thpcene Ha yKa3aHHs 3a CHIIECTBYBAHETO
Ha CYIIepCUMETPHS, YKA3aHUs 33 JOIbIHATEHE H3MepeHusT, XUrc 6030Ha, Te2KKH BEKTOD-
Hu O6030HU, B3aUMOJIEHICTBUS Ha TEKKHUTE KBAPKHU M pejiuiia JApyru. JIBara ekcrepumenTa
nMaT CXOJHa CbI/I3I/ILIHa IporpaMa, HO H3IIOJ3BAT PA3JIUYHU JCTCKTOPDHH TEXHOJIOTHH 3a
HeftHara peanusanus. [Ipe3 2012r. ekcnepumenture CMS u ATLAS mokagBaxa 3a oT-
KPUTHE HAa HOBA YacTUIA ¢ Maca 125 GeV/CQ, 3a KOATO Ce CUHATa, Y€ € BJTO T'bPCEeHUs
Xurc 6ozon |7, 8. LHCb [9] (Large Hadron Collider Beauty) e crermanm3upan excie-
PUMEHT, B KOITO ce m3caeaBa (pusukara Ha b-kBapkute. EXciepuMeHTHT € HacOUYeH K'bM
Tbpcene Ha CP mapyIlieHus, pekn pa3naju u OIpPee/isiHe Ha eJeMeHTHTe HA MaTpPH-
nara Ha Kabubo-Kobasmu-MackaBa, cebp3aHu B ToJissMa CTeIleH C B3anMOIeHCTBHSITA
Ha b-kBapkure. OcBeH yckopsgBane Ha mporonnu caomnose, LHC yckopsiBa u cHomoBe oT
onoBHH siipa ¢ eneprus or 1150 TeV (2.76 TeV /nucleon). Excrnepumentsr ALICE (A
Large Ion Collider Experiment) [10] e onTnMusnpan 3a n3y4aBaHeTO Ha B3aUMOJIEHCTBH-
ara Ha TexKKH ionn. [Ipoextupan e 3a ceerumoct 10?7 cm 25~ dusnunara nporpama Ha
EKCIIEPUMEHTa € ChCPeJIOTOUeHa OCHOBHO BhPXY M3yYaBaHe HA KBAPK-TJIYOHHATA ILIa3Ma.
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OcBen yerupuTe rojemu ekcnepumenta, Ha LHC ca pasmnosioxkenu omre HAKOJIKO II0O-
MaJIKi ekcrepumenta. B 6amsoct 10 CMS e msrpagen ekcnepumentsr TOTEM [11],
KONTO MMa 32 MeJT Ja OIPeie/i MbJIHOTO CeYeHNe Ha MPOTOH-TPOTOHHUTE B3aAMMOIEHCT-
BHS, KATO M3CJIE/IBA €JACTUYHO PA3CEAHUTE HYACTHUIU NPU MAJKU bIJIU. KKCIepuMeHnTbT
UMa J[Ba TPEKOBU TeJECKOIa, KOUTO H3IO0JI3BAT KATOIHU CTPHUIIOBH KaMepH H JIETEKTO-
pu or tunia GEM (Gas Electron Multipliers). lerekTopure ca pasmnoo:KeHU HOYTH [0
TpbbaTa Ha cHOma. B momb/aHeHHe KbM TIX Ca WHCTAJUPAHH ITOIBHYKHU JIETEKTHPAIILH
CTAHIMH, KOUTO M3IOJI3BaT creruaj o paspadborenu 3a TOTEM cunuimesu gerekropu,
KOWUTO MOTAT Jia ce JABU:KaT B paMkuTe Ha +147 = +220 m oT HOMWHAJIHATA TOYKaA HAa
B3anmoeiicteue Ha CMS. B 6muzoct 1o ATLAS e pasmonoxken ekcuepumerTbr LHCE
(Large Hadron Collider forward) [12]. OcHoBHOTO MY TIpeHa3HAYEHUE € J1a PETUCTPHUPA
YACTHUIN, U3TBICHH B IPEJHATE TeOMETPUIHU paiionn (MoUTH yCIopeaHo Ha Tphbara Ha
apara cuona). Ilenra e ga ce cbbepar JOCTATBYHO JAHHU, KOMTO Ja €€ U3MOJI3BAT 32
C'BIIOCTABKA Ha PE3yATaTHTE OT u3caeaBaHuaTa Ha xocmuunute jgban. LHCE ce cberon
OT J[Ba JieTeKTOpa, pasmnojoxkenu ot jBere crpanu Ha ATLAS na pascrosame 140 m ot
TOUYKaTa Ha npecuydaHe Ha cHomoBere. B O6msoct o LHCD e pasnmosoxken apyr Maiabk
ekcriepument - MoEDAL (Monopole and Exotics Detector at the LHC) [13], wusaro dbu-
3M4YHa HporpaMa € CbCpeaoTOY€Ha B T'bPCEHETO Ha Malr'HUTHU MOHOIIOJIN WJIX APYI'd CUJIHO
fionmsuparny cTabuiHu (MM ICeBI0 CTAOHIHN) MACHBHU YACTHIH.

3a yckopsiBane Ha cHomoBere, LHC m3monssa cucremMa OT yCKODHTENH, KATO BCEKH
6JIMH OT TSIX CJAYZKH KATO MHKEKTOP Ha cieasaimus. 110c/e10BaTeTHOCTTa B HHKEKTOD-
nara Bepura e Linac2 - Proton Synchrotron Booster (PSB) - Proton Synchrotron (PS) -
Super Proton Synchrotron (SPS) - Large Hadron Collider (LHC), kakTo e mokazano na

durypa 1.1.

JBara cunona ce unxkektupar or SPS B LHC ¢ eneprus na uporonure or 450 GeV.
Bpemero 3a yckopsipane Ha cromoBere oT 450 GeV mo 7 TeV e 28 min. 3a kosmMmupane
n yupasiasiBane Ha cHonopere Ha LHC ca muctasupanu okomo 9600 marauTa - JAUIIOJ-
HU, KBaJIPYIOJHHI, CEKCTOIOJHHU U JIpYTU. BCeKHu euH OT MAarHUTUTE UMa, CBOsS POJIs 3a
olpejiesissHe Ha TpaeKTOpUUTe Ha vdactunurTe. Ha Begka egHa oT IbroBuTe apKH ca HUHC-
TaJupaHu 10 154 CBPBXIPOBOALIIM JUIOTHA MarHuTa ot HuobueBo-tutanunesa (NbTi),
KOUTO HAIPAB/ISIBAT JIBIKEHUETO HA CHOMOBETE. 3a KOJMMHUPAHE HA CHONOBETE B TOY-
KUTe Ha Tpecuyane ce mu3mnoa3sar 932 kBaapynosHu mMarouta. 1IpOeKTHOTO MArHuTHO
nosie e 8,33 T. 3a oxJlaxk/1aHe Ha MarHUTUTE JIO0 paboTHaTa UM Temieparypa or 1.9 K
ca HeoOXoauMH IPUOIU3UTENHO 0K0J10 120 t cBpbxdayungen xenuit. Okosio 90 t or Hero
ce UHXKEKTHPAT B CTyAeHATa Maca Ha MATHUTUTE, OCTAHAJIOTO KOJUIECTBO €€ HAMUPA O
TPBHOUTE U OXJIAKIAIIUTE WHCTAJTAIMH.

Habopwbr ma mannum Ha LHC craprupa B Hadasoro #a 2010 1., KATO I'bPBUTE €KCIIEPU-
MEHTAJTHU JaHHM ca HAOpAHU IIPU €HEPrHsl B CHCTEMa IEHTHP Ha MacuTe /s = 0.9 TeV
u 2.36 TeV. [TbpBuTe cONBCHIM HA TPOTOHY TIpH eHeprust /s = 7 TeV Gsaxa ua 30 MapT
2010 1., IbpBOHAYAIHO NPH HHCKa cBeTHMOCT (BHK 1.2) o mopsambka va 10%7 cm=2s7h,
C mocTeneHHOTO yBe/MYaBaHe HA WHTEH3WBHOCTTA HA CHOMOBETE B Kpas Ha HabOpa HA
nanan mpes noeMppu 2010 r. cBeTEMocTTa gocturaa 2 X 1032 cm™2s7!, a B xpag ma 2011
r. j10 3.6 x 10** cm™2s7!. Ha ekcnepumenta CMS MakcuMmasHaTa CBeTHMOCT, JOCTUTHATA
npe3 2012 1. e 7.67 x 103 ecm~2s~!. [IbHaTa HETErpagHa CBeTUMOCT OT IPOTOH-TIPOTOHHH
szamMozeiicTeus 3a 2010 r. e okos10 44.2 pb~!, 32 2011 1. Ta e 6.1 fb™1, a 3a 2012 - 23.3

fb=1 (dur. 1.2). Banucanara HHTErpaTHA CBETHMOCT OT OJIOBO-OJIOBHH B3aMMOJEHCTBHSI
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@urypa 1.1: TlociemoBareino yckopsiBane u nHkektupane Ha caornosere B LHC.

3a aBarta Habopa wa gamnu B Kpag uHa 2010 w B kpas ma 2011 r. npu eneprus /s = 2.76
TeV Bb3am3a Ha okoso 167 pub~!. IInpsuTe Tpu Mecema or 2013 T. 6axa 3a/1eJeHE 33 Chb-
OMpAHETO Ha JAHHU OT IMPOTOH-OJIOBHY B3aMMOJEHCTBUA ¢ eHeprug /s = 5.02 TeV, karo
I'bJIHATA HHTeTrpaJjHa CBeTHMOCT OT TAX Bb3JIM3a Ha 0Kojao 31 nb~!.

1.1 Ilapamerpm ma LHC

HO‘{TI/I BCUYIKU CHBBPEMEHHUN YCKOPUTEJIN Ha BUCOKOCHEPTETUYHUN HACPEIIHN CHOIIOBE
paboTAT KATO CHHXPOTPOHH, KATO KOJTUMUAPAHETO Ha CHOIIA C€ OCBINECTBSIBA Upe3 IPOMSHA
Ha MarHuTHOTO ToJie [14, 15]. @opmara Ha MOJIETO ce Ompejesis OT Ju3aiiHa HA MATHUT-
HaTa OIITUKa KW PAa3CTOAHHUETO ME2KAY OTAC/IHUTE CbOKyCI/IpaH_H/I KJICTKH. yCKOp?IBaHI/ITe
JaCTUOu Cce ABU2KaT B OTAEC/JIHU ITIOPIHUH, HAaPDEICHU 6”bH“IOBe. ,ZLBI/I}KGHI/IGTO Ha 9aCTHUIla OT
CHOTIA TI0 HAIPABJICHUETO Ha OTpejesieHa pedepeHTHa TPACKTOPUS S MOZKE Jla Ce OTUIIIe
C YPaBHEHUETO HA JIBUKEHUE HA XapMOHUYEH OCIIMJIATOP B IPUCHCTBUETO HA MEPUOTTIHA
cuna. [lpu ToBa maBmzkenue, BHB dazoBoTo mpocrpanctso (z,x’ = dx/ds) obobienure
KOODJAMHATH Ha JAaCTUITUTE 3a/1aBaT eJIUICa, YUATO IO C€ Hapuia eMUMaHc U € MIpKa
3a paslpejieJieHneTo Ha 00O0OIeHUTe KOOPANHATH Ha YaCTHUIIUTE B CHOIA OKOJIO 3aJ1a/1e-
HuTe pedeperTHn croiiHocTu. Bemmumuara emuranc Moxke 1a Obiae (pakTopu3mpaHa Ha
HaIpeyHa ¥ HaIbxKHA dacT. Ha/urbKHUAT eMUTAHC € KPUTEepHUil 3a eHepreTudHaTa He-
eIHOPOTHOCT HA CHOMA U € MIAPKA 33 Pa3XBbPJSHETO Ha CTOHHOCTHTE 0p/p OKOJIO JajieH
pedepeHTeH UMITYJIC U MOXKe J1a Ce M3M0JI3Ba KaTO KPUTEpHil Ipu ompeaeasHe Ha TbKHU-
Te pa3Mepu Ha O'bHYA. 3a CHOII C TAyCOBO Pa3Npe/Ie/IeHd CTORHOCTH HA T U &', TaDJTMIHATE
CTOMHOCTH HA HANPEYHHUSA EMHTAHC ce JeUHUPAT KATO ILIONITa, BKIKYBAIINA €IHO CTaH-
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Qurypa 1.2: [IbHa uHTErpajHa CBETUMOCT, 3amucana ot ekcrepumenta CMS 3a Tpu-

Te TOJMHU OT HAOOP HA JAHHH OT HPOTOH-IPOTOHHU B3amMmojeiicTus - 2010 (3eseno),
2011 (uepseno), 2012(cumno).

AapTHO OTKJIOHEHHE OT OCTa Ha CHOIIA:

0.2

€x = Wﬁ—z (1.1)

KbJIeTO [, e amniumyonama QYHKIUS, MOLYJINPAIIA HATPEIHUTE Pa3Meph Ha CHOMA.
Karo paguyc Ha cHOIla OOMKHOBEHO ce IIpUeMa €/IHO CTAHIapTHO OTKJIOHEHHEe OT OCTa Ha
caona [14|. CroitrocTure Ha ammuTyaHaTa DYHKIUS 3aBUCAT OT PA3CTOSTHUETO MEXKIY
oraenanure orycupamy Kiaerku. CTOWHOCTTA HA [ B HOMHHAJHATA TOYKA HA B3aUMO-
JeHCTBUETO € BayKHA XapaKTePUCTHUKA HA CHOMOBeTe U ce bemexn ¢ J*.

Berpanu or Toukara Ha B3anmogeiicrsuero IP (Interaction Point), croiinoctra Ha 3
HapacTBa napabdosndno. Tosa BogM 10 yBe/JndaBaHe Ha HAIIPEYHUTE pasMepH Ha CHOIIA,
KOeTO BOJIM JIO BJIOIIABAaHE HA CBETUMOCTTA. 3aTOBA € HEOOXOIUMO JIa Ce CJAeIN Ha I IbAKHHS
pasmep Ha ObHYA Ja HE HAIBUINABA CTOWHOCTTA Ha [5*.

OOUKHOBEHO Ce M3I0/I3Ba BeJIUYNHATA HOPMAAUSUPAH EMUTNAHC:

€n = Prye (1.2)
KbJ1eTO [ U 7y €a ChOTBETHO CKOPOCTTA HA YACTHUIATA W HEHHUS PEJTATUBUCTKHU (DAKTOP.
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[TapamMeTsp [IpoekTtna croitnoct | CroitHoct mpe3 2012 1.
Hbmxuna 26.659 km 26.659 km
MaxkcuMaJsiHa eHeprus Ha CHOIA 7 TeV 4 TeV

Eneprus na cuona upu unxkekrupane | 0.450 TeV 0.450 TeV
MaruutHo moJie 83T 83T

CrernmocT 1034 cm 257! 5 x 1033cm 2571
Cpenna croiftHOCT Ha TOoKa Ha cHoma | 0.584 A 0.374 A

Bpoit nporonu B eiuH ObHY 1.15 x 10! 1.5 x 101

Bpoit 6bHIOBE 2808 1380

Bpeme mex iy cOIbebIuTe 24.95 ns 49.90 ns
Hampeden eMuTanC 0.5 x 10 %7rrad'-m | 0.6 x 10”7 rad-m
5%, ammmuryana GyHknug B 1P 0.55 m 0.6 m

Paauyc Ha cHoma 16.6 x 107 m 20 x 107 m
‘broa ma mpecuvane ~ 300urad ~ 300urad

Tabsmma 1.1: Tlapamerpn va LHC [14].

1.2 Cserumoct va LHC

Bposar na gyactunure, Kouto ce paxaar 3a eana cekynaa na LHC ce onpenens ¢ dbopmy-
JaTa;

(1.3)

Nevent = ‘Co-event

K'bIETO Oppent € CEIEHUETO 38 KOHKPETHHS TIPOIEC PU AaIeHa CBETHMOCT Ha YCKOPUTEJIS
L. CBeTHMOCTTa Ha YCKOPHUTEsI 3aBHCH €JIMHCTBEHO OT IapaMeTpPUTe Ha CHOIA H MOXKe
Ja ObJe 3amucana ¢be ciiegnara popmyJia;

_ Nanbfrev’Yr Ja

L
4me, B*

(1.4)

KbaeTO Ny e OpodaT JacTHIu B eQuH ObHY, 7 € OposaT ObHUYOBE B CHOMA, frep € TECTO-
TaTa Ha 3aBbprBane Ha cHona (11.245 kHz), 7, e peraruBucTkusar rama (hakrop, €, e
HOPMaJIU3UPAHUAT eMHUTAHC Ha cHOMA, ¥ € aMIINTyIHaTa (PYHKIMA B TOYKATa HA B3au-
MozeiicTBue, a F' e reomerpuder GpakTop, OTUUTAIL PEAYIAPAHETO HA CBETUMOCTTA, KOETO
Ce AbJIZKM Ha 'bI'bJla Ha IIpeCuvaHe Ha CHOIIOBETE.

0.0.\>
F: 1 cY z
“(5%)

KbJIeTO 0, € bI'bJIbT HA Mpecuvane Ha CHOIOBETe, 0, OTUYUTA AbJAKWHATA Ha ObHYA, a o*
- HAIIPpEYHUS pa3Mep Ha CHOTA.

—-1/2

(1.5)

B Ttabauna 1.1 ca mokasanu yact or ocHoBHHTe napamerpu Ha LHC. BbB BTOpaTta
KOJIOHA €a [OKa3aHU IPOEKTHUTe CTOMHOCTH, HeOOXOJAUMH 3a IIOCTUTaHe Ha CBeTHMOCT OT
103%¢cm~2s™! mpm nmpoTOH-IPOTOHHE B3aUMoeicTBH U eHeprus /s = 14 TeV. B Tperata

KOJIOHA €a MOKazauu croiinocrure, mocruraarn npes 2012 r. npu enmeprust /s = 8 TeV
[14].

11



1.3 3akJjroyeHue

B ra3u rnasa e onucan yckopurennugat komiiekc B [IEPH, mocodyenu ca mskou ot oc-
HoBHUTe mapamerpu Ha LHC, HeoOXonuME TP MO-HATATBITHOTO M3JIOYKEHNEe Ha TEKCTa.
[Tocovyenu ca TpoeKTHUTE CTONHOCTH Ha Te3W MapaMeTPH U MMOCTUTHATHUTE JI0 Cera pe3yJ-
taTu. OCBEH TOBA HAKPATKO €A TPEJICTABEHU JIETEKTOPHUTE KOMILIEKCH, PA3MOJIOKEHN HA
LHC, rexnure ¢pusnanm nporpamu, KaTo MO-KOHKPETHO BHUMAHUE € OTIEJeHO Ha eKCIIe-
pumenTa CMS, Tbil kKaro npeacraBeHara padoTa e Da3zupaHa M3IANI0 HA PE3YATATHTE OT
aHaj M3 Ha jJaHHu Habpanu ¢ gerekropa CMS.
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I'1aBa 2

ExcrnepumenTsT CMS

CMS [5] e merexrop ¢ obmmo npeanasuadenue. PusndHaTa mporpamMa Ha KoJIabOPaIy-
sra CMS e HacodeHa KbM HaOJIIOIEHHE W W3CJAEIBaHe Ha XUIC OO30HA, B3aUMOIEHCTBHS
1 pakJaHe Ha TeKKN KBapKH, MPEMU3HO U3MepBaHe W NMOTBbPKIaBaHe Ha IapaMeTpuTe
Ha CramjapTHHS MOJIe/T HA eJIeMEeHTapHUTe YacTUIM, ThPCeHe Ha yKa3aHHsd 3a ChIIec-
TBYBaHETO HA B3aUMOJEHCTBUS M3BBH pamMkuTe Ha CTaHIApPTHHA MOJEJ, HAIIPUMED Chb-
IIIECTBYBAHETO HA TE:KKH BEKTOPHH OO30HH, CYHEPCHMETPHs, JOIMbIHATETHH U3MEPEHUs
U peauia Apyru. PeanusupaHero Ha Te3W MeJH HAJAraT M3M0JA3BAHETO HA JIETEKTOPH C
MHOT'O BHCOKa MPOCTPAHCTBEHA W BPEMEBa, Pa3IeJUTEIHA CIIOCOOHOCT.

[TbHOTO ceveHHe 3a MPOTOH-TIPOTOHHU B3aUMOJEUCTBUS MK eHeprust /s = 14 TeV
e or nopsyrbka Ha 100 mb. Ilpu npoekTHa cBeTHMOCT HA YCKOPUTE/IS OT IOPSIbKa HA
103*cm 257!, mpu mpecuuane ma cHomoBere ce peammsupar okoso 10° cnomTHA 33 emHa
cekyH1a. Bpemero Mexkay aBe MOC/eI0BaTeIHN ITPecuuanns Ha cHomnoBeTe e 25 ns. To3wu
BpeMeBHU MHTepBaJ, HapedeH ObHU-KpocuHr (BX), e ecTecTBeHA MepHA eJIMHUIA 32 BpEMe
Ha LHC n ekcnepuMenTHTe, pasnonokenn Ha Hero. OCBeH perucTpupaHeTo Ha YacTUIU-
Te € HeOOXOJMMO M KOPEKTHO acCOIMUPAHE HA TAXHOTO pazKjiaHe KbM CcbhorBerTHus BX.
CoImo Taka e HeoOXOMMMO TeXHUTE CUTHAIN Ja ObJAT Pa3rpaHNYeHn OT IPUHOCA Ha HAC-
Jiokenu chouTusg or npeaunau BX. Tosa nasiara n3no3BaHeTo Ha JETEKTOPU C BUCOKA
I'PAHYJIHPAHOCT, KOETO OT CBOS CTPaHA OIpe/lefsd W3KIIYUTETHO BHCOKUS OpOil eeKT-
porEn KaHayau. CMS m3moJ3Ba cj0XKHA TPUTEPHA CHCTEMa, W3rPaJieHa Ha JBe OCHOBHH
HUBA, KOJTO € [POEKTUPAHA TaKa, de Jia pejylupa 0pos cbOuTHUs, KOUTO ce 3alUcBaT 3a
nocJeapali anaans o 100 B cekyHaa.

CMS u3mosn3sa JCHO OpHEHTHPAaHA KOOPAMHATHA cHcTeMa [16], YHiiTO MEHTBP CbHB-
masia ¢ HOMHHAJIHATA TOYKA HA IHPBHYHUTE B3aNMOJEHCTBH, OCTa 2 € HacOIeHa 10 OCTa
Ha CHOIA, OCTa Y € HAaCOYeHA BEPTHKAJHO HArOPE, & OCTa X COYH OT IEHThDA Ha B3AHMO-
JMefdcTBHsITa HABbH. JecTo ce M3M0/I3Ba M KOODJAMHATHA CHCTEMa € a3uMyTasieH bI'bJl ¢,
KOITO ce m3MepBa B paBHHHATA T — Y [0 HOCOKA, 0OpaTHA HA YACOBHHKOBATA CTPEJIKA H
MOJIIPHUAT BI'bJT 0, KOHTO OTYMTA OTKJIOHEHHETO OT OCTa z. Beaudunara meeBmao0bp3nna
ce nedunnpa kato n = —Intan(0/2) u vecro ce m3moa3sa Bmecto . Hampeunara kommo-
HEeHTa Ha UMIIYJ/ICa Ha YaCTHIUTE Py Ce€ olpedesid OT BeKTOpHaTa CyMa Ha KOMIIOHEHTHUTE

Pz 1 Dy.
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TRACKFR
CRYSTAL ECAL

Total weight : 12500 T
t :MS Overall diameter : 150 m
Overall length 215 m

Magnetic field : 4 Tesla

PRESHOWER

RETURN YOKF

SUPERCONDUCTING
MAGNET

FORWARD
CALORIMETER

HCAL
MUON CHAMBERS

Qurypa 2.1: Herekropbr CMS.

2.1 JlerektopbTr CMS

Huzaitabr Ha gerekTopa (dbur. 2.1) ce onpeesis OCHOBHO OT n30paHaTa KoHbUrypa-
[Usl HA MAarHUTHOTO TI0JIe, KOETO Ce M3MO0JI3Ba IIPH ONPEe/e/IsiHe Ha UMITYJICUTE HaA 3ape/ie-
HHUTEC 9YaCTHUIH.

CMS u3mos3Ba ¢BpbXIPOBOISII, COJIEHONIAICH MATHUT, KOWTO Cbh3/1aBa MATrHUTHO II0-
jie 3.8 T. MaruuTaure CUI0BU JJUHUHU CE 3aTBAPIT IIPE3 MAarHUTOIPOBO/IA, K'bJETO MArHUT-
HOTO 1to.J1e e 0KoJ10 1.8 T. BbB BbTpelHaTa 9acT Ha MArHATa Ca PA3IO0JA0KeHN TPEKepHATA
1 KaJJOPUMETPUYIHATA CUCTEMA, & MIOOHHATA CUCTEMA € PA3MOoJIOKeHa M3BbH Hero. [1o oT-
HOIIIEHHe Ha TOYKATa Ha B3aMMOIEHCTBHE, TeTeKTHPAIIUTe HUBA Ca PA3IOJOXKEHH KAKTO
CJIe/IBa:

e Brbrperien TPEKOB JIETEKTOP - OCHOBHATA MY 3a/a4da € OlpesesHa Ha MPUIETHUTE
ImapaMeTpH U MO3UINAUTE HAa BbPXOBeTe Ha IMbPBUUYHATE B3aumMoelicTud. V3rpasen
e OT 3 ¢JIOSl CUJIATINEBU NTUKCEJIOBU JeTeKTopu U 10 cJiog oT cuanIueBr MUKPOCTPH-
TTOBU JIETEKTOPH ¢ BUCOKA TPAHYJIHUPAHOCT, KOUTO 3aeJIHO C MUKCEJOBUTE JeTEKTOPH
OCUTYPSIBAT TPEIU3HO OIPE/Ie/IsiHe Ha UMITYJICUTE Ha YaCTUIIATE;

e Enekrpomarnuren kajopumerbp (ECAL) - u3rpafeH e or KpHCTAIH OT OJIOBEH
Bosbpamar (PbWO,4) u nokpusa paiion mo |n| < 3.0. B npexsara yact Ha JBe-
T€ 3aTBapdlid 9aCTU Ha KaJIOpPUMETbpa € MOHTHPaHa JAOII'bJIHUTE/IHA JACTEKTOPHA
cucrema (preshower) 3a JeTeKTupane Ha HOTOKA OT HEYTPATHU T ME30HH.

e Ajponnus kamopumersp (HCAL) nokpusa paiton ot |n| < 3.0. Toii e oT Tun can-
BUY U € U3TPaJeH OT HOCJIeJI0BATEHO PeJIyBAIIl ¢ MECHHTOBH abcopOepH W CIIMH-
Tunaropu. B iBere KpaiiHu 4acTH Ha JETEKTOPa aJAPOHHATA KAJIOPHUMETPUUHA CHC-
TeMa e JOI'bAHEHa OT JBa IPeJHH KAJOPUMETbLpa, KOMTO OCUTYPABAT IOKPUTHE
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Qurypa 2.2: O6m BHJ HA IETTe MOJIYJa HA HAMOTKATA, IIOMECTeHa B KPHOCTaTa Ha Mar-
HHTA.

1o |n| < 5.0. Tlpearure Kaaopumerpu ca u3paboTeHH OT cTOMaHeHH abcopbepu u
KBapIoOBU BJIaKHA.

e MrooHHaTa cucTeMa € paslojoyKeHa N3BbH HAMOTKATa HA MAUHUTA W € [IOMecTeHa
MEK/Ty eJIEMEHTUTEe Ha KOHCTPYKIUSTA HA CTOMaHeHUsI MarHuTonporo . Cucremara
€ M3rpaJieHa OT TPHU BHJIA Ta30HAILIHEHH JICTEKTOPHU - JApeitOoBU TPpHOU, KATOIHU
CTPUIIOBH KaMEPH U KaMePHU CbC CBIIPOTUBUTEIHA ILJIOCKOCT.

2.1.1 CspbxupoBoadNius COJEHONAAJIEH MAarHUT

CMS wu3no/3Ba CBPbXIIPOBOJIAII CoMeHOUIaMeH MarauT (dburypa 2.2), KoiTo e mpo-
eKTHpaH Ja no/rbpzka Maruntao nose or 4 T. Ha npakruka ce paboTu npu cToiHOCT
Ha MarauTHOTO moje ot 3.8 T. TokbT mpe3 marauTta e 18 kA, a paborHaTta Temueparypa
e okoio 5 K'. Bbrpemnure pasMepn Ha MarmuTa ca 6 m B AHaMeTbHp U IbAKHHA 12.5
m. MaruuTHUAT HOTOK ce 3aTBaps Mpe3 CTOMAHEHHS MAarHUTOIPOBOM, KOUTO Ce ChbCTOH
oT 5 mpbeTeHa u 2 3arBapdamu dactu. COJeHOMIAJTHOTO MATHUTHO IOJE Ce OCUTYPSIBA
or 4-cjiofiHa CBPBXIIPOBOISINA HAMOTKA, n3dpaborerna or NbT%. Tosa e Taka HapedeHara
CTyaeHa MaCa Ha Mal'HHUTA. AKyMyJH/IpaHaTa eHeprud B MariuTa IIpu AOCTHTaHEe Ha MaK-
CUMAaJIHa CTOWHOCT Ha TOKa mpe3 mHamorkara e 2.6 GJ. Hamorkara texku 220 t, Koero
O3HAYaBa, Y€ OTHOIIEHHETO HATPYNAHa eHePrus K'bM CTyieHa Maca e okoio 11.7 KJ/kg,
KOeTo e mpuunHa 3a npubausureano 0.15% mexanmuna gedpopMalids IIpe3 BpeMeTo Ha
3aperk/aHeTO Ha MArHUTA.

Iurupanu ca cpejHATE CTOMHOCTU HA KOHKPETHUTE BEJMYUHU, ChOTBETCTBALIM Ha HAOOPa, HA JIAHHU
upe3 mecern, Mait 2012 r.. CroiiHocrure ca usBjiedeHu orT 0a3a JaHHUTE HA CUCTEMaTa 3a HabJIIoJeHue 1
KOHTPOJI.
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Qurypa 2.3: Hamnpeuen paspe3 na sbrpemtnust TpekoB jgerektop Ha CMS. Beska jmmans
OTTOBaps Ha OTxAe/MeH aerekTupart Moaya. C IBOfiHA JIMHUS cAa YKA3aHH MECTaTa, K'bJe-
TO Ca MOHTHUPAHU JON'bJIHUTEJTHUTE JIETEKTOPHU MOJLYJIM, OCUTYPSBAIIM U3MEPBAHETO Ha
JIOMbJIHATETHA KOODINHATA.

2.1.2 BwobTpernieH TPEKOB JIETEKTOP

BbrpemmnusT TpekoB JerekTop (dburypa 2.3) e mpoeKTHpaH Taka, Ye Jia OCUTYpsiBa
Ipenu3no u epeKTUBHO H3MepBaHe Ha TPAaeKTOPHHTE Ha 3apelleHuTe dacTuinu. Pasmo-
JIO)KEH € BbB BBHTIPEIIHOCTTa Ha MarHuTa, Kbjaero marauTHoTo noJse e 3.8 T. Mwma 1u-
JIMHJAPUYHA TEOMETPHUs U € Pa3MoJ0KeH CUMETPUYHO OKOJIO TOYKaTa Ha IIpecHYaHe Ha
cuomnosere. VMa quamersbp 2.5 m U e Jbabr 5.8 m. OrpoMHudT Opoii B3auMoeicTBus
POJICHUTE B TAX YACTHUIU U3UCKBAT ObP3 OTKJIMK M BHCOKA CTEIEH HA I'PAHYJIHPAHOCT Ha
JIETEKTOPa, KOATO ce TIOCTUTA Ype3 U3MOJI3BAHEeTO Ha JIBAa TUIA CUJIUINEBU JEeTEKTOPH.

Haii-61130 /10 paiioHa Ha B3aUMOEHCTBHUSTA € Pa3II0/i0KeHa MMUKCeJTHATa CUCTEMA.
B nenTpannara yact Ha JIeTEKTOpa T € W3TPajieHa OT 3 MOCJIeT0BATETHU UJIAHIPUY-
HU CJIOS OT CHJIMIMEBH TOYKOBH (IMKCEJOBH) JIETEKTOPH, JOMbJIHEHH OT JBa JUCKA CbC
CBIIMS BUJI JETEKTOPH B JBETE 3aTBAPSIIH YaCTH, KATO MO ICeBA0ObP3UHA MOKPUBA pa-
fion ¢ |n| < 2.5. Beeku nukcen npejacraB/isiBa aKTUBHA KJIETKA, KOSTO HOKPUBA ILIOLI
or 100 x 150 um?, Taxa ue 66 x 10° mukcena noxpusar mmom or 1 m?. Ilpm momamame
Ha 3ape/ieHa YacTUIla BbpPXy KJeTKaTa, N30UTUTE eJIeKTPOHU OT N+ 00J1acTTa 3al04uBaT
Jla ce JBUKAT KbM HUMILIAHTAPaHUS KOHTAKT, KATO JBUKEHUETO WM € MepIeHIuKYIIpHO
Ha MarHUTHHATE CHJIOBW JUHWU. Bb3ankHaaaTa JlopeHnoBa cuia e MpuYnHA 33 Pa3mpoc-
THpaHe Ha CbhOpaHWs CUTHAJEH 3apsii BbPXY MOBeUYe OT eIWH MuKced. JlonbiaauTteanara
nnopMalrd 3a pasipee/ieHueTO Ha CUTHAIHUAS 3apsJi MO3BOJISABA /14 Ce JIOCTHI'HE Pa3-
JIeJTUTETHA, CIIOCOOHOCT OT mopsabka Ha 15 — 20 um, koeTo e ¢ 1 MopsIbK MO-MAJKO OT
pasmepa Ha caMaTa KjeTKa. B mpe/iHuTe 9acTu Ha cUCTeMaTa ,CIOCIAHeTO" Ha 3apsda/ia ce
MOCTHTA Upe3 CHeNHUATHA FeOMeTPHsI, KbAeTO JeTeKTHPAIIUTe IJIOCKOCTH ca MOHTHPAHH
BETPUIOOOPA3HO, KATO €A HAKJIOHEHH MO bI'ba orT 20° emHa cupsMo apyra. 1oBa Immo3-
BOJISIBA JIa C€ JOCTUT'HE KOOPJIMHATHA Pa3/eJUTe/JIHA CIIOCOOHOCT OT HOpsIbKa Ha 15 pm.
Ha durypa 2.4 e nokasana pasjennTe/HaTa CIIOCOOHOCT, ONpE/eeHA BbB BBTPEITHUS
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Qurypa 2.4: Pazaennrenna criocoOHOCT 110 UMITYJICH Ha MIOOHU TPEKOBE, OlpejiesieHa BbB
BBTPEINHUsS TPEKOB JeTeKTOD, Karo (DYHKINsA Ha nceBao0bp3unara. (5]

TPEKOB JIeTEeKTOp KaTo (HYHKIUS Ha IceBAo0bp3uHaTa. KakTo ce BHKIAa OT urypara
3a 1O-TOJISIMA YacT OT PErucTpUpaHuTe MIOOHHM TPEKOBE pa3/e/uTe/iHarTa CIOCOOHOCT
e B pamkure Ha 0.5 — 2%. [lukcennara cucreMa e OT U3KJIIOUHTENHA BAXKHOCT IPH Pe-
KOHCTPYHUPaHe HA BTOPUYHU BbPXOBE HA B3aUMOAEHCTBHAE, KaTO HAIpUMED pa3lajiu Ha T
JIENITOHY WJIK b KBAPKH, & C'bIIO TaKa u pH (pOpMUpaHe Ha TPEKOBETE HA BCUYIKHU 3apPe/ICHH
YACTUIIH.

B paiiona, orcrosiy mexay 20 u 116 ¢cm or octa Ha CHOIA ca Pa3NOJIOKEHH JIeTeK-
TUPAINTEe PAaBHUHN HA CUJIUITNEBUS CTPUIIOB AeTeKTop. Toit e uarpajied or HIKOJIKO
nogcucremu (dburypa 2.3):

e B rnienTbpa Ha IeTEKTOpaA Ca PasnookeHn BhrpentHara muanapuaaa dact (TIB),
cbheTaBeHa 0T 4 cios u BbrpemiHara auckoBa vact (TID), usrpagena or 3 jucka.
Hebesmmuara Ha otaennute ciaoese e 320 um. Te ocurypspar 10 4 u3MepeHd TOYKH
OT TPaeKTOPHUSATa HAa YaCTUIATA B paBHUHATA r — ¢. Pazmenmurennara cnocobHOCT
3aBHUCH OT IMIUPUHATA HA CTPHUIA, KATO Bapupa OT 23 ym 3a bpBUTE 2 CJI0 JI0 35 um
3a Tperud u 4eTBbprud caoit Ha TIB. BbB BbTpeninuTe JUCKOBH YaCTH PAa3/IeIH-
TestHaTa crocodHocT Bapupa Mexay 100 um o 141 pym. Bounrnara nuinsapuana
cucrema (TOB) e usrpagena ot 6 cios ¢ gebenura 500 pm 1 ocUrypsiBa H3MepBa-
HeTO Ha 70 6 TOYKU B PaABHUHATA T — ¢ € PA3/eJUTETHA CIOCOOHOCT OT 53 um 3a
mbpBuTe 4 cjiog u 35 pm 3a JApyruTe JiBa.

e JIBere kpaitau 3arBapsamu dactu (TEC+ u TEC-) ca kommosupanu ot 1o 9 Jucka,
BCEKI OT KOWTO € U3TPaJeH OT M0 7 KOHIEHTPUYIHU MPBHCTEHA C PATHATHO PA3IO-
JIOYKEHH CTPUIIOBE, 4YuATO Imupuna Bapupa or 97 um a0 184 um. ITo To3u nauun ce
ocUrypsgBar J0 9 u3MepBaHusd Ha KOOPAUHATA 110 ¢ OT TPACKTOPUATA HA YACTHUIATA.
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e Haxkou ot momynute u npberenure B TIB, TID , TOD u TEC ca aybiupanu ¢ BTopu
MOJTYJT, MOHTUPaH 1o bI'bj oT 100 mrad cupsMO OCHOBHHUS, KATO 1O TO3W HAYUH CE
OCHUTYPSIBA M3MEPBAHETO HA KOOPIMHATA Z 33 MEHTPAJTHATA YaCT HA JETEKTOPa HJIH
KOOpJMHATA I B 3aTBapsIIuTe dactu. Pa3menntennara cnocoonoct 3a TIB u TOB
B caydad e 230 um u 530 pm cbOTBETHO.

2.1.3 EjaekTpoMarHuTeH KaJIOpPUMETHP

Enexkrpomarautauar kanopumersbp na CMS (ECAL) e xepmernden xomorenen
KaJaopuMersbp, u3rpajien or 61200 kpucraau ot ooser Boadpamvar (PbWO,), morTupanu
B IleHTpaJHATa YacT u 0T 7324 KpucTaJa BbB BCIKa eHa OT 3aTBapsiinTe dactu. Tosa
e M3KJIOYHATETHO ILUTbTHA, HO ONTUYECKHW IPO3PAavHa Cpesa, MOJIXOIAIIA 3a CIUpaHe Ha
BHCOKOCHEPreTUYHU dYacTuiu. Kato dhoTogeTeKTopu B MEHTpAIHATA YaCT C€ H3II0JI3BAT
nasunanu dhoroanoan (APDs), a B 3aTBapsIuTe YaCTH, K'bJETO J'bYEBOTO HATOBAPBAHE €
0-BHCOKO ce u3nos3sar Bakyymuu dororpuogu (VPDs).

g _I 1 1 1 | 1 1 1 1 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I_
~ 1.4 ]
Ll - ]
~ C ]
W12 B
(o) B ]
= S=2.8 (%) (GeV)? .

B N=0.12 (GeV) i

0.8_— C=0.3 (%) ]
0.6 -
0.4 -
0.2 -
O:I 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I:

0 50 100 150 200 250

E (GeV)

Qurypa 2.5: Pazgenuresina criocoOOHOCT 1O €HEPIUU HA €JIEKTPOMArHUTHUA KaJIOPUMETbP
KaTo (PYHKIUS HA EHEPIUATa, OlIpeiesieHa ¢ TecToB cHoll. [lapaMeTbpbT S oTunTa CTaTHC-
tudeckuTe Gaykryamnun, N mapaMeTpusnpa IrymMa Ha egekTponnkarta u C e KOHCTaHTeH
YJIeH, OTYUTAI TPUHOCA Ha CUCTEMATUIHATE OTKJIOHEHU.

Paznmenurennara cnocobnoct na ECAL e ompenesneHa eKCIepIMEHTAJIHO ¢ TECTOBH
CHOIIOBE U MOXKe JIa ce olulie ¢ popMmysara:

(%)2 — (%)2 + (%)2 +C? (2.1)
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KbjieTo (S) e cToXacTu9eH mapaMerbp, oTYHTall cratucTudeckure duykryanun, (N) e
mapaMeTbp, OTIUTAI ITyMa Ha eJleKTpoHnKara, a (C) e KOHCTAaHTeH UJIeH, OTIUTAI CHC-
TeMaTHIHUTE OTK/IOHeHWsT. CTORHOCTUTE Ha MAPAMETPHUTE Ca ONPeeIeHN OT (PUTHPAHETO
Ha eKcrepuMeHTasiHuTe pesyararn (dburypa 2.5) u ca kakro ciaeasa: S = 0.028 GeVz,
N =0.12 GeV u C' = 0.003.

B neHTpajiHaTa 4acT eJeKTPOMATHUTHUAT KaJOPUMEThP MOKPUBA paiioH 10 |n| <
1.479. M3nosn3BaT ce KPUCTAIN ¢ HAOPeIHH pa3Mepu oT 22 X 22 mm? Ha JumeBaTa dacT
u 26 x 26 mm? B 3aaHaTa gact Ha Kpucrana. Jbmxunara or 230 mm orrosaps Ha 25.8
PaIUANMOHHN ThIKITHH.

Jere 3arBapsiu vactn Ha ECAL nokpusar paiion or 1.479 < |n| < 3. Hanpeunure
pa3MepH Ha KpHcTaInTe ca 28.62 X 28.62 mm? na iumesarta act 1 30 X 30 mm? B 3aanaTa
JacT Ha KpucTasaa. IbmkmHaTa oT 220 mm orroBaps Ha 24.7 pagualioHHH ThJIKAHH.

KbM enekrpoMaruuTHaTa KaJopuMeTpudHa cucrteMa Ha CMS ce mpuducisiBa u Ta-
ka Hapedenus Preshower jgerexkTop, KOHTO € pa3mO/IOXKeEH NPEAN IIbPBUTE KPUCTAJTHH
voayan Ha ECAL B aBere 3arBapgaiiy 4acTH W 110 MCEBAOODBP3MHA MOKPHBA pPailoH OT
1.653 < |n| < 2.6. OcHoBraTa GyHKINSA HA IeTeKTOpa e na naeHTHhUIHPa HeyTPATHUTE
IUOHHU, KATO OCBEH TOBA IIOJIIOMAara M uaeHTUdUKAIUATA Ha ejgekTponu. [IpeacrasiisBa
KaJIOPUMET'bP OT THUIl CAHJBHUY, B KOWTO OJIOBHHTE abCOpPOEpH ce pelyBaT C¢'bC CEH30PHH
paBauHu. EjIeKTPOMArHUTHUTE JIABUHU, HHUIUAPAHU OT €J€KTPOHUTE Win (POTOHUTE Ce
paszsuBaT B abcopbepute, a GyiarogapeHne Ha CHUJIMIUEBUTE CTPUIIOBU CEH30PHU Ce OIpe-
JISJIAT JICTIO3UpAaHATa eHepTus U HarpedHus npodua Ha japuaurte. /lebennnara na mare-
puaJja npeju JIOCTUTaHe Ha I'bPBaTa CeH30pPHA PaBHHHA CHOTBETCTBA HA 2 PaJUAIIMOHHH
abekuan. Criel ToBa HMa ollle e1uH abcopbupalll caoi, cboTBeTCTBAI Ha 1 paaualnuoHHa
JIbJKAHA TIPEIN JOCTUTAHe HA BTOPATa CEH30pHA paBHUHA. Beekn cumuiuen ceH30p UMa
akTuBHa miont oT 61 x 61 mm? u geGesuna or 320 pm.

2.1.4 AjpoHeH KaJIOpUMETHP

A npounus kamopumersp (HCAL) wa CMS reomerpudno o6XBalia eJeKTpoMar-
HUTHUS KAJTOPUMETHP U 3a€IHO ¢ HEr0 M3MePBa €HePIruaATa U HAIPABICHHETO Ha aIPOHHHU-
Te crpyu. Herosara xepMeTuaHOCT MO3BOJ/IsIBA H3MEPBAHETO HA HEIOCTUTAIIATA HATIPETHA
eHeprud. A,ZLPOHHI/IHT KaJIOPUMETBHD € OT TUII CaAaHABUY M € U3I'Ppa/JdeH OT HAKOJIKO OCHOBHHU
noacucremu (burypa 2.6):

e BbrpemnrHugar agpoHeH KajopuMersp B meHTpasHaTta dact (HB) e pasmoso-
xken mMexay ECAL u pbrpemaara crena Ha marauta. [lokpusa paiion 1o |n| < 1.3.
HB e pasnesnen Ha ape nosopuau HB+ u HB-, kouTo ce cberodar ot 1o 36 naeHTHY-
HU a3UMYTAJHH KJIUHA, ©3pAO0OTEHN OT MECUHIOBU abCcOpOMpAIIU IJI0YH ¢ Jebe/InHa
OT 5 c¢m, KOUTO Ca apaHKUPAHW YCHOPEIHO HA OCTA Ha CHOMA. 3a JYacCTUIA, Ha-
qaurama nox brba or 90° (n = 0) obmiara nebennna Ha abcopbepa ChOTBETCTBA
Ha 5.82 aapeHn IbIKWHU, HO C YBeJIW4YaBaHe HA MOJAPHUSA BI'bJa goctura 10 10.6
ApeHn JbKUHE 1pu || = 1.3. AKTUBHUTE esleMeHTH ca U3paboTeHH OT ILIACTH-
YeH CIMHTUIATOD ¢ mebesnHa 0K0JI0 4 mm. V3nbienara cBeTsimHa ce chbOUpa 1upes
ONITUYHU BJIAKHA, B KOUTO e nmobaBeH Mpeodpa3oBaTes HA TbKUHATA HA BbIHATA.
Karo dorogerekropu ce nznonssar xubpuanu doroxpuonn (HPD). Paznennrennara
criocoGHoCT 10 eneprus e ot nopsibka na o(E)/E ~ 90%/VE.
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Qurypa 2.6: Hanpeden paspe3 Ha eJiHa 4eTBHLPT OT aJpoHHUS Kajopumerbp. Ha dury-
para He e IMOKAa3aH mpeIHudT kajopuMeTnbp HEF.

e Bbrperren agponen kanopumerbp B 3arBapsimure dactu (HE) - mo nces-
no6bp3uHa MoKpuBa paitona ot 1.3 < || < 3. Toa e paiioHbT, KOHTO CbIbPKA
TPAaEeKTOPUUTE HA 0KOJIO 34% OT qacTHIUTe OT KpalHUTE CHCTOSHUS HA B3aXMOIeiiC-
TBUAATA. XEPMETHIHOCTTA HA, JETEKTOPA Ce OCUI'YPABA OT IMaXMaTHOTO HOAPEKIaHEe
Ha, OTJIEJIHUTE MOJIY/IN eIuH CIIpsaMo JApyr. Mecunrosure abcopbepu ca ¢ jgebesmHa
79 mm, KaTo Me¥K/Iy TAX B CIeIUaJHU MPOIEeNnH ¢ MUPUHA 9 mm ca pas3mooxke-
HHU IJIACTMACOBU CIIMHTHIATOPH ¢ JedesmHa okos1o 4 mm. Karo doromerekropu ce
U310I3BAT XuOpuaHu doronuoan. PaszgennresHara cIocoOHOCT IO eHEPrus € OT

nopsyrbka na o(E)/E ~ 100%/VE.

e 3a JIOMBJIHUTETHO OCUTYPsIBAHE HA XEPMETUIHOCTTA HA JETEKTOpPA IO OTHOIICHUE
Ha AJPOHHUTE JIABUHU, B NMEHTPAJHUsS paiioH mo mceBaoObp3una, HB e mombi-
HEH OT TakKa HapedeHWs] BBLHITEH aapoHeH kasopumerbp (HO), usnecen us-
BbH HAMOTKATa Ha Maruuta. PazmennTesHara CIHOCOOHOCT IO €HEPTHsl € OKOJIO
o(E)/E ~ 120%/VE. Cermentupanero ma jerektopa 1mo ¢ u 1o 7 3a HB, HE
n HO e okomo ¢ x = 0.087 x 0.087, Kb/IeTO ¢ € a3suMyTaTHus bI'bJ, a 1) - TICEBI0-
Obp3uHa.

e IIpeauure kanopumerpu (HF) ca pasnosioxkenu cjies mocaeTHUTE MIOOHHY CTaH-
MU B 3aTBapsAIIATE YaCTH W NOKpUBAT paiion ot 3 < |n| < 5. Tosa e paiioHbT, B
KOWTO MOTOKDBT OT 3ape/ieHu aJpoHH € Haili-rongm. llpu eano mpoTOH-TPOTOHHO
BSaI/IMO,Z[efICTBI/Ie B JBaTa IIPpEeAHU AeTEKTOPa YaCTUIUTE ACIIO3upaT eHeprud OT I10-
paabka #Ha 760 GeV. 3a cpaBHeHUWe [emo3uWpaHaTa €HEPrus B OCTAHAJIATA TaCT HA
nerekTopa e okosio 100 GeV. Ilpeanure KajgopuMeTpu ca U3rpajeHu OT CTOMAaHEeHH
abcopbepu ¢ gebennHa oT 5 mm, B KOUTO ca O(POPMEHH YJIE€H, KbJIETO Ca pPa3Ilo-
JIO’)KeHH KBapuoBu BjaakHa. CUrHATBT ce GopMHpPa OT YepeHKOBCKATa CBETIHHA,
n3Jb4eHa OT 3apeJcHUTEe TYaCTUOU B JIABUHUTE. Hpe,ZLHI/ITe KaJIOpuMeTpu ce HU3I10JI-
3BaT OIe W 3a u3MepBaHe Ha cBermMmocTTa HAa CMS B peasno Bpewme.
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Qurypa 2.7: R-Z npoeknust Ha eJiHa 9eTBLPT OT MIOOHHATA cucTeMa Ha jerekTopa CMS.
ToukaTa Ha TBPBUYHOTO B3aUMOMIEHCTBUE ce HAMUPA B JIOTHUS JgB bI'bad. Octa Z e yc-
Ope/IHA HA MOCOKATA HA CHOIA, a pajuychT R HapacTBa OT TOYKATa HA B3aUMOIEHCTBUE
HaBbH. Uernpure MIOOHHH CTAaHIWH B IEHTpajHaTa dacT ca orbenszanun ¢ MB(muon
barrel),a cranmuure B 3arBapsmure dactu ca orbesrsizann ¢ ME (muon endcap). Ka-
mepute ¢ apeidosn Tpuou (DT) ca orbenszanu ¢ OpaHKeB BT, KATOJHUTE CTPHIOBU
kamepu (CSC) cbe cBeTIo3e1eH, a KaMepuTe ¢be chipotusuTean miockocru (RPC) ¢be
cun. Pasnonoxenuero na RPC B nentpasna gact e orbenszano ¢ RB, a B 3aTBapsmure
gactu ¢ RE.

2.2 MiooHHa cucreMa

Peruncrpupanero Ha MIOOHH M aHAIN3BT HA CHOWTHs, BKIIOYBAILH MIOOHH € MOIIEH
HHCTPYMEHT, W3MOJJI3BaH IIPU ThPCEHETO Ha WHTEPECHH CHOUTHS W peaylupane Ha ¢o-
HoBUTEe CbOuTHA. MIooHHaTa jerekTopHa cucreMa Ha CMS (durypa 2.7) mMa HIAKOIKO
OoCHOBHH (byHKINH: (pOpMHUpaHEe HA MIOOHEH TPHUrep, MIeHTUMHUKAIHUA Ha MIOOHUTE, U3-
MepBaHe Ha UMIYJICHTE UM ¥ OIIpedessHe 3HAIUTe Ha TeXHHs 3apsaa. Te3n pyHkmum ce
U3II'bJIHABAT OJIarojapeHne Ha pasjaeJuTe/IHATa CIOCOOHOCT HA OTIEJHHUTE AETEKTOPH B
KOMOMHAITAA ¢ BUCOKATE CTOMHOCTH Ha MATHUTHO oJje oT 0KoJio 1.8 T. Moonnure merex-
TOPU Ca PA3TMOJJIOKEHN MEXKY OTIEJHUTE CJA0eBe Ha MarHUTOMPOBOIA, KOWTO OCBEH TOBA
CJYKH U KaTo abcopoep.

[eomeTpugaTa Ha HEHTPATHUAS COTCHOUIAJIEH MATHUT OIPeIesst U TeOMeTPUATA Ha MIO-
OHHATA CHCTEMA - e/[HA IUJINHAPHYHA NeHTPpaIHa qacT (6apes) u JBe [IaHapHU 3aTBaps-
iy Kpaifun qactu (enakanu). MoooHHATA CHCTEMa MOKPUBA OPPOMHA TLIONL U OCBEH TOBA
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Qurypa 2.8: PpoHTaIEH U3TJIE HA eIUMH OT IIeHTpaaHuTe npberenn Ha CMS. [Tokazanure
ca 12-te orjesHu ceKTOpa HA MIOOHHATA cucTeMa. CbC CHHBO ca OTOEISI3aHN OT/IETHUTE
MIOOHHH CTaHIUU, & CbC CUBO - MaIrHUTOIIPOBOAA.
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®urypa 2.9: Kapra Ha MarauTHOTO 110J1e (BJSIBO) U HA MAPHUTHHUTE CUJIOBU JIMHUU (BJIsIC-
HO) - HaJUTb:KeH paspe3 Ha gerekropa CMS. Besika jmHusT 0oTTOBapsi Ha IMPOMsIHA Ha
MarauTHHS 10TOK ¢ 6 Wb. Mogesrbr e 3a II'bTHOCT HA IMEHTPAJTHOTO MArHHUTHO II0JIE OT

3.8 T.
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Td € HeJOCT'bIIHA 33 MHTEPBEHIUH B IIEPUOAMTE Ha chOMpaHe Ha JIAHHU, KOETO HaJara
JIOMbJIHUTETHY U3NCKBAHUS 32 HAJEXKTHOCT W YCTOWIMBOCT HA JIETEKTOPUTE.

3a perncrpupane Ha MoooHnTe CMS m3mo13Ba Tpu THITA TA30HANBIHEHH IETEKTOPH
Ha fOHU3UpAIM JacTuiy- Kamepu ¢ apeiidosu tpbou (DT - drift tubes), katoguu cTpu-
nou kamepu (CSC - cathode strip chambers) u kKamepu ¢b¢ ¢CbOPOTHBATETHA TLIIOCKOCT
(RPC - resistive plate chambers). Lenrpannara (muinHIpHYHATA) YACT HA CHCTEMATA
e M3rpaJieHa OT KaMepu ¢ JpeiioBu TpbOM, a B 3aTBAPANIATE YACTH CA PA3IMOJIOKEHH
KaTOJHY CTPUIIOBU Kamepu. KamMepuTe ¢bC ChIPOTHBUTETHH ILJIOCKOCTH €A PA3IIOI0KEHH
KaKTO B IIEHTPAJHATA JaCT, TAKA U B JIBeTe KpailHu 3arBapsinu dactu. MIOOHHUTE KaMepH
TpsibBa J1a PETUCTPUPAT MPEMUHABAIINTE YACTUIM (MIOOHU) B HIKOJIKO TOYKH 110 IPOTE-
JKeHue Ha TeXHHTEe TPAeKTOPHUHU. 3a OIlIpejessHe Ha UMIIYJICHTe HAa MIOOHHUTE Ce U3IMO0JI3Ba
3aKPUBSIBAHETO HA TPACKTOPUHUTE UM B MArHUTHOTO mojie. B meHTpasHara 9act ca u3r-
pamenn 4 MIOOHHW CTAHIMH, PA3MOJI0KEHN KOHIEHTPUIHO HA PA3AUYHO PA3CTOAHHE OT
TpbhOaTa HA CHOMA, a B KPallHUTE YaCcTH, CTAHIUATE CA PA3MOJIOKEHU TePIeH TUKYITPHO
HA OCTa HA CHOIIA, HAa PA3JIMYHO PA3CTOSHUE OT TOYKATA HA I'bPBUYHUTE B3AUMOICHCTBHI.
[lenTpanHaTa 9act e pasaenena Ha b npberena (W-2, W-1, W0, W+1, W+2), kato W0
e HeHTPAJIHUAT NPbeTeH. Beekn enun or npberenure e pasjieiaen Ha 12 cexropa (durypa
2.8), KOETO CHOTBETCTBA HA a3uMyTaseH bI'bJ ¢ = 30°. 3aTBapsiiure YacTH ca KOMIIO3H-
paHu OT 0 4 IUCKa, 9MHTO HOMEpP HapacTBa ¢ HAPACTBAHETO HA PA3CTOSTHUETO OT TOYKATA
Ha B3auMojeiicTBue. Beekn equn or guckoBeTe e u3rpajeH or 1 o0 3 npbCTeHa, KaTo HO-
Mepa Ha HPbCTEHHTe HAPACTBA ¢ HAPACTBAHETO Ha Pajuyca, T.e. ¢ OTJAJeYaBAHETO OT
MOJIOXKEHNETO Ha TpbbaTta Ha cHoma. I[Ipberenure ca pazgenenu na 36 ceKTopa, KOETO
OTTOBaps Ha azuMyTaJaeH bI'bja ¢ = 10°.

2.2.1 peiidpoBu Tpuou (DT)

B nenTpannarta dacT ITBTHOCTTA Ha MIOOHHHS IMOTOK € Hucka. Heyrpomnwms ¢on
CBINO € OTHOCUTETHO HUCHK (C M3KJIIOUEHHEe HAa Hal-BbHINHATA MIOOHHA CcTaHmus). Mar-
HUTHOTO TI0JIe MEeXKJIy CeIMEHTHTEe Ha MarHUTOIPOBOJaA € ciabo - okoao 0.4 T (dburypa
2.9). 3a perucrpupaHeTo n HaeHTHGUKANMITA Ha MIOOHH Ca M3TpajeHn 4 MIOOHHH CTaH-
mun, Braouasaiu DT u RPC. TIspBara MooHHA CTaHINS € PA3TIOI0KeHa HETIOCPEICTBEHO
cJieJl MATHATA, a MOCJIeJIHATA - W3BbH MarHuTonpooja (durypa 2.8). Ocrananure e
CTAHIUU Ca PA3IOJIOKEHH MEXKJTY IIJIOCKOCTUTE, U3rpaKaainy Marauronposoga. DT mok-
pusar paiion 1o || < 1.2. OcuoBen esiement B cucremara or DT e apeiidobara Kierka
(durypa 2.10 B fagCcHO), B IEHTbPA HA KOSITO € PA3IOJ0KEeHa aHOHA HUIIIKA OT MO3JIaTeHa
cromana. Hanpeunugar pa3mep Ha numikarta € 50 ym. HyBcrBuTesHUAT 00€M € 3alrbJIHEH
cbe emec ot 85% Ar u 15% CO4 [17]. dpeiidosaTa ckopocT € oT mopsirbka Ha 55 um /ns,
a MaKCHMAaJIHOTO BpeMe 3a Jpeidysane e okos1o 400 ns. Popmarta Ha e1€KTPAIHOTO MOJIE
ce ompenens oT 4 eleKTposia - 2 KaTOJHN CTPUIA OT JBETe CTpaHU Ha TphOaTa u orie 2
OJ1, ¥ HaJI aHOHATA HUIIKA. 4 CJI04 OT MapaJsieiHO mojpejieHu ApeiicboBu TpbHOU obpa3zy-
BaT Taka HapedeHus cynepcioft. Ha Bcska cranmums ca pa3moJyiOKeHN KaMepu, KOUTO Ce
CbCTOAT OT 2 CYNEpCJiosd, KOUTO U3MEPBAT 1" — ¢ KOOPAMHATUTE U €JIMH CyIepcIoil, KOUTO
u3MepBa Koopaunarute 1 — z (burypa 2.10 B 1s180). Hajrb:kHuTe pasMepu Ha KaMepHTe
ca OKOJIO 2.5 m U ca OrpaHHYeHH OT pa3MepuTe Ha OapeJHHTe TPHCTEHH, a HAIPEUHUTE
3aBUCAT OT OTJAJIEYEHOCTTa HA CTAHIMATA OT TpbOaTa HA CHONA U BApUPaT B PAMKUTE
or 1.9 m 3a naii-pbrpeniaure craniuu 10 4.1 m 3a Haii-pbHITHAUTE. [IpocTpancTBenara

23



Gurypa 2.10: Basso: Cxema na apeiidoba kamepa. Bascuo: Hacr or apeiidoBa TpbOHA
KJIeTKa, HA KOSTO Ca MOKA3aHU JIMHWWTE Ha JIpeiipyBaHe W W30XPOHHUTE JIMHUH
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®urypa 2.11: Cumynanusg ¢ Fluka na npenoca na gactumu B CMS npu csetumoct ot 1034
cm 257!, Bagso: [IpeHoc Ha IOTOK OT 3apeeHH YacTHIH (agponu u Miooun). Bascho:

MpPEeHOC Ha HEYTPAJHU aTPOHMU.

pazzaesmnreinara crrocoonoct 3a DT e or okosio 100 ym 3a 7 — ¢ u okos10 150 pm 1o z u
3aBHUCH OT 'BI'bJIA,M0J KONTO MIOOHA MPECcHuYa JeTeKTHPAINaTa paBHuHA. Pa3aenureHara
CIIOCODHOCT 110 BpeMe € 5 ns.

2.2.2 Karoauu crpunosu kamepu (CSC)

B aBere 3arBapsiim 9acTu HA JETEKTOPA ILUIHTHOCTTA HA MOTOIUTE OT HEYTPAJIHU H
3apejieHn YACTHIM Ca MO-BUCOKH, B CDABHEHHE C Te3W B IUJIMHIpUIHATA dacT (urypa
2.11). Oceen ToBa, KAKTO MOKe Jia ce BUan Ha (urypa 2.9 MAPHATHOTO TI0JIE € TOJISMO U
Hee JHOPO/HO. Te3u HeeHOPOJHOCTH BIUMAAT BbLPXY JpefidoBaTa CKOPOCT U CBbP3aHUTE
¢ Hes HeOIpeeIeHOCTH.

Tosa e ompesenanio u3bopa Ha KaroguuTe crpunosu kamepn (CSC) KaTo MOOHEH Jie-
tekTop 3a Tasu dact Ha CMS. CSC mmar Obp3 OTKJIHK IO BpEMe, KOETO € CJIeJICTBHE Ha
3HAYUTENHH MO-K'behs IbT 3a apeiipysane. CSC morar ma 6b1aT (DUHO CErMEHTHDAHU H
OCBEH TOBA HE €€ BJIULAAT CHJIHO OT HEeJIHOPOIHOCTUTE Ha MAarHUTHOTO moJie. [lo mcesmo-
obpsuna CSC nokpusatr paiton ot 0.9 < |n| < 2.4. BbB Besika KpaiiHa 3aTBapsiia 4acT
ca M3rpajeHu 1o 4 CTaHIUKM OT KaMepHh, MOHTHPAHU OT JHUIEBaTa YacT HA CTOMaHEHU-
Te JINCKOBe, MEePIeHINKY/ISPHO Ha mocokara Ha cuona. CSC omepupar KaTto cTaHIapTeH
MHOTOHHUIITKOB TPOIOPIIMOHAIEH Oposd, KbM KOWTO obade ca J00aBeHN W KATOHU CTPU-
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Gurypa 2.12: Bagso: Cxema Ha KaToHA CTPUIIOBA KaMepa, Ha KOSTO Ca MOKA3AHWU OPU-
CHTAIlUUTE Ha aHOAHUTE HUIIMKHW W KaTOJHUTE CTPUIIOBE. B,ILHCHOI Hanpequ pa3pe3 Ha
razoBug nporen B CSC, Kb/IeTO ca MOKAa3aHW aHOJHUTE HUWINKH U KATOJHUTE DABHUHU.
CxeMaTU9IHO € MOKA3aHO WHIYIUPAHETO Ha eJeKTPOHHA JIABUHA U Pa3IIpeJieIeHHeTO Ha
3aps/a, THIYIIpaH BbPXY KaTOJIHUTE CTPUIIOBE.

OBe, KOMTO MMAT POJISITa Ha CUIHATHN efekTpoan (dburypa 2.12). PaborHara razosa cmec
e coerasena or 50% COq, 40% Ar u 10% CF,4. Karoguure crpunose ca pa3moozKeHHd
pajinagHo U B KOMOWHAIMS ¢ AHOJHUTE HUIIKU JABAT mpenn3na uHdopmanus 3a (7, ¢)
KOOP/IMHATUTE HA MIOOHA WJIU JPYTra 3ape/ieHa YacTUuia, IMPeMuHa/Ia Ipe3 JIeTeKTuPaIaTa
paBauHA. Besika kamepa ce cberon ot 6 cost (ormenan CSC ennHuIm), KaTo oTaazede-
HOCTTA Ha CHOTBETHHUsI CJION maBa mHGOpPMAIHS 33 KOOPAWHATA 10 OCTa 7. Pa3mepure Ha
KaMEpPHUTEe 3aBUCAT OT TAXHOTO IOJIOXKEHHUE B JIETEKTOPA, KAaTO JbJKUHUTE UM BapHpPAT
or 1.7 10 3.4 m. BbB BbTpeNiHUTe NPbHCTEHW HA CTAHIUUTE C HOMepa 2, 3 U 4, BCEKH
e CSC cjoit mokpuBa paiioH, oTroBapsit Ha bI'ba ¢ = 20°. Benukn octanann CSC
eMHUIM TOKPUBAT PAiioH, KOWTO oTroBaps Ha bI'bia ¢ = 10°. Bbe Beekn equn CSC cioi
ca pasmo/ioykeHn paauaaHo 80 KaTOAHU CTPHUIA, KATO BCEKHM CTPHUI TOKPUBA PaiioH or 2.2
10 4.7 mrad (0.13° — 0.27°), Koero ompeJie/is paseJuTeHaTa CIIOCOGHOCT O ¢. AHOJI-
HHUTE HUIKH ca c jguaMeTsbp oT o0 um u ca pasjajedeHu €jHa OT Jpyra npe3 3.16 mm
wid 3.12 mm B mOYTH BCHYKHU KaMepu. V3Kmovenne mpaBu KaMepaTa, KOATO ce HaMUpa
Haii-6,in30 110 TouKara Ha B3anmomeiicTere (MEL/1), KbaeTo aHojHUTE HUIIKE CA C JTH-
ameTbp 30 um u ce HAMUPAT Ha pas3cTogHue 2.5 mm ejHa OT JApyra. le ca KOMOUHUPAHH
B Ipynu OT 1o 5 uau 16 HHAMIKH, KOeTO OoTroBapsd Ha mumpuHa OT 16 10 51 mm, KoeTo
OrpaHHYaBa U pa3JeJUTETHATA CIIOCOOHOCT 10 OTHOIIEHHE Ha PajHaJHATa KOOPIUHATA.
Kamepute B oT/eTHUTE CJI0€BE Ca OTMECTEHH CIPIMO KaMepHTe OT ChCeIHU CI0#, Taka
9e J1a ce NPUIOKPHUBAT, KATO 110 TO3W HAYWH C€ OCUTYPSABA IIbJIHO MOKPUTHE, BKIIOIUTEI-
HO W HA MeCTaTa, K'bJeTO Ca IMPOIENNTe MeXKIy OTAeTHUTe KaMmepu. lIpocTpancrBeHara
pazaenurenna cnocobnoct vHa CSC e 75 um 3a KamMepuTe OT HaM-BHTPEITHATE CTAHIINN H
0k0J10 150 pm 3a BCHYKM OCTaHAJMU CTAHIIWHU, KATO 3aBUCH OT 'bI'bJIA, MOJI KOUTO MIOOHBT
npecuda JieTeKTHpaliaTa paBuuHa. Pa3geauTentara cmocobnocT mo Bpeme e 6 ns.
Cucremure ot DT u CSC mokpuBar XepMeTnaHO paiion 10 |n| < 2.4, KoeTo cromara 3a
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IpaBUIHATA UACHTH(DHUKAIINA HA MIOOHUTE B HHTEepBaJ, ChoTBeTcTBaIL Ha 10° < 6§ < 170°.
EdexkTupaocTTa 38 peKOHCTpyUpaHe Ha MIOOHHHTE TPEKOBe € OT mopsabka Ha 96% —99%.
I/I3KJHOLIGHI/IH Ca e JMHCTBECHO paIyIOHI/ITe7 CbOTBETCTBAIIIH HA JIbeTOBeTe MezKAy MIOOHHUTE
DT craumuu (|n| = 0.25 u |n| = 0.8), KAKTO U NPEXOAHUTE PAFOHHN MeXKIy KpaiiHuTe Iu-
JUHJPUYIHA TPBCTEHH U JIHCKOBeTe oT 3aTBapsiure dacru [18]. KoiudectBoTo abeopbu-
pall MaTepuaJl IIpeau IbpBaTa MIOOHHA CTAHIUS € JOCTATHIHO 33 J1a PeAyIupa IPUHOCA
HA YACTHIM OT ,ONAINKUTE" Ha aJpOHHUTE JIABUHHU, PA3BUTH B MIOOHHATA cucTeMa. Te3u
JaCTHIU MOraT Jia ObjarT uaeHTUuUIIPAHN [0 T'PeIiKa KaTo MIOOHU. TeXHUSAT IPUHOC e
0K0J10 5% OT BCMYKHM 9acTUIU, JOCTHTAIIM IrbpBaTa crtannusg u g0 0.2% or wacrunnre,
KOHUTO JIOCTUTAT OCTAHAJUTE CTAHIUU.

LHC yckopsiBa CHOTIOBe, B KOUTO YacTuruTe (IPOTOHU U OJIOBHHU sIIpa) Ca pasmpe/ie-
JIHH B OTJEJIHU TPYIIH, pa3JaJedeHy eJiHa OT ApyTra Ipe3 olpejiesieH BpeMeBH HHTePBaI.
Bb3MokHOCTTA HA MIOOHHUTE KaMepH [a JaBaT Obp3 W J00pe jJedUHUpAH CUTHAT € OT
KPUTUYHA BazKHOCT 1IpU (DOPMUPAHETO HA PEHICHUETO HA MIOOHHUS TPUIED U HPUBbLP3-
BaHETO Ha C’b6I/ITI/IHTa IO BpeMe.

2.2.3 Kawmepu cbe cbnporuBuresan miockoctu (RPC)

3a j1a ce ocUrypu HEeJIBYCMUCJIEHO acONUUpaHe Ha ChOUTUSITAa K'bM KOHKpETeH CO/Ib-
CbK U CHHXPOHU3UPAHETO 10 BpeMe Ha CUTHAJIUTE, (DOPMUPAHU OT NPEMUHAJTUTE IaCTHIIH
B Pa3IMYHUTE MIOOHHH CTAHIIMH, BPEMETO 3a HPUCTUTaHEe HA JOKAJTHUS CHTHAJ OT OTIEJI-
HUTE JIETeKTOPU TpsiOBa ja ObJe MHOTO MO-MaJIbK OT 25 ns, T.e. Ja € OT HOpaIbKa Ha
HAKOJIKO HaHOoCeKyH iu. HeobxomumocTTa OT KOPEKTHO aconMMpaHe Ha ChOUTHUATA KbM
najeH cOMbCbK, 0CO0EHO B yCaIoBHATA Ha BHCOKa cBetuMocT Ha LHC e npuunna wa CMS
J1a, ce M3TPaIN JTOMbJIHUTETHA TPUTEPHA CUCTEMA, BKIIIOTBAINA JETEKTOPHU ¢ ObP3 OTKINK
U OTJIMYHA, Pa3JIeTUTEIHA CIIOCOOHOCT 110 BpeMe, a KMEHHO CUCTeMAaTa OT KaMePH C'hC C'bII-
porusurentu mwiockoct (RPC). RPC ca pasnosioskeHn KaKTo B IEHTPATHATA YACT, TAKA U
B JIBeTe 3arTBapdAiiy 4acTu. B nmimaapuanara gact Ha gerekropa RPC ca pasmosioxkenu
B 6 mocJie1oBaTeTHU HUBA, KATO HA IIbPBATa W BTOPATa MIOOHHA CTAHIUS CA PAa3IOJI0-
enn 1o gpe HuBa ot RPC (npeam u caen kamepure ¢ DT). Ha Tperarta n wersbprara
MIOOHHA CTAHIH Ca PA3nogoxkenu mo eauo auBo or RPC (durypa 2.7). Beska eqna ot
3aTBAPSIIATE YaCTH Ha MIOOHHATA CHCTEMa € M3rpajieHa OT 3 JUCKa, PA3NOJIOKEHHU Hep-
HEH/UKY/ISIPHO HA OCTa HAa CHOIA, KATO BCEKU €JUH OT JUCKOBETE € Pa3JejieH HA TPHU
KOHIEHTPpUIHEN Kpbra. B 3arBapamure vactu RPC ca pasnosioxkenn camMo BbpPXY BTODHUsI
U TpeTusi MPbCTEH Ha AuCKoBeTe. bBjaromapenwe Ha OTIWYHATA BPEMEBA Pa3/IeIUTEHA
crocobHOCT, mo-106pa ot 3 ns [17| cucremara ocurypsiBa 6bp30 U HE3ABUCHMO TPUTEPHO
pemenune n cunxponnsanus ¢ LHC. Cucremara or RPC nokpusa paiton 1o mnceBaotbp3u-
Ha 710 |n| < 1.6. Cheron ce ot 480 KaMepu B MEHTPATHATA YACT, KOUTO MOKPUBAT AKTHBHA
mwiomg ot 2285 m? 1 432 KaMepu B 3aTBAPAIINTE YACTH, KOUTO ITOKPUBAT ILIONI 0T 668 m?
[19]. Tosa mpasu RPC wmaii-roisivara merektopra cucrema, ydacrsama B CMS. Kawme-
pure, u3nonssanu Ha CMS umar aBynporenen qusaita. /IBynponentus qusaita (burypa
2.13) BKJIOYBA [BA €IHOMPOIENHN MOJYIa MOHTHDAHU €IWH BbPXY JIPYT, KOUTO HMAT
OOIIU CUTHAJTHU €JIeKTPOJIH.

ChHIPOTUBUTEIHATE IIOCKOCTH ca ¢ AeOe/MHa OT 2 mm U ca u3paboTeHu OT DAKeIuT.
Pabornara razoba cmec e TpukomnonenTHa 1 BKI0YBa 95.2% Freon ( CoHoFy4, ussecren
ome karo R134a), 4.5% wuzobyran (i-C4Hy) u 0.3% cepen xekcaadayopun (SFg). Cre-
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Qurypa 2.13: Cxema Ha JIBYIPOIENHA KaMepa ChC CHIPOTHBUTETHU MJIOCKOCTH C JBA
OT/IeJTHU MOJIYJIa - TIPejieH U 3aJeH

nupUIHOTO CHIPOTHBAeHNE Ha DaxenanTa ¢ okoso 101 Q.cm u e mo-nucko B cpaBnenue ¢
TOBa, HA CTHKJI0TO. J|0OaBsIHETO HA BOJIHU MApU K'bM PabOTHATA CMEC, TaKa 4e /ia Ce MOC-
THUI'HE OTHOCHUTEIHA BIAXKHOCT Ha cMecTa 0T 0KoJ10 40% — 50%, m03Bo/1sBa T0IIbIHETEIHO
KOHTPOJIUpPaHe Ha IMOBbPXHOCTHOTO ChIPOTUBJIEHNE HA OaKeInTOBHTE ILI0CKoCTH. [Iporme-
I'bT MEXKIY JBeTe IUIOCKOCTH € 2 mm. BLHITHHTEe MOBLPXHOCTH Ha JIBETe IIOCKOCTH Ca
HOKPUTH C ThHBK T'PahUTEH CJI0H, BbPXY KOHTO Ce Mpuaara 3aXPaHBali0 HAPEZXKEHUE OT
okoJ10 9.6 kV [17], [19], [20]. Mexy miaockocTuTe ce ¢h3aaBa CHIHO €JIeKTPHIHO TOJIEe OT
nopsgabka Ha 5 kV/mm. Ilpu npemMuHaBaHeTo Ha 3apejieHa JaCTUIA MPe3 TyBCTBUTEHH-
Te 0DeMH Ha KaMmepara, 3all09Ba HoHH3alusa Ha paboTHUS ra3 U ce WHUIMHPA Pa3BUTH-
eTO Ha eJIeKTPOHHHU JIABUHM B JIBaTa Ipomena. Ilpu IBHKeHHeTO cH 1oJ JeficTBHETO Ha
HPUJIOKEHOTO €JeKTPUIHO MOJIe, 3aPeJeHNTe YACTUIM OT JIABUHATA WHIYIHUDPAT CUTHAJ
BbPXY CUTHAJHUTE eJIEKTPOIN, KOUTO C€ HAMUPAT U3BbH CHIPOTHUBUTE/THATE MLJIOCKOCTH.
CurHajTHETE €JeKTPOJIK ca OOIMHM 3a JBaTa eTHONpONenHn MOIyaa. OCHOBHO IPeIuMCT-
BO Ha JIBYIIPOIEIHUS MOJE] € yBeIndaBaHe Ha WHIYIMPAaHHS CHUIHAJ, IPH 3ala3BaHe Ha
CTOMHOCTHTE Ha 3apsia B OTIEJHHTE MPOIENH Ha CHIMUTe HUBA KAKTO B €IHOIPOIEIHHU-
Te Kamepu. Kamepure onepupar B JIABUHEH PEXKHUM, KOETO MM OCHIYPSBA Bb3MOZKHOCT
Ja (PYyHKIMOHUPAT B YCJIOBHs HA MOIIEH MOTOK OT foHumsupamu yactunu ~ 1 kHz/cm?.
['pannvaHnTEe CTOWHOCTH HA MOTOKA YACTHIIN, TPU KOWTO MOTAT JIa OEPUPAT KAMEPUTE Ce
olpejiesist OT BpEMeTO HeOOXOIUMO 33 JIOKAJIHO Bb3CTAHOBSIBAaHE HA €JEKTPUIECKOTO II0-
Jie cJie]l pA3BUBAHETO HA €JIEKTPOHHA JIABHHA B UyBCTBUTEJHHs 00eM Ha Kamepara ([21],
22]).

Kamepure B meHTpaJiHaTa 9acT UMAT IPABOBLI'bIHA F€OMETPHS U IMMPHHATA Ha CHUI-
HAJIHUTE eJIeKTPOIM Bapupa oT 2.3 ¢In 3a KaMepuTe OT Hali-BbTpeNiHuTe cTannun 10 4.1
CI 3a KaMepuTe OT Haid-BbHIIHUTE CTaHIun. KaMepuTe B 3aTBapANINTE YACTH Ca C Tpalle-
[OW /1A THA TeOMETPHS U 33 TSX IMUPUHATA Ha CUTHATHUTE e/IeKTPpoau Bapupa or 1.7 cm 3a
CTAHIUUTE, PA3MOJIOKEHN HA-0/1130 j10 Tpbbara Ha cHOMA, 10 3.6 cm 3a Hal-BHHITHATE
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CTAHIIUH.

Beska kaMepa ce ¢hbCTOUM OT JTBa WJIM TPHU JABYTPOIEITHN MOJIYJIa, 3aXBAHU Upe3 aJIyMHU-
nueBu npoduan. B nenrpaanara yact ca pasnosoxenu 1020 TakuBa Mojysia, a B 3aTBa-
pSAInTe 9acTu ca pasnosioxkenn 1296. Beceku eqnn aBymporeneH MOy 1 uMa 10 96 meau
CUTHAJTHU eJIEKTpo/ia (CTpuIoBe). Bpodr Ha CUTHATHATE €JIeKTPOIH B IEHTPATHATA YaCT
Bb3sn3a Ha 68136, a B 3arBapdamuTe YacTu TexHus O6poit e 41472 [19]. Taka 3a ngnara
cuctema ot RPC Oposar Ha KaHaauTe, Mo KOUTO ce deTe HHMOpMAIHs OT JeTeKTopa Hal-
xpbpag 10° . TIpuHIUIGT Ha JleficTBHE Ha KaMEPHTE ChC ChIPOTHBATEIHA IIOCKOCT €
pasrjiefian mo-1moApooHO B TJIaBa 3.

2.3 3akJjroyeHue

B ra3u riaBa e mpejcTaBeHO HAKPATKO YCTPOMCTBOTO HA JETEKTOPHATA CHCTEMAa Ha CK-
cuepumenTa CMS. O6bpHATO € BHUMAHWE HA MPEIHA3HATEHNETO U MPUHIUITBT HA JIeHC-
TBUE Ha OTJeJHuTe mojcucTeMu. OcobeH aKIEeHT e IMOCTaBeH BbPXY MIOOHHATA CHCTeMa
Ha CMS, Tbit KaTO pe3yiaTaTuTe B Ta3W JUCEPTAIUs Ca CBbP3aHW MPEJIUMHO C aHAIU3
Ha JIAHHW OT MIOOHHHUTE jneTekTopu. Ha 6a3arta HAa eKCHepUMEHTAJHH MIOOHHU JAHHU €
aHaJM3upaHa paborara Ha CUCTEMATa OT KaMePH CbC ChIPOTHBUTEIHA TI0CKOCT. [Ipes-
BaPUTEJIHO MOJ0PAHA YaCT OT MIOOHHUTE JIAHHN € U3MO/I3BaHa DU aHaIH3a Ha ChOUTHI ¢
JIBa MIOOHA B KPATHOTO CHCTOSIHUE, C TeJT ThbpCeHe Ha YaCTHIIA U B3aUMOJIEHCTBUS U3BDH

CM.
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I'taBa 3

Kamepu c¢be cbIpoTUBUTEIHA IIJIOCKOCT

Taszm rnaBa uMa 3a e Ja IPeJJCTaBH NPUHIUIBT Ha JefCTBHE HA KaMEpPUTEe ChC
CBIPOTUBUTETHA TLIOCKOCT. 34 TeJITa € HAIPABEHO KPATKO ONMHMCAHWE HA MEXaHU3MbT Ha
pa3BHUTHe Ha €JIeKTPOHHY JIABUHE B ra30Be W WHIYIUPAHETO HA CUTHAJ BBPXY CHUTHAJI-
HHUTe eJIeKTpoau. B Kpas Ha riaBaTa e mpejcTraBeHa KiaacupUKAIUsa Ha KaMEPHTE ChC
CHIPOTUBUTEHU TIOCKOCTH. [IpencraBeHa e HAKPATKO MOTHBHPOBKATA 38 M3MOJI3BAHETO
HA KOHKDETHHS TeXHOJIOTHYeH au3aiin Ha cuctemara or RPC ma CMS.

3.1 Ilpuanun Ha JeiicTBUe

Kamepure ¢b¢ ¢bOPOTHBHTEIHA ILIOCKOCT Ca IIPOTOYHHU Ta30BH JeTCKTOPH Ha io-
Huzupany dactuiin. [lo Obp3una 1peBb3X0xKiaT CIUHTUIATOPUTE U uMar J100pa 1poc-
TPAHCTBEHA pazjeauresta crnocobnoct. TaxHara KOHCTPYKIMS W MPUHIUI Ha jeificTBIe
ca OTHOCHTEJIHO MPOCTH. 1€ ca M3TPaJeHu OT JBe HapaJeIHH IJIOCKOCTH ¢ BHCOKO CIe-
nuduyno cbuporusienue (1010 — 10 Q-cm), mexk1y KouTo ce dopMupa TeceH Iporel,
3aI'bJIHEH ¢ paboTeH ra3. BbpxXy BLbHIIHATA CTpaHa Ha ILIOCKOCTUTE ce HaHacsa rpaduTen
CJIOH, K'BIIETO ce MoJaBa 3aXpaHBalloTO Hallpe:KeHHe. BLpXy rpadgura e HaHeceH M30J1a-
IIUOHEH CJIOH, BbpPXy KOHWTO Ca pa3IoJIOKeHN CUTHAJHUTE eJIEKTPO/IH, KOUTO OOMKHOBEHO
ca n3paboTeHu OT MeJHO WM aJyMUHHEBO (oJn0. B HAKOM C/lydan BbTPEITHATA MTOBbLP-
XHOCT Ha CBLIPOTUBUTEJHHTE IUIOCKOCTH € HOKPHTA ¢ ThHDBK CJI0I JIEHCHO MaC/I0, KOTO
CJOYZKH 3a 3arjazkjaHe Ha HepaBHOCTUTE ¥ II0 TO3M HAYMH CIIOMara 3a HaMaJdBaHe Ha
IIyMa Ha KaMepaTa B Pe3yJITaT Ha Caydaiinu paspsiu|23].

ITpu mpeMuHaBaHe Ha 3apejeHa 4acTHIA Mpe3 IyBCTBATEJHHA 00eM Ha Kamepara B
paboTHUA Ta3 ce o0pasyBaT eJeKTPOH-HOHHHM nBOHKHW. Ilom feficTBhe Ha CbH3IaIeHOTO
eJICKTPUYHO II0JIe eJIeKTPOHUTE 3al04BaT /14 Ce JBHKAT KbM aHOJIa, a ITOJOKHUTCTHATE
floHM K'BbM KaTofa. AKO eJIeKTPUYHOTO IHOJe € HaJl HAKaKBa OIpeJe/eHa TPAHWUIa, IIpH
ABU2KEHUETO CHU CJICKTPOHUTE H36I/IBaT APyru eJIEKTPpOHU OT aTOMMUTEC HA pa6OTHI/I${ ra3s,
KOETO MHHIUHUPA PA3BUTHETO Ha eJeKTPOHHA JIaBHHA. [[BUKEHHETO Ha 3apejleHHTe Jac-
TUIM WHIYTUPA CATHAJ BbPXY CHIHAJHWUTE esleKTpoan (dburypa 3.1).

BepoaTHocTTa 3a n30MBaHe Ha €JICKTPOHM OT aTOMHTE Ha Ia3a Ha eJIMHUIA PA3CTOSHUE
ce xapakrepusupa ¢ mbpsug Koebunment Ha Taymsens (Townsend) a m moxke ga ce
zamuire ¢ dopmyaara [23]:

(3.1)

o =

1
A
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Qurypa 3.1: Cxema Ha €UHUYEH ra30B MPOIEN W IPUHIKI Ha JeficTBHE HA KamMepa C'bC
CBIIPOTUBUTEHA TLIOCKOCT.

KbeTo A e cBoboHUS TTPOGEr Ha YACTHIMTE B JajeHara cpega. JacT OT eJeKTPOHUTE
MoraT Ja ObJaT 3aXBaHATH OT MOJIEKYJIHTE Ha cpejaTa. KdekTuBaugT Koeduiment Ha
TayHu3eH1 B TaKbB cIydail MOKe Jla ce W3pa3y KaTo:

n=a-p (3.2)

K'bJIeTO 3 Ce ONpe/iesisi OT BEPOSITHOCTTA 33 3aXBalllaHe Ha eJeKTPOHHUTE OT cpeaaTa. AKo
O3HAYUM Hada HHUs Opoil eJIeKTPOHH C Mg, TO CJIeJ H3MIHATO Pa3cTogHre dX MpoMsHATa
B OpOsI €JIEKTPOHH I1e O'be:

dne = nondx (3.3)

3aBUCHUMOCTUTE Ha IMbPBUs KoeduiueHT Ha TayH3ena n koedHUIueHTa Ha 3aXBallaHe
OT NMPUJIOZKEHOTO €JIEKTPUYHO 1I0JIe Ca NOKa3aHu Ha ¢urypa 3.2 3a pazjuunu pabOTHH
ra30BH CMECH.

Heka 3a onpeeieHOCT j1a TPEAMOI0KAM, 9e TOUKATA T JEKI B paBHUHATA HA KaTOIa
U HEeKa eJIeKTPOHHUTE ce JBHUKAT MEPIEeHIUKYJIAPHO Ha IJIOCKOCTTa Ha anoja. IIbanudar
Opoii eJIeKTPOHU N, B JIJABUHATA Ha PA3CTOSHEE T OT KaTOIa MOKe J1a Oble HaMepeH KaTo

ce MHTEerpupa ypaBHEHUETO 3.3:
Ne = nge" @) (3.4)

nJjim:

ne = ngMe@=0) (3.5)

KbJeTOo KoeunueHTsT M oruynra cratuctTudeckute QIYKTyalnun Ha Opos eJIeKTPOHU B
JIaBUHATA.

Bennuunara

G = ") (3.6)

no

ce Hapu4a Ta30BO yCUIBAHE.
[Tpu fionuzanusita Ha paboTHHS Ta3 ce 00pa3yBaT KJIbCTepHu OT CBOOOIHU €JIEKTPOHHU 1
fionn. Heka n; 1 x; ca Opod eIeKTPOHU B j-TUs KJI'bCTEp U ChOTBETHO HeroBaTa HauvaJIHa
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®urypa 3.2: Koedunuenr na Taynszens (¢ HenpekbcHaTa JUHN) 1 KOSDHUIUEHT HA €J1eK-
TPOHHO 3aXBalllaHe (¢ NpeKbCHATA JHHUSA), npecMeTHarn ¢ nporpamara IMONTE [24].
C TpUbI'BIHUK, KBAJPAT WM TOYKA Ca MOKA3AHU PE3Y/ITATUTE 33 PA3JIMIHU CMECH Ha
pabormus a3 [25].

no3unusi. Heka 3a ompejesieHOCT KIbCTEphT ¢ HOMep j = 1 ce HaMmpa Hai-01m30 110
KaToma. 3apsabT HAa CBOOOTHHUTE €JIEKTPOHM OT KJIbCTEPA B TOYKA T MOXKE Ja Ce OIHUIIe
¢ dbopmyrara [26]:

Q.(x) = Qe (3.7)
KBAETO () = eiNj, & Qe € 3aPALBT Ha eJeKTPOHA. 3apsaiuTe Ha OTPULIATETHHTE ();  H
nojozxuTennuTe fionn Q;" ca:

B
Qi (:E)_UQE()

«
+
Qi (x) = —Qe(x)p (3-8)
n
bpogar ma kabcTepuTe ce omucBa Ha [loacoHOBO pasmpejesneHne, Taka de BEPOATHOCTTA
JIa HAMEPHUM KJI'bCcTepa ¢ j = 1 B HHTepBaJia OT X JIo « + dx ce OIUCBa C €KCIOHEHIIHAJIHA
3aBUCUMOCT:

P(x) = de™ (3.9)
K'bJIETO A € CpeiHaTa JIMHEHA II'HFTHOCT HA KJI'bCTEPUTE B ra3oBara cMmec. BepogrHocrra
J-THUd KJAbCTEP Ja ce HaMupa Mexiay T u x + dx e:

21

Ako 3a mpocrora IpeanoaoKuM, e PIyKTyaluuTe Ha Opos eJeKTPOHH B KJAbCTEPUTE
ce onucsar ¢ [loacoHoBo pasmpejesierne, TO BEPOSTHOCTTA KJIHCTEPHT jIa UMa pPasMep

Pj(z)dx = Me Mdy (3.10)
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MexXIy n 1 n + dn e Obie:

n

P(n)dn = 'u—'e_“dn (3.11)
n!

K'BJETO [t € CPeJHUAT Opoii eJIeKTPOHH B KrbcTepuTe. Cpeanus 3apsj Ha eJIeKTPOHUTE B
J-TUs KIbCTEp MOXKe Ja Obje U3UHUCIeHa KaTo:

(Qe(2)) = qape™ (Ly (3.12)

n+ A

3.2 HluaaynupaHe HA CUTHAJ BbPXY €JIeKTPOANTE

JIBU>KeHNeTo Ha eJIeKTPOHHUTE OT JAaBHHATA B Cb3AAJeHOTO €JIeKTPUUHO IOJIe HHIYIIH-
pa TOKOB HMILYJIC BbPXY CHTHaJHHTE ejeKTpoau. [lopaan mo-uuckara apeiidoBa CKOPOCT
OTpUIATEJIHUTE U MMOJIOKUTEJTHO 3apeJeHUTe HoHU nHAYyOUupaT 3HAYUTEJIHO IMO-MaJI'bK UM-
IYJIC BbPXY CUTHAJHHTE €JeKTPOIH, KONTO e mpeHeOpeKUM II0 OTHOIIeHHe Ha CHIHAJIA,
UHIYIIHPAH OT eJleKTpoHuTe. ['o/leMrHATa HA HHIYIUPAHUS CUTHAJI BbPXY CUTHAJIEH eJIeK-
TPOJA, B MHOTOEJIEKTPOIHA CHCTEMa MOXKE JIa e OHMpeIesIH ¢ IOMOINTa Ha TeopeMaTa Ha
Pamo [27]. aaynupanusT TOKOB CHTHAJ Ce OIpeesisi ¢ IIOMOIITa Ha TEerJIOBHU 10JIeTa U
MOXKe j1a O'bje 3amucan ¢ PopMyaaTa;

E,

i(t) = Vit N (t) (3.13)

Kbjero Vy e apeiidoara ckopocrT Ha esnekTpoHutTe, N(t) e GpoAT HA €JeKTPOHUTE B
JABAHATA B MOMEHTa t. TeraoBHOTO €IeKTPHYHO moJe F, € OnpeseseHo Iph yCJIOBHeE,
4e Ha CUIHAJHHS €JEKTPOJ € HOJAAJIeH IOTeHIuaa V,,, a BCHUKU OCTAHAJN €JIEKTPOJIM Ca
CBBP3aHM CbC 3eMs. VHaynupanuar 3apsajg BbB BLHITHATA BEPHTa MOXKE 14 Ce M3IHC/IN
KaTo Ce WHTerprpa rOPHOTO ypaBHEHWe U ce n3nosssa 3.12 [23]:

E,

7 Q@) (3.14)

Qind =

Kbj1eT0 (Q.(d)) e cyMapHUAT eJeKTPpUIeH 3aps/l, ChOpaH HA aHOJA.

3.3 BwuagoBe kaMepu CbC CbHIIPOTUBUTEJIHN TJIOCKOCTHU

Criope1 mpe THA3HAYECHUETO CU U TeXHOJOTHYHASA JTU3aHH, KAMEPUTE C'hbC CHIPOTHBUTEIHA
ILTOCKOCT Morar ja ObJaT pa3/ieieHd YCJI0BHO Ha HSIKOJIKO BUIA:

e Kamepu, paboreniu B CTPUMEPEH WX JABUHEH PErKHM;

e Kamepu, npe/iHa3HAYCHHE 3a U3MepBaHe Ha BpeMe Ha IpeJMTaHe HA YaCTHUIM HJIH
Ipe/IHa3HAYCHH 3a (DOpMUpAHE HA TPHIEp;

e CropeJi MaTepraJia - KaMepHl ChC CTHKJICHHA WK OAKEIUTEHH ILJIOCKOCTH;

C Tecen WM ¢ MIUPOK IIPOIIETT;

® KaMepH, KOUTO HM3IIO0JI3BAT T€CHH HMJHN IMHPOKU CUTHAJHHU €JIEeKTPOJIH.
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3.4 Kamepu cbC CbIIPOTUBUTEIHA IIJIOCKOCT, N3M0JI3Ba~
au Ha CMS

Kawmepure, uznonmssanun va CMS paborsiT B JIaBUHEH PEKUM, KOETO UM OCUTYPSIBA Bb3-
MOKHOCT J1a PabOTSIT B yCJIOBHE HA TOJIEMH ITOTOIH OT HOHU3UPAINH YACTHIH OT MOPSTbKA
Ha HAKOJIKO cToruH Hz/cm?. 3a pasiuka oT Kamepure, paboTelly B CTPUMEDPEH PesKUM,
UHIYIAPAHUAT CUTHAJ € ¢ [MO-MaJIKa aMILIATYIa, KOeTO HaJiara U3M0/I3BaHeTO Ha MHOIO
YYBCTBUTEJIHU TPEAYCUIBATENN U YCUIBATEJH. Bb3HUKBAHETO Ha CTPUMEPH B KaMepH,
paborelniu B JIABUHEH PEXKUM € HexkejaareHo. ToBa Hajara KbM ra3oBara CMeC jia Ce
00aBAT Ta30Be, KOUTO MOJATHCKAT PAa3sBUTHETO Ha cTpuMepu. 3a Tasu 1ea Ha CMS ce
n3nonssa cepen xekcaadayopun (SFg). HamanssaneTo Ha BEpOSITHOCTTA 33 Bb3HUKBAHE
Ha CTpUMepH MoOzKe Ja ObJle HOCTUTHATA M Ype3 pasliupsiBaHe Ha Ta3oBHsl mporern [22].
Ot apyra cTpaHna KaMepHuTe ¢ MO-TeceH MPOoIell UMaT IMo-100pa pa3aeJIMTeIHa CIIOCOOHOCT
o Bpeme. ToBa Hajlara HAMUPAHETO HA PA3yMEH OAJIAHC MEXK/Iy OTJICJHUTE IMapaMerpH.
CMS wusmon3sa kamepu ¢ aBymporenes au3aiin. [Ipomenure ca ¢ mmpuHa oT Mo 2 mm.
CurHaTHUTE eJIEKTPO/IN Ca OOIIH U Ca PA3MOJIOKEHN MeK Iy JBaTa mporena. [1o ta3u mpu-
YUHA, 3aPsIbT, HHIYIIUPAH BbPXY CUTHAJHUATE €JIEKTPOJIM € MPOIOPIUOHAJIEH HA CyMaTa
OT 3apsiauTe, KOUTO Ce WHAYIIUPAT IIOOTIEIHO OT JIBHKCHHETO Ha JIABHHUTE BbB BCEKH
eJUH OT Ta30BUTE IIPOIENH, KOETO BOIK J0 MO-BUCOK MHIYIIUPAH CUTHAJ, & CJIeI0BATEIHO
U JI0 MOBUIIABaHE HA e(PEKTHBHOCTTA HA KaMepaTa 3a PerucTpupaHe Ha 3apejieHn dac-
tur. [Ipu BUCOKUTE CTONHOCTH HA MOTOKA OT HOHU3UPAIH TACTHUIN, OT/IEJIEHUS 3apsi
B KaMepHTe € MHOI'O rojisgM. ['oJIIMOTO CHIPOTUBJ/IEHHEe HAa MaTephasa, OT KOHTO ca u3-
paboTeHu CHIPOTHBUTEIHUTE IIJIOCKOCTH MOXKe Jla Oblie Ipedka 3a Obp30TO OTBEXKIaHEe
HA HATpYNaHUs B aKTUBHUS 00eM 3apsii, W IO TO3W HAYMH JIa JOBeIe JI0 YBeJIndaBaHe
Ha M'BPTBOTO BPEMe Ha JETEeKTOPa, a ChOTBETHO U J0 HaMaJjsBaHe Ha eDEeKTUBHOCTTA HA
kamepara. Ha CMS kamepurte ¢bC CHIPOTHBUTENHN IJIOCKOCTH CE M3MOJ3BAT OCHOBHO
KaTO TPUI'€PHH JICTEKTOPHU, KOETO € HAJOXKHUJ/IO U3MOI3BAHETO Ha OAKEJMTEHHU IIJIOCKOCTH,
KOHUTO MMAT ITO-MAJIKO ChbIIPOTUBJIEHHE OT CTbHKJIOTO. [Ilupunara Ha CUTHAJIHUTE €J1eKTPO-
JIM 33 KaMepHUTe ¢ TPUTePHHU MPUIOKEHUs € OT MOPSIbKa Ha CAHTUMETPH U 32 KaMepHTe,
u3no3Banu Ha CMS T Bapupa or 2.3 10 4.1 cm 3a kamepure, PasnojOKEHN B IEHT-
panHaTa dacT u oT 1.7 10 3.6 cm 3a KamepuTe, Pa3MoOJIOKEHN B 3aTBAPAIIUTE YaCTH HA
JIETEKTOPA.

CobcerBenara pasjie/inTesiHa CIIOCOOHOCT 10 BPEME Ha, JIBYITPOIEITHUATE KAMEPHU ChC C'bll-
POTHBHTEHA TIOCKOCT, ONEPUPAIII B JIABUHEH PEKUM € OT mopsiibka Ha 2 ns [28]. Tlpu
OIpeIe/ITHETO Ha JeHCTBUTETHATA PA3/Ie/TUTE/IHA CTIOCOOHOCT 10 BpeMeM TpsbBa Jia ce 0T-
JeTaT JOIMbJHUTETHNA (HaKTOPHU KATO HEONPeIeIeHOCTHTE, KOUTO Ce JIbJXKAT Ha BPEMETO,
HEOOXOIMMO 3a PaslpoCTPaHsBaHe HA CUTHAJA 110 IbIXKUHATA HA CUTHAJHUALA €JIEKTPO/I,
KOWTO B 3aBUCUMOCT OT JIbJKHHATA MOXKe J1a BHece JOMLJIHUTEJTHU KOPEKIIMH OT II0-
paabka Ha 2 ns. OcBeH ToOBa TpsOBa Ja ce A00ABAT W HEOIPEIEJEHOCTUTE BHACSHU OT
pa3InYHUTE 3aK'bCHEHUsI Ha CHTHAJIA 10 KabeJuTe, a ChINO TaKa W OT MAJKUTE BPEMEBH
pasiuku npu dopmupane Ha curnaja. Cjen ordyurane Ha MPUHOCHTE HA BCUYKUA TE3H
edekTH, MbIHATA PA3JETUTETHA CIOCOOHOCT Mo Bpeme e no-106pa or 3 ns [17]. Tasu
CTOHHOCT € MHOTO MO-MaJIKa OT HPOIbJIXKHUTETHOCTTa Ha BpeMeBUd Ipo30opell oT 25 ns,
KOETO rapaHTHpa U IIPEeIU3HOTO KOPEKTHO aCOIMUPaHe Ha PEIrUCTPUPAHATE JACTUIH K'bM
HaJieH cOTbCDbK.
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3.5 3akJirouyeHue

B Tazu riiaBa e 00sicHeH HAKPATKO MPUHIUIIBT HA, Pab0Ta HA KAMEPUTE C'bC ChIIPOTHBUTE-
Ha miockoct. Jlajena e KoudecTBeHa ONeHKa Ha HHLYIIUPAHUS CUTHAJ BbpPXY CUTHAJTHUTE
eJIeKTPO/IU, KAKTO U Ha OCHOBHHTE (PU3MYHH ITapaMeTpPH, HEOOXOIUMH IIPH OINUCAHHETO
Ha TPUHIIUIA Ha JeiicTBue Ha KaMepute. [IpeicTaBenn ca OCHOBHHTE TUIIOBE KaMePH C'bC
C'HIIPOTUBUTE/IHA IJIOCKOCTH U TEXHUTE XapPaKTEPUCTUKU U € U3JI0ZKEeHA MOTHBHPOBKATA
3a m300pa Ha KOHKpeTHUs TexHoornden jqu3aita Ha RPC nerekropa na CMS. Pazymuns
HasIaHC MeXK Iy OT/ICTHUTE TeXHOJIOTUYIHU TapaMeTPH IMO3BOJIsIBA HA KAMEpUTE Ja padboTT
VCIIEIITHO MOBeY€e OT HAKOJIKO I'OJIMHHM B YCJIOBHUSATA HA U3KJIIOUUTEJHO BHCOKH CTOMHOCTH
HA MOTONNTE OT HOHU3UPAIIN YACTHIIH, & CHINO TaKa U Ha (POTOHHHA U HEYTPOHHHU TOTOIIH.
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I'maBa 4

Tpurep na CMS

Taszu riasa uma 3a 1es1 J1a 0O6dICHU CTPYKTYypaTa U HPUHIUIIBT HA JIefiCTBHE HA TPH-
repuara cucrema va CMS. Tlo-cnenmanno BHnManue e 00bPHATO HA APXUTEKTYpATa HA
MIOOHHUS TPUTED U B 9ACTHOCT (POPMHUPAHETO HA TPUTrepHO perenne oT cucremara RPC.

4.1 MN3uckBanmg KbM TpurepHarta cucteMa Ha CMS

[Ipu cetumoct or mopamrbka Ha 10%* cm™2s7! ce ouaxsar okono 10° cnbmTns 3a
1 s. ObembT OT JAHHH, 3AIIMCAHU 33 BCAKO cbouThHe e okoyio 1 MB. Ilpecuuanero na
cuonosere Ha LHC craBa ¢ decrora or 40 MHz, koeTo o3HadaBa, 4e Ha BCEKH 25 ns
TPUTEPHATA CHCTEMa B3UMa pelleHne Kou ChOUTHS fa ObAaT MPONYCHATH WU 3aIUCAHU.
Bpemero or 25 ns e TBbp/ie KpaTKO 3a 00paboTKa HA TAK'bB TOJIAM 00eM HHMOPMAIHs
u 3aTroBa CMS m3nosssa TpurepHa cucTeMa OT JBe HUBA - Tpurep or mbpso HUBO(L1 -
Level One Trigger) u Tpurep ot Bucoko nuo (HLT - High Level Trigger).

L1 B3uma pernienue Ha BCeKH 3.2 (4s KaTO Mpe3 TOBA BpeMe JAHHUTE C€ CbXPaHABAT B
oydepu. IIpn nmoadopa Ha cwrOuTHsa L1 m3nonspa wHGOpMAINS OT KaJOPUMETPUIHATA W
MIOOHHATa CHCTeMa M pejylupa 6posd cuoutus 1o okojo 10° B cexynna. Cien ToBa ¢b-
outusara ce u3npamar KeM HLT. Tpurepsr oT BHCOKO HUBO HpeICTABIABA KOMITIOTbPHA
depMa, KosaTo U31013Ba COPTYEPHN aATOPUTMHE 32 JOMLIHATEIEH MOA00P HA ChbOUTHSTA,
a ChINO TaKa W AJTOPUTMU 33 PEKOHCTPyHpaHe Ha (DU3MIHH OOEKTH, TPUMEPHO MIOOH,
eJeKTPOH, aJpoHHA CTPys, (POTOH Wjau jurncBama eneprus. OT ocHOBeH WHTEpec 3a du-
3UYHHATE aHAJM3Y €A ChOUTHS, B KOUTO YACTUIUTE UMAT BHCOK HallpedeH uMmiyJc. Peruc-
TPUPAHETO HA MIOOHH C BHCOK HAIpEYeH MMIIYJIC MOXKe Ja Objie YKa3aHHe 3a IIPosiBaTa
Ha uHTepecHn pusnaan dpeHoMmern kakTo or CM, Taka u U3BbH HEro, KaTo pasmnajaHe Ha
Xurc 6030H HA 4 MIOOHA, TEXKKHU PE30HAHCH, cylepcumerpust u apyru. ToBa ca cpaBHU-
TEeJITHO peIKNn C’b6I/ITI/IH 1 OYaKBaHUAT UM 6p0171 € OT NIopdaAbKa Ha He IToBeYe OT HAKOJIKO
B cekyHga. OT Jipyra crpaHa Ipu cONBbCBIUTE Ce PaxKIaT rojsgM Opoil MIOOHH ¢ HHCKH
CTONHOCTH Ha HANPEUYHHS HMIIYJIC, KOUTO €A MPOAYKT HAa pa3lajd Ha KAOHU U ITHOHH
WIH JIPYIU HUCKOeHepreTu4Hu mnporecu. Ha ¢durypa 4.1 ca moxasanu odakBaHust Opoii
chOUTHS, B KOUTO MMa IIOHE eJMH MIOOH C HAIPEYeH MMILYJIC HAJ| OIPee/IeHa MparoBa
croitoct, mpu ceetuMocT ot £ = 103*em 2571,

OuakBaHugaT Opoit Ha BCUYKHU CHOUTHUATA, B KOUTO UMa TOHE eJIUH MIOOH € OT IIO-
panbka Ha 10° B cexynma. 3a ma ce Hamaam To3:W Opoil Ha TpPHIepa ce 3a/aBa Hpar
[0 HAIPEYHW HUMITYJICH, YUSATO CTOWHOCT ce m30mpa ChbOOPA3HO MOMEHTHATA CBETHUMOCT
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@urypa 4.1: OuakBan Opoii ¢bONTHS B CEKYH/A, BKIIOYBAIIN TIOHE €IMH MIOOH C Hampe-
"eH UMILYJIC HaJl oTipejie/ien npar npu ceerumoct ot £ = 103 em™2s™! B paiiona |n| < 2.1.
PaznuunuTe reomeTpudHu GUTYPHU CHOTBETCTBAT HA PA3JIMYHH ITPOIECH, B KOUTO CEe PaK-
JIaT MIOOHH.

na LHC. Tosa manara 3aBuiiieHn W3MCKBaHUS K'bM MPEIU3HOCTTA HA M3MEPBAHE HA WM-
nysica Ha Moonnte. Mioonnara u3osanus, 6a3upana Ha U3MEPBAHETO Ha JETO3WPAHATA
eHeprud B KAJOPUMeTPUYHATA CHCTeMa, ChIMO CIIOMAraT 3a ChIIECTBEHO peaylupaHe HA
donoBuTe cHOUTHA. ToBa Hasara MIOOHHHUS TPHUTep Ja MOJIydaBa UHMOPMAIWI U OT Ka-
jopumerpudnust Tpurep. Ipyra crparerus 3a mopuinaBane Ha TpurepHara eheKTUBHOCT
e 71a Ce ThPCAT CHOUTHS, KOUTO ChIbPKAT MOBEUE OT eUH MIOOH, IPUMEDHO ABYMIOOHHH
CcHOUTHS, KOETO TI03BOJIsIBA €IHOBPEMEHHOTO 0OpaboTBaHe Ha MHMpOpMaIITa 1 323 J1BaTa
MIOOHA, JOPHU U MPH MO-HUCKH Pr.

4.2 Tpurep ot nbpBo HUBO - L1

TpurepbrT OT HPBO HUBO € M3TPaJIEH OT HAKOJIKO HHUBa - KaJOpuMeTpHUYeH TpH-
rep, [inobanen mioonen tpurep (GMT - Global Muon Trigger) u I'to6anen tpurep (GT
- Global Trigger) or wbpBo HEBO. KalIOPpUMETPUIHUAT U MIOOHHUAT TPUTED He U3BBHPII-
BaT MOI00D HA CHLOUTHATA, & UICHTHMOUIUPAT TPUTEPHU ODEKTH OT PA3IUUEH BUI, TPU-
MEPHO M30JIUPAHN WIH HEH30JMPAHN MIOOHH (B MIOOHHATA CHCTEMA) MJIN eJeKTPOHHU (B
KaJopuMerpryaHaTa cucrema). Mudopmanusra 3a moaoKeHHeTo, HATPETHNSA UMITYJIC TN
HallpedHaTa eHeprusd, a C'bII0 TaKa U 3a KAYeCTBOTO HA YeTUPHUTE Hali-T00pH KaHIuIaTa
OT MIOOHHHS M KaJOPHMETPHIHHS TPUTEP Ce M3Mpalla Ha II0OAJHHS TPHUrep. YCJIOBHUsI-
Ta, TPU KOUTO TJIODATHUSI TPUTEp MPOIYyCKa CHOUTHSATA Ce 3aJaBaT IPOrPAMHO U MOTAT
Jla BKJIIOYBAT Pa3/INYHU M3UCKBAHWUS WA KOMOWHAIMH OT M3UCKBAHHUS KbM OpOsi U BU-
Jla Ha TpPUTEepHUTE 0OEKTH B €HO ChOWTHE, K'bM TAXHOTO MOJIOKEHWE, IOJIeMHHATA Ha
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DT csC RPC
hits hits hits
local trigger local trigger
PAttern
track segments track segments Comparator
(¢1 &, n, 6‘1) (¢9 “v n, 8“) Trigger
* * <4 barrel +
<4 endcap
regional trigger regional trigger muon candidates
Barrel Track Finder Endcap Track Finder (pt, n, 0, quality)
<4 muon candiqates <4 muon cand[dates
(Pt M, ¢, quality) (pt. M. . quality)

{

{

1

Global Muon Trigger
<4 muons
(Pt, 1, ¢, quality)

Global Trigger

Qurypa 4.2: [Ipunnunua cxema Ha JeficTBHE HAa MIOOHHHUS TPUTEP OT IIbPBO HUBO.

Hallp€IHHUA UMIIYJIC WJIKX €HEePIrud.

4.2.1 L1 mMrI00HEH Tpurep

Ha ¢durypa 4.2 e nokazana npuHnuiia cxema Ha jeiicrsue Ha [J106a 10U MIOOHEH TpHTEp.
Toit ce ¢bcTOM OT TPU MOJACHCTEMH, KOUTO TIOJI3BAT HH(POPMAIUAL OT PA3JTUIHUTE MIOOHHU-
Te JeTeKTOPH - ApeitpoBU TPpHOM B MEHTPATHATA YACT HA JETEKTOPA, KATOIHU CTPUIIOBH
KaMepHU B 3aTBAPSIIATE YACTU U KAMEPH ChC ChIIPOTUBUTETHHU ILJIOCKOCTH B IEHTPAJTHUTE
u 3aTBapgammuTe dactu. [lesra Ha Tpurepa e jga uaeHTUMUIIPA ¢ BUCOKA e(peKTHBHOCT
MIOOHU ¢ TOJISIM HANpPeYeH WMITYJIC, 1A JaBa WH(POPMAINS 33 TEXHUTE KOOPIUHATH U UM-
IYJICH, & C'bIIO TaKa JIa OCUTYPsBa HEJIBYCMUCICHO acOIMUpPaHe Ha MIOOHHTE K'bM KOHKpe-
TeH cOTbCHK, T.e. JIa CHHXPOHU3UPA U3MEPBAHUATA B MIOOHHATA CUCTEMA C YeCTOTaTa Ha
npecudane ua caonosere Ha LHC. Ormmanara npocTpancrBena pa3aenTe/iHa CiocoOHOCT
Ha DT u CSC ocurypsiBa HacTpoiiBaHeTO HA OTYETJINB MPAT 110 HAIPEIHUTE UMITYJICH HA
miooruTe. OT IpyTa cTpaHa, H3KJIIYATETHO J00paTa pa3aeuTeTHa ClIOCOOHOCT M0 Bpeme
Ha RPC ocurypssar npenusHoTo acoruupane Ha chbOUTUATA 110 ObHY-KpOCcHHT. [Ipu Beako
npecudane Ha cHomopere GMT nmosydapa wHMOpMaIug 3a HAIIPEUHUS HUMITYJIC, 3apsa,
A3UMYTATHUS BI'bJ ¢ U TCEBAOOBP3UHATA 1) HA 10 4 MIOOHHU KAHINIATa OT TPUTEPUTE
Ha DT u RPC 3a nenrpannara gact Ha geTekTopa, u 0 4 KaHamgaTra OT TPUTEPHTE Ha
CSC u RPC 3a zarBapsimure wactu. Kangugarure ce npuemar or GMT ako te ca pe-
KOHCTPYHUPAHH B IIOHE J[BE CHCTEMH, a aKO He - Ce Pa34YuTa Ha HH(POPMAIUATA 38 TAXHOTO
Ka4eCcTBO, KATO KaHIUJIATHTE ¢ HUCKO Ka4ecTBO OT MpobJieMATHIHUTE PAHOHH TI0 TICEBIIO-
Obp3uHa ce oTXBBPAAT. OcBeH ToBa [106aTHUAT MIOOHEH TpUTep U3UCKBA HHMOPMAIIHS
OT KAJIOPUMETPUIHUS TPHUTED JAJH MIOOHHUTE KAH/IUIATHA Ca ChbBMECTUMH C XHUIIOTE3ATa
3a MUHUMAJIHO HoHM3mparia dactura. Muadopmanusara 3a derupure Hali-100pun MIOOHA Ce
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®urypa 4.3: Tlpunnunua cxema ua tpurepa Ha RPC - PACT (PAttern Comparator
Trigger)

m3npaia or GMT o Timobanuus tpurep (GT) 3a no-nararbina 06paboTka Ha JaHHUTE.

4.2.2 Tpurep na RPC - PACT

Cucremure or DT, CSC 1 RPC uaentudunupar MOOHHATE KaHIMIATH IOOTIETHO
KATO M3IOJI3BAT PA3IUIHH AJITOPUTMHU, B CHOTBETCTBHE ¢ TEXHOJOIUATA Ha JeTEKTOPHUTE.
Cucremara ot RPC usnosassa crenuaano pa3padboTeH TpUTrep ¢bC cCpaBHsIBaHe Ha M1abJ10-
un PACT (PAttern Comparator Trigger) [29]. Ha durypa 4.3 e nokazan npuHnunsr Ha
neficreue na PACT.

Nudopmanusra 3a cpabormimmre curnajaau ejiekrpoau ce croupa or PACT. Tpurepbr
CJIeM 32 KOpeJalus 1m0 BPeMe W MSICTO Ha MOMAJIEeHUsITA B IyBCTBUTETHUTE 00EMH Ha
RPC. Cpaboruinre CHTHAJTHE €JIEKTPOIU Ce€ CPABHSIBAT C MPEIBAPUTENHO ONPEIeTeHH
a0/ I0HU, KOUTO OTTOBApSAT Ha pa3/judYHU HAIpeYHU HMIYJICH. B nenrTpasnara gact Ha
CMS, kbaero RPC ca pasmonoxkenn Ha mect HuBa, PACT Moxke na mmenTmpuimpa
MIOOHH ¢ HHCKH CTOMHOCTH Ha HAIpPeYHUI UMIIYJIC, KATO ThPCU CHBIAICHUS B IIbPBUTE
gerupn HuBa (MoooHHN cranuu 1 un 2) Ha RPC, a 3a MIOOHH ¢ BHCOKM MMITYJICH ThPCH
C'BBIIQ/IEHUsI B TTbPBO, TPETO, TIETO U ITECTO HUBO. B BeTe 3aTBapsinm 4acTh Ha JIeTEeKTOpa
PACT tbpcu chBuagerus B Tpu or Tpute n3rpaaenn auBa or RPC. Cucremara ot RPC
e pasjiesieHa 110 MceBA00bP3uHA Ha 33 TPUIEePHH KYJIH, KATO BCAKA OT TAX € pasjeieHa Ha
144 normvyecku eIMHANNA OTTOBApSAIIK Ha BI'ba A¢ = 2.5°. CerMeHTHpaHETO Ha TpUTrepa
1o rnceBaoObp3uHa € nokaszano Ha durypa 4.4. Uudopmanusara 3a derupure Haii-n10o6pu
KaHIIIaTa OT TEHTPAJTHATA JacT U 33 KAHJAUJIATHTE OT 3aTBAPSIIATE JaCTH C€ TOABAT
HOOT/ICJTHO K'bM [ J100a/THIS MIOOHEH TPHUTep.

4.3 3akJaoveHune
Tpurepnara cucrema na CMS e u3rpajena or JaBe HUBA - Tpurep oT IbpBO HUBO, KOKTO

n0/13Ba MHQMOPMAIAATA OT OTJAE/JHUTE JIETEKTOPHU cucreMu u Tpurep or BUCOKO HUBO -
KOMITIOTbpHA pepMa, KOUTO U3M'LAHABA PA3IUYHE aJITOPUTMHU 3a TMOA00D Ha CHOUTHATA
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Qurypa 4.4: Cermenrupane aa tpurepa PACT mo nceBaodbp3unna. Ha durypara e moxa-
3ana 1/4 ot merextopa.

1 PEeKOHCTpYHpaHe Ha YaCTHIMTE - KaHIUIATH. 1 purepbr oT wbpBo HEBO L1 pemxynmpa
opoa na cnouTuata or 10° 10 75 x 10° B cexkynga a Tpurepsr or Bucoko Huso HLT
510 100 cbbuTus B cexkynga. Jdyomupanero Ha cucremure or DT u CSC or kamepu cbe
CBIIPOTUBHUTEIHH ILIOCKOCTH B MEHTPAJIHATA U ChOTBETHO B 3aTBAPAIIATE YACTH HA JTeTeK-
TOpa OCHTYPsIBA BUCOKA €(hEKTUBHOCT NPH WACHTH(UIIHPAHETO Ha MIOOHH, OIIPEIETTHETO
HA TEXHUTEe KOOPJMHATH ¥ uMIy/Icd. OTIudHaTa pa3euTe/THa CIIOCOODHOCT M0 BpeMe Ha
RPC e pemasaiia npu mpaBUIHOTO aCOIUUpaHe HA PECHCTPUPAHUTE YACTHIIM C KOHK-
peTHHsI cOIBCHK, B KOUTO ca pojeHu. /ombAHUTETHO MPEeIMMCTBO OT AyOJHpaHETO HA
rpekopuTe gerekTopu ¢ RPC e BB3MOXKHOCTTA 32 B3aMMHA IIPOBEPKA HA PE3YATATHTE
OT JIBeTe CUCTEMH, a ChIIO TaKa M BbH3MOKHOCTTA 33 KaJHOpHUpaHe Ha CHUCTEMHUTE e/IHA
CIIPIMO JIPyTa.
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Pekoncrpyupanu MooHn

QopMupaHeTo HA KPUTEPUHU 3a UACHTHMUKAINS Ha MIOOHATE U pa3pabOTBaHETO Ha
AJITOPUTMHU 33 TAXHATA PEKOHCTPYKIUATA €A OT CHIECTBEHA BAayKHOCT 33 KaueCTBEHOTO
IpOBexKIaHe Ha BCeKM enuH (bu3myeH aHans, nposexkjgan na CMS. B ocHoBara cu Te3u
KpuTepuu ca paspaborenn Ha 6azara Ha Moute Kapao (MK) monenu. Ho cien yenemsoro
craprupane Ha yckoputeas LHC B xkpasg wa 2009 rogmHa, BCe mo-BazKHU 3a MOA00PsiBA-
HETO M JI0pa3paboTBAHETO HA TE3W KPUTEPUU U 3a OIEHKATa Ha TAXHaTa eDEeKTUBHOCT,
ca pe3yaTaTUTe OT aHaJIUu3a Ha eKCIepUMEHTAJHHUTEe JJaHHH. 1a3u IJiaBa uMa 3a neJ Ja
HIpEeJICTaBH OCHOBHUTE METOJU 3a MJICHTH(PUKAIMS ¥ TPUTrepupaHe Ha MioonuTe. Pasrie-
JIAaHU ca TPpUIHHUTE 33 (POPMUPAHETO HA HIKOJIKO HADOPA OT MO-CBOOOIHU UJIH TO-CTPOTH
npasuia 3a nogaoop. IlpejcraBenu ca Merogure 3a OleHKA Ha €(PEKTUBHOCTTA HA, TE3H
KPHUTEPHH, KaKTO U 33 OlleHKa Ha M'bJjHaTa e(EKTUBHOCT 33 PerucTpupaHe, TpUrepupame
U PEKOHCTPYHpPaHe Ha MIOOHHUTE KAHTUIATH.

5.1 PekKoHCTpyKIud HA MIOOHU U BUJIOBE MIOOHHU Tpe-
KOBeE.

[IporechT HA PEKOHCTPYKITHSA HA MIOOHUTE 3aI0YBa C JOKAJH3UPAHEe HA TEXHUTE I0-
naJileHdsl B akTUBHUTe obeMu Ha jerektopure. [peiicosure Tpubu (DT) u karomaute
crpunoBu Kamepu (CSC), KATO MHOTOCTOWHU JIETEKTOPHU, MO3BOJIABA MOCTPOSBAHETO HA
JIOKAJTHA TPEKOBU CeIMEHTH B OTJ/ieJIHUTEe KaMepu. Paszjienuresnara crocobHOCT 110 Bpe-
Me Ha OTIEJHUTE AEeTEKTOPH MO3BOJISIBA, JOCTATHIHO MPENH3HO TPUBbP3BaHe HA JTOKAIHO
PEKOHCTPYHUPAHUS CETMEHT M CbOTBETHHS CO'BCHK Ha cHomoBere. JlokanHaTa mHMOpPMA-
[{s OT BCHYKH KaMepH ce KOMOMHHpPa OT PETHOHAJHHS TPHUTep OT I'bPBO HHUBO 33 BCSIKA
eIHa MIOOHHA CHCTeMa, & HH(MOPMAINATA OT BCHIKH PEIrHOHATHE TPUTEepPH ce KOMOMHUpA
OT TJIODAIHAS MIOOHEH Tpurep. JIOKaJHOTO PEKOHCTPYyUpaHe Ha TPEKOBHUTE CEIMEHTH € C
TOYHOCT OT MOPAbKa HA MAJAUMETHD, KOETO TapaHTUPa JOCTATBIHO MPEIU3HO NMbPBO-
HAYAHO OMpeJesIsHe Ha MMITYJICa Ha MIOOHHUTE. ToBa OT CBOsI CTpaHa TrapaHTUPa BHCOKA
Tpurepra edexrusroct [17].

FeomerpusTa Ha CMS € 0T M3KIIOYHTETHO BayKHO 3HAUCHUE ITPU PEKOHCTPYKIUATA, Ha
MmiooruTe. [locokaTa Ha MATHHTHOTO IOJ€ B MIOOHHATA CHCTEMa € IMPOTHUBOIOJJIOXKHA Ha
[IOCOKaTa Ha I0JIETO BbB BbTPEIIHUS TPEKOB jeTeKTop. ToBa e npuyumnHa 3a MpoOMsHATA
HA KPHBHHATA HA MIOOHHATA TPAeKTOpHsdA. K/I0UoBa poJisd IPHU ONpee/saHe Ha WMILYJI-
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ca IMaT U3MEepPBAaHUATA, HAIPABEHH B I'bPBUTE MIOOHHM CTAHIWK. Te3nM M3MepBaHHS ca
OT KPUTHUYHO 3HAUYEHWE W MMAT OCHOBEH MPUHOC TPHU ONPEIEITHETO Ha WUMITYJICUTE Ha
MIOOHHTE B 00xBaTa 10 HaKOJIKO crorud GeV/c. YeTupure MIOOHHN CTAHINH U [IPHCHC-
TBHUETO Ha CHUJIHO MAarHUTHO IIOJIE IMO3BOJIABAT HU3MEpPpBaHE€ Ha HMMITYJICUTE Ha MIOOHUTE,
HE3aBHCHMO OT H3MEDPBAHUSTA, HALPABEHHU B IEHTPAJHHSA TPEKOB IeTeKTop. MIooHHHTE
KaHIUIATH, PEKOHCTPYHPAHU eIMHCTBEHO Ha 6a3aTa Ha IONAJIeHHS B MIOOHHATA CHCTe-
Ma Cce HapudaT CAMOCTOSTEJHH MIOOHH. 3a HMIIYJICH, OIpele/eH B MIOOHHATA CHCTEMa,
0cOoDeHO 3a p; OT mopsiibKa Ha HsAKoIKo GeV/c g0 Hskoiako mecerkn GeV/c, pasmienu-
TeJIHATa CIMIOCOOHOCT € JOMUHHUPaHa OT MHOTOKPATHOTO pa3ceifiBaHe B MaTepuasa Mpean
I'bpBaTa MIOOHHA CTaHIUs. MHOTOKPATHOTO pa3ceiiBaHe B KOMOMHAINSA C YCJIOKHEHATA
KapTHHA HA MArHUTHOTO II0JIe Ca IPUYIMHA 34 BIOIIABAHE HA Pa3IeIUTeTHATA CIOCOOHOCT
IO UMIIYJICH Ha CAMOCTOSTEIHUTE HACKOCHEPIeTUIHU TPEKOBE, PErHCTPUPAHU eTMHCTBe-
HO B MIOOHHATa CHCTEMA. HO Ta3u IIpUuYrHa Ce€ HaJlal'a HU3II0JI3BAaHETO Ha I/IH(bOpMaHI/IH
OT BBTPEITHUST TPEKOB JETEKTOP, T.H. Tpekep. Beska ciiena, peKOHCTpyupaHa B TpeKepa
¢ pr > 0.5 GeV/c n rosemnna na nmmyiaca p > 2.5 GeV/c ce pasmiexia Karo MoTeH-
[UaJIeH MIOOHEH KAHIHIAT M Ce eKCTPAIOIUpa I0 MIOOHHATA CHCTEMa, KaTO Ce OTUHUTA
BJNSHAETO HA MAarHMTHOTO IIOJIe, CpeIHATa CTOMHOCT Ha OYaKBAHUTE eHEPTHIHM 3ary-
Ou 1 MHOTOKPATHOTO pa3cefiBane B MAaTEPUAIUTE HA JETEKTOPUTE. 38 PEKOHCTPYKIUS H
eKCITPANOINpDaHe Ha MIOOHHHTE TPaeKTopuu ce minonaspa Kanmawos duirbp [41, 42].
AKO 6'bﬂe OTKPpHUTO ITOHE €¢JHO ChBIa/JeHne C TPpeKOB CerMEHT B MIOOHHUTE KaMepHu, pa3-
[JIeXKTaHUs TPeK ce KBaJanHImpa KaTo TpekepeH MiooH. ChbBIaJaHeTO Ha JBaTa TpeKa
ce pasryIekJa B JOKAJHATA KOODAMHATHA CHCTEMa Ha MIOOHHATA KaMepa. 3a HECKOeHep-
reTUYHU MIOOHH Hall-100para pa3/euTe/IHa ClOCOOHOCT € Ta3u, HOCTUIHATA B TPEKepa.
Ho 3a miooun ¢ nvmyscu vag 200 GeV/c n ocobero 3a ummyJicu, ot nopsiabka Ha TeV /c,
pa3enTe/THATa CIIOCOOHOCT HA MEHTPAJHAS TPEKOB JEeTeKTOP € OIPAHUYEHA OT HETOBUSI
pajguyc u ObP30 HAMAJsIBA C yBeJMYaBaHETO Ha mMmIysica Ha dacrurure (dburypa 5.1).
B To03m ciaydail KJIIOUOB MPHHOC UMa WHMOPMAIUATA OT BHHITHUTE MIOOHHHW CTAaHIUH.
3a mioonu ¢ ummyacn Hag 200 GeV/c Haii-n06pa pasieaureana cnocoGHOCT ¢e MOCTHTa
npu KOMOMHUpaHe Ha nHAGOPMAIHUATA OT MIOOHHATA CUCTEMAa U TPeKepa. 3a BCEKU CaMOC-
TOATEJeH TPEK, PEKOHCTPYUPAH B MIOOHHATA CHCTEMa Ce ThPCH CHBIAIEHNE B TPEKepa.
[nobamHuAT MIOOHEH TPEK Ce allPOKCHMEPA, Bb3 OCHOBA HA CJIEJINTe HA TPEKEPHHUS U Ca-
MOCTOSITETHUS MIOOH. PeKoHCTpyHpaHuTe 110 TO3M HAYWH MIOOHHU KAHIUIATH Ce HAPUIAT
riaobaaan Mroonn |16, 18].

Oxos10 99% oT MIOOHWTE ¢ UMITYJIC, POJEHH TPHU TPOTOH-TPOTOHHU B3aWMOIeiiCTBHs
U TOMAJAIi B FT€OMETPUIHHUS aKIIENTAHC HA MIOOHHATA CHCTEMa C€ PEKOHCTPYHUPAT HJIH
KaTO IJI00a/HU MIOOHW W/ KATO TPEKEPHH, a MHOTO 9eCTO M KaTO JBATA BUIA. PEKOHCT-
pPYUpAHHUTE €THOBPEMEHHO KATO IJI00a/IeH U TPEKEePEH MIOOH, KOMTO CIIO/e T 00IIa ciea
BbB BBLTPENTHUS TPEKOB JAETEKTOP (hOpMHpAT €JIMHCTBEH KpaeH MIOOHEH Kamauaar. VM-
MyJICHT HA CAMOCTOSATETHUTE MIOOHH, PEKOHCTPYUPAHU €INHCTBEHO B MIOOHHATA CUCTEMA
ce omnpejiesis C TO-JIOIIa pasjenuTesina crocodnoct. ToBa e npuyumHaTa, MOPaJM KOATO
TO3U THUII MIOOHH PAAKO C€ U3II0JI3Ba BbB CbI/I3I/I“IHI/ITe aHaJIN3M.
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Qurypa 5.1: Pazaenuresna criocoOHOCT 110 HAIIPEYHU UMILYJICH HA MIOOHUTE, UJICHTU(U-
IMpaHe B IeHTpaJHaTa 4acT (BASBO) U 3aTBapsiure 4acTi (BAgcHO). C 4epBeH NBAT e
[OKa3aHa pas3Jie/IuTe/THaTa CIIOCOOHOCT MOJydeHa CJie)I KOMOMHUpaHe Ha WHMOPMAIUITA
OT IEHTPAJIHUs TPEKOB JETEKTOpP W OT MIOOHHaTa cucrema [16].

5.2 OmnpejesisHe HA UMILYJICA HA MIOOHHUTE

OObuyaifHUAT aATOPUTHM 38 ONpeIe/ITHe Ha HMITYJICa Ha MIOOHA M30Hpa CTORHOCTTA,
onpejiesieHa WK OT (DPUTHPAHETO HA CJie/laTa Ha TPEKePHUS MIOOH WIH OT (DUTHPAHETO
Ha cjejara Ha ryiodbaanud Mioon. CToifiHOCTTa, HOJIydeHa OT riobaHus GpUT ce u3dupa,
AKO M B JIBATA CJIydasi HANPEYHHUAT UMITYJIC HA MiooHa e pr > 200 GeV/c. B ocranaiure
caydam ce m30Upa CTOMHOCTTA Ha WMITYJICA, ONpeaesIeHa OT (pUTUpAHETO HA MIOOHHATA
cJe/ia B TpeKepa.

MmuorokparHoTro pa3cefiBaHe W NPOIECHTE HA W3/ bIBAHE MOTAT A MOBJIUSIAT BbPXY
TpaeKTOpUdATa Ha MIOOHUTE. 3a BUCOKOEHEpreTnIHunTe MIOOHU HaM-TOJIIMO 3HAUYEHUE UMaT
paJIMalMOHHHATE IIPOIECH, Thil KaTo Te BOAAT 10 Hafi-rojisiMa 3aryba Ha eHeprHusi U OCBEeH
TOBA MOTAT JIa UHUIUUPAT €JIEKTPOMATHUTHH JIABUHH, KOUTO OT CBOSI CTPpaHa IpPeIN3BUK-
BaT AOI'bJIHUTEJIHN CHUIT'HAJIM B MIOOHHUTE ACTEKTOPHU. KaTO nocjieACreue, OLCHKaATa Ha
UMITYJICA HA MIOOHA MOYKe 3HATUTETHO Ja Ce PA3ANYaBa OT HETOBATA MCTUHCKA CTONHOCT.
3a 1a ce momoOpH ONpeeITHETO Ha WMITYJICa HA BUCOKO eHepreTndauTe MoooHn Ha CMS
ca pas3spaboTeHH HAKOJKO CTPATEeruH, KOUTO MpepasIyiekKaaT riaodasHuTe MIOOHHH TPEKO-
Be, KATO OTXBDBPJIAT HAKOW OT MONAJCHUSITA B MIOOHHUTE KaMepH, KOUTO OUXa MOLVIU A
ca CJIEJICTBHE Ha eJeKTPOMATHATHE JaBuin [18].

e Tpekep witoc wbpsa MioonHa crauuust (TPFMS - Tracker Plus First Muon Station).
To3u aaropuTbM H3IM0I3BA PE3YITATUTE OT IVI0DAIHUS (PHUT, HO HTHOPHUPA BCHIKH
MOMAIeHNsT B MIOOHHHUTE JIETEKTOPH € M3K/IUYEHHEe Ha IIbPBAaTa CTAHIUS, B KOSTO
e peaJm3upaHo nomaaenne. [1o To3n HAYMH IyBCTBUTETHO C€ OrPaHMYaBa IPHHOCA
Ha CHTHAJIN, CJAEICTBHAE HA JABHHH B MIOOHHATA CHCTEMA.
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e Yyscmeumeaen dum (Picky fit). Tlpu 7031 HOAXO OTHOBO Ce pa3dnTa HA Pe3yJiTa-
THTE OT TJI00aJHUSA (PUT, HO B KAMEPUTE, B KOUTO €& CE PA3BUIN €JIeKTPOMATHUTHH
JIaBUHU C€ B3UMaT I10J BHUMaHHE CaMO IIOIaJeHudTa, CbBMECTUMU C €eKCTPaIllOJIn-
paHaTa TPaeKTOpUA. KaTO KpUTEpUN 3a pa3BUTHEC Ha JJaBUHHU B MIOOHHUTE KaMEpH
ce M3I0/I3Ba 3aCe/IBAHETO Ha ChOTBETHATA KaMepa.

5.3 UYecTo M3NoOJI3BaHU TPUTEPHU PeaJn3aiun

KaxkTo Beue orbesrsizaxme B riasa 4, ekcnepumenTbT CMS u3no3sa TpurepHa cucre-
Ma ¢ jase HuBa - HLT u L1. Cien obpaborkara Ha jgannuTe Ha auBo HLT ce craprupar
AJTOPUTMHUTE 33 PEKOHCTPYKIUS U ce hOPMUPAT PA3JTUIHH OTOIHN OT JTaHHU, ChOOPA3HO
HYKJUTe Ha Pa3IuIHUTe (PUINIHUA WJIH JTeTEeKTOPHHU aHAJU3U. 3a NMeJUuTe Ha aHATU3UTE
C MIOOHU B KPalHOTO C'hCTOSIHHE HAN-9ecTO M3MOJI3BAHUTE TPUTEPHU KOHMUrypannmu ca
,Hambaro oreorpenust tpurep” (ZB - Zero-Bias trigger), ,,Tpurep no eauandan MooHA"
(SM - Single Muon trigger) u ,Mwoon mwitoc Tpek tpurep” (MPT - Muon Plus Track

trigger).

e 7B ce nedunupa or egHoBpeMenHOTO cpaboTBane Ha npara BPTX ! monuropa B
eMH U CbI ObHI-KpocwHT. CTeneHTa Ha MPOIMYCKIUBOCT HA TO3W TPUTEP Ce TO/I-
abpka okosio 20 Hz, karo ¢ mapacrBane na cerumoctta Ha LHC, ce mpmrarar
pazauaHn MamabHu HakTopu (T.e 3aIHCBa Ce BCSIKO N-TO ChOUTHE, K'bIETO N € Ma-
mabupamust dakrop). Janaure, npemuHann npes ZB Tpurepa dopMupar mHKIY-
3WBHA M3Ba/IKa OT MIOOHHH CHOUTHWS, U3MOJI3BaHA 32 U3CIeBaHe Ha KHHEMATHIHHTE
XapaKTEePUCTUKN HA MIOOHHUTE - HAIIPpeYeH WMITYJIC U bIIOBU Pa3IpeIeeH s.

e SM IIponyckar ce camo ¢bOUTHUS, ChIbPZKAIILY IIOHE €JIHH MIOOH ¢ HAIIPpeYeH UMITYJIC
HaJ TpeIBapuTeIHO 3a1a1eH npar. CTofiHOCTTa Ha KOHKPETHHS IIpar 3aBUCH OT CBe-
tumoctTa. [Ipe3 no-rosramara yact na 2010 r nparbr Oeme dukcupan Ha pr > 15
GeV /c. Coburngara, npomycuaru ot SM Tpurepa hbopMupaT OCHOBHESI 00€M OT JaH-
HHU, U3I0JI3BaHU 3a PU3NUYEH aHAIU3 Ha CHOUTHUM, ChIbPZKAIIY MIOOHH B KPailHOTO
cberodnue. lpu mpunarane Ha MOAXOIAINA CEIEKINUA OT TAX ce IMOAOUPAT MIOOHH,
ponaenu npu pasnagane Ha W win Z 6030ouu. Taka nmomOpanuTe JaHHU ce U3MOI3BAT
3a Olpe/JIe/IsiHe HAa TeOMeTPUYHATA U TPUrepHaTa e(peKTUBHOCT Ha JIeTEKTOpa, KAKTO
U 3a ompejeadHe Ha e(PeKTUBHOCTTA HA PEKOHCTPYKITHUS.

e [lesra na MPT Tpurepa e na ce nosuriu edexruBHocTTa npu cbdbupane na J/y
crbuTus. Toit mponycka chbOUTHS, TPU KOUTO JIBA MIOOHHU TPEKa, C TPOTUBOIIO/I0XKEH
3HaK MoraT ja ObjaT KOMOMHUDAHW B JBOIKA ¢ MHBAPMAHTHA Maca OKOJIO MacaTa
Ha Me30HA J /1.

Bewuku mioonnun tpurepu, usnoassanu mnpes 2010 1. nponyckaT chbOUTHA, KbIETO MIO-
OHHUS KaHJIHUIAT ce HaMUpa B pailoHa, ChOTBETCTBAIIL HA MHIHOTO Te€OMETPUIHO MOKPUTHE

IBPTX (Beam Position and Timing for LHC experiments) ca 1eTeKTopH, KOUTO Ca OT U3KIIOUHTETHA
BaXKHOCT 3a cunxponusupanero no speme mex gy CMS u LHC. Te ca pasunosioxkenu B aBara Kpas Ha
JIETEKTOPHUSI KOMILIEKC ¥ OTYUTAT BPEMETO W TIO3UIMATa HA CHOMa mpu Hasauzane B CMS.
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Ha MrooHHaTa cucrema (|n| < 2.4). Ilpu dopmupane Ha KpaiiHaTa U3BaJKa, K'bM BCHIKH
IPEMUHATA CHOUTHA TIPE3 TPUTEepa, € HAJIOXKEHO JOI'LIHATENIHO YCAOBHE 33 HAJNIHC HA
[OHE €JIUH PEKOHCTPYUPAH II'bPBUYEH BPbX HA B3auMOJEHCTBHE, OTJAJEYEH 10 2 Ha HEe
nosede oT 24 ¢cm OT TOYKATa Ha IpeCcHMYaHe Ha CHONOBETe, & B PABHUHATA I' — ¢ Ha He
moBede OT 2 cm.

5.4 MK mapau m kjgacudukaiymsa Ha MIOOHHATE B TIX

Bceku equn anain3 Ha eKCIEPUMEHTAJTHU JaHHU 33 bJIXKUTEJTHO CPABHABA IOJIYYe-
HUTE PEe3yJATaTh ¢ pe3yarature, nmoaydenn or MK momenupanu cnouTus. B 3aBucumoct
OT MOJEJUPAHUTE MIPOIECH Ce M3MOJA3BAT PA3IUYIHHA T'eHepaToOpH Ha (PU3HIHU CHLOUTHS.
3a remepupane Ha tf ¢LONTUS WM 3a FeHepHpaHe Ha MHOTOCTPYHHH CHOMTHS € H3IOJI-
3Ban reneparopa PYTHIA 6 [36], 3a J/¢ ¢poutus - EVTGEN [38]. 3a renepupane Ha
UHKJIY3uBHU u3BaJiKu ¢ W u Z cbbuTnd, KakTo U 3a rexepupane Ha Jlpen-Aun coourus
e usnosssan reneparopa POWHEG [39], a 3a ¢cvbutus ¢ W+ anpornu crpyu wiu Z-+
agporuu crpyu e usnoiazsan MADFGRAPH [40]. IIpu renepupanero va MK u3pajku-
Te, pa3lpeje/ieHHeTO Ha MAPTOHUTE B IMPOTOHUTE CE€ ONUCBA OT HAOOPa OT CTPYKTYpPHU
dbyuxmun STEQ6L [35].

3a ummysicu 10 pr < 30 GeV /¢ Hali-roJ1siM e IPUHOCHT 0T MIOOHHU, POJIEHH B MTOJTYJIET-
TOHHHTE PA3MaJaHus HA TeKKHTE aIPOHU, KATO He MATBK € U IPUHOCHT OT Pa3IaIaHusITa
HA TO-JIeKM J[POHU WJIM MIOOHW, OT I[POHHUTE JIABHHU B KAJOPUMETPUYIHATA CHCTEMA.
Mroonure, pomenn or pasmnajganug Ha W u Z pomuHupar npu mmnyiacu or pr > 30
GeV /c. B MK monesnnpanuTe ¢hbOUTHS, BCIKO MOTMAJEHHE B MIOOHHHUTE JIETEKTOPH MOKe
J1a O'bJie acOIMUPAHO HEJIBYCMUCJIEHO ¢ YacTHIIATa-MalfiKa Ha PEKOHCTPYUPAHUS MIOOHEH
KaHauaaT. ToBa Mo3BOJIsIBa KJIACU(PHUIITPAHETO HA PEKOHCTPYUPAHUTE MIOOHHU B CJIETHUTE
HSIKOJIKO KATE€rOPUM:

e [Ispsunnu mioonu (prompt muons). ToBa ca MIOOHH, DOJIEHU BCJIEJCTBHE HA MbPBHY-
HUTEe B3aUMOJEHCTBUS TPU MPECHIAHETO HA MPOTOHHUTE CHOMOBe. Te ce mosBsIBAT
OCHOBHO OT paznaganusara na W wmm Z 603onu, or Jpen-dAu npounecu win wjiu
pazKjiaHe Ha TOM KBaPKH.

o Miwonu om paznadu na adponu, coBPHCAULL MENHCKU KEAPKUY, G CBWO MAKA U OM
pa3nadare Ha T Aenmon. B ToasMa 9aT oT caydanTe, MIOOHHUTE, POJIEHN OT Pa3ma-
Jane Ha b ajponu, BKJIIOYBAT B cebe CM MIOOHH OT JIMPEKTHU pa3nalaHusd, a TaKa
C'BINO U OT KacKaJHu b — ¢ pasmnajanus, KAKTO U OT KaCKaJIHH b — 7 pa3naJaHud.

o Mrwonu om pasnadu wa cdporu, csdspacauyys seku keapku. B Ta3m Kareropus mo-
majiaT MIOOHWTE, POJEHN OT paslaJaHeTo Ha JIeKW aJpOHU, HpuMepHO K mim m
Me30HH. B Tasm m3BajIKa MPUHOC UMAT W MIOOHUTE, OT pa3NaJaHudTa Ha JacTHIN-
Te, POJICHH B si/IDEHUTE PeaKIuy ¢ MaTepuaJia Ha jerekropure. Kibm tasu kareropusi
ce NPUYNCJABAT U aJPOHUTE, YNUTO MOUAIEHNUS BbB BHTPEITHUS TPEKOB JIETEKTOP
ca ChBIAJIHATH TI0 I'PEINKa, C TMOMa/IeHNsI B MIOOHHHUTE KaMepH.

e Ocmanru om adponnu aasuny (hadron punch-through). B Tasu kareropust monaaar
MIOOHHU KaHAUAaTH, YUUTO IIOMaJdCHUA B MIOOHHUTE AETEKTOPH HE Ca peaJIU3nPpaHn
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OT MIOOHH, a OT JAPYI'W YJaCTHIM, POJEHU B aJPOHHH JIaBMHH, KOMTO H€ Ca IIOI"bJI-
HaTHU U30AJI0 B KaJIOPUMETPpUYIHATa CUCTEeMa U Ca YCIIeJIHd Oda AOCTUTHaT MIOOHHATa
CHUCTEMa.

o /[ybsurxamu. Tyk monagar MIOOHH, Ha KOUTO ChOTBETCTBAT IOBEYE OT €IUH PEKOH-
CTpyWpaHW MIOOHHU KaHIMIaTa, KaTO TPUYMHATA 33 TOBA MOYKE Jia C€ T'bPCH BbB
BCAKa, €/IHa OT M30POEHUTE MO-TOpe KAaTeropuu WJn Jia Ce IbJKH HA HPOINYCK WJIN
HeycIleX Ha PEKOHCTPYHUpPAIIUTe aJTOPUTMU.

5.5 UWnenTudukanma Ha MIOOHUTE

B 3aBucnMocT OT HYK/IUTe Ha OTAETHUTE aHAJIU3U K'bM PEKOHCTPYHPAHUTE MIOOHHU
KaH/MJIQTH Ce NpUIarar JOIbJIHUTE/JHH KPUTEPUHU 3a 110/100P, KOUTO 0OPMAT HAKOJIKO
pPa3JIMYHU THIIA MIOOHHA cejeknusa n naeHTudukanng. OCHOBHHTE 3 THIIA Ca:

o Mexa ceaexuyua (SM - Soft Muon selection). Tlpu Tasu cesekius ce M3UCKBA KaH-
JUIATHT 72 € PEeKOHCTPYHpPaH KAaTo TPeKepeH MI0OH. JIOmbIHUTENIHO € MOMCKAHO
CHBIAJIEHUETO MEXKY EeKCTPATOIUDPAHUS TPEK W MIOOHHUSI CETMEHT B JIOKAJHHUTE
KOOD/IMHATH Ha MIOOHHaTa KaMmepa. To3m MoaXom e ONTUMU3UPAH 3a NoJAODUpaHe HA
MIOOHH € HUCBK Hampeder mummyic pr < 10 GeV/c u ce u3moi3Ba OCHOBHO BbB
dbusnaHUTe aHANN3H, U3yUdABAILM PaXKIaHeTo Ha J/1 yacrunu uiun dusuka Ha b -
aaponnte [43].

o Tsopda cesexyusn (TM - Tight Muon selection). Ilpu 1asu cesieknus ce M3UCKBA
KaHJIUJATUTE JIa C& PEKOHCTPYUpPAHU KaTo ryiodajnu Mioonu. Heobxoaumo e mnone
€JIHO OT TOTAIEHNUSATa B MIOOHHA KaMepa Ja ce BKIIUBA B rIobasaus GuT, a cjie-
J1aTa, PeKOHCTPYHpPaHa B TPeKepa J1a CbBIAJA ¢ PEKOHCTPYHPAHH CEIMEHTH B IIOHE
JIBe MIOOHHHU CTaHIWK. HalpeuHnus mpuieser mapaMeTrbp, OIpeIe/eH 0 OTHOIIeHe
Ha I'bPBHYHUS BPBX HA B3aHMoOjelicTBue Tps6Ba da Obie |dy,| < 2 mm.

Hanpeunnst npunesen mapamersp dy, (urypa 5.2), ompejeneH mo OTHOIIEHHE
Ha I'bPBUYHUSA BPbX HA B3aUMOJICHCTBHETO MEXKIY HAJUTAIIMTE IIPOTOHHU, € yI0OeH
KpHuTepuii 3a mojadoop na mioonure. Ilpu Bzanmopeiicreusta na LHC ocnoBnara gact
OT HOBOPO/ICHUTE YACTUILM CE PA3LAAAT I0YTH MUIHOBEHO, TAKa, Y€ OrPaHUYaBaAHETO
Ha HPUTEJHAA [TapaMeTbp Ha CjejaTa Moj HIKaK'bB MpPeIBapUTeHO 333/ eH Ipar
crioMara 3a oTOmpaHeTo Ha IbPBUYHKM MIOOHH. HasraraneTro Ha oOpaTHOTO YCJIOBHE
[I03BOJIsIBa OTOUPAHETO HA MIOOHH, POJICHH OT Pa3laIAHUATa HA JIbJTOKUBYIIU dac-
tunu. [lo-yanednusa npumeaeH napaMeTbp Ha MIOOHHUTE CJIeIM B TO3W CJIy4Yail ce
IBJIKE Ha dakTa, e pa3naJaHuaATa Ha Te3d YaCTUIM OOMKHOBEHO Ce XapaKTepH-
3Upa ¢ HAJMYHETO HA BTOPUYEH BPbX (HOHIKOra W ¢ TpeTudeH npu b + ¢ Kackajan),
KOWTO 3a D-ajponurte e orjaanedeH Ha okojgo H00um oT TOYKaTa HA IHPBUYHOTO
B3aHUMOJEHCTBHUE.

Trebpaara cejieknus ce U3110/13Ba4 OT MHOI'O (DU3MYHM QHAJIM3M U B YACTHOCT LPU
ONpeIeJISTHeTO HA ceveHust 3a pazjane Ha W n Z [44], Tbpcerero Ha TeKKH 6030HH,
KOHTAKTHU B3aUMOJIEHCTBUSA 1 JIP..

o Ceneruyun om nomoxa om wacmuyyu (PF — Particle-Flow selection). Anropurbmbr
3a pexkoncrpykius PF kombunnpa nadopmanuara OT BCUYKH OTACTHA JIETEKTOPHU
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@urypa 5.2: Hanpeden npuriesieH napaMeTbp 3a TBbpAu Mooonu ¢ pr > 20 GeV/c.

cucremn Ha CMS u mpociessiBa MHIAMBHIYATHO BCEKH KAHIUIAT 33 PEKOHCTPYH-
pan 0GeKT, KATO eJIeKTPOHU, MIOOHHU, (DOTOHM, APOHK UJIM HEJOCTUIAIIA HALPEUHA
eneprust. OCBeH U3pe/eHNUTE [O-TOPe IPABUIIA 33 NOA0UPaHe HAa TPEKePHU HJIH IJIO-
GaJsiHM MIOOHW Ce M310J3Ba nHQOPMAIHst OT OCTaHaJUTe JeTeKTopH. [lo-aeraiiHo
ONHCAHKE HA aJTOPUTHMaA MOXKe J1a Obe HamepeHo B [45].

n3TOoYHUK Ha Moonu B MK

Meka cestekmus %)

TBbpAa cesekiust [%]

b-ajiponn

C-aJIpOHU

JIEKH apoMaTh

OCTAHKHU OT aJPOHHU JIABUHU
JIyOIuKaTH

I'bPBUYHE

4.4
8.3
79.0
5.4
2.9
<0.1

22.2
21.9
55.7
0.2

< 0.01
< 0.1

Tabsuna 5.1: VI3TouHunym Ha MIOOHHN KaHUJIATH C HUCHK HAIPEeYeH UMILYJIC, 38 ChOUTHH,
npeMHHAJIN Ipe3 ZB Tpurep u npuiozkeHd ¢hbOTBETHO MEKa W TBBPa CEJEKIHs.

B Tabsumna 5.1 e moka3zaHO MPOIEHTHOTO ChAbPKAHIE HA MIOOHU OT PAa3IUIHUTE W3-
TOYHHUIHW, IPDEMHUHAJIN MEKa U TBbDda CeJIEeKIUA, ONCHEHN OT aHaJIu3 Ha MK JaHHHA. KaKTO
MOZKe JIa ce 3a0e/1e7KU OCHOBHUS MPUHOC ITPU MIOOHHUTE MPEMUHAJJIN MEKATa CEJEKIINIA € OT
pasmnajlanus Ha JIeKH aJpOHU, OCHOBHO K M 7 ME30HH, JOKATO IIPA TBbP/IAaTa CEJEKITHS Ce
3aCHJIBA IPUHOCA HA MIOOHH OT Pa3laJIaHUATa HA aJPOHUTE, C'hIbPKAIIE TeXKKH KBAPKH
win 7 Jentonu. OcBeH TOBa TBbPJAATA CeJIeKIUs peaylupa MPHHOCA Ha OCTAHKUTE OT
anponnn jasunu 10 0.2%, 10KaTo IpHM MeKaTa CesIeKIus TOi 0CTaBa CPABHUTEIHO BHCOK
- okos10 5%.
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5.6 KuHemMaTrnuHu pa3iipejieJieHud HA MIOOHUTE

5.6.1 Cwbbutuga, npemunaau ZB Tpurep

Ha ¢dwurypa 5.3 ca nokazanu paznpeaeneHuaTa 1m0 HAIPEUHUTe UMITYJICH, YMHOXKEHH
110 3apg/ia Ha MIOOHUTE, Pa3lpe/le/IeHUATa 110 11CeBI00bP3UHA HA MIOOHUTE, U 'bIJIOBUTE
pasnpesesieHuATa B paBHuHaTa (7, $), 32 CHOUTH, IPEMHHAIN MPe3 HAI'bJIHO OTBODEH
TPUTEDP U CHOTBETHUTE CEJTIEKITUN.

B pasmnpejienenuero no ncesnobbpsuna (durypa 5.3) 3a cbduTHsATA IPEMUHAIA MEKa
cesieKIus ce 3adesa3BaT 3aBUIeH OPOil MoNnaj eHusd Ha MIOOHU B IPEJTHUTE YacTH Ha Jie-
TeKkTopa. ToBa ce JbJKHU Ha ToJeMus Opoit Meku cbbuTns, mpomnycHatu ot ZB Ttpurepa,
B KOUTO UMIIYJCHT Ha MIOOHHTE € MO-HUCHK OT UMIIYJICA, HEOOXOIUM Ha MIOOHA Ja JIOC-
TUT'HE MIOOHHHTE CTaHIHH. VIMIyJIchT, HEOOXOAMM Ha MIOOHA 3a JOCTUTaHe Ha II'bPBUTE
MIOOHHHU CTAHIUHA B 3aTBapamuTe yactu e pr ~ 0.5 GeV /¢, mokaro 3a jocrurate Ha mbp-
BHTE MIOOHHHU CTAHIMU B HEHTpaJHATa JacT Toii e pr ~ 3 — 4 GeV/c. [lo Ta3zu npudnna
roJjisiMa 4acT OT TPEKOBETe Ha MIOOHUTE C HUCHK UMITYJIC He MOTaT Ja ObJaT ChbBIAIHATH
C HATO €JIHO IIONa ICHIe B MIOOHHUTE CTAHIIMK B IEHTPAJHATA YacT Ha jeTekTopa. KakTo
MOXKe Ja ce 3abesieKi Ha cbinaTta (purypa, TBbpIaTa CeJeKIHs PeIylupa ChIIeCTBEHO
HPUHOCHT OT AYOJUKATH ¥ OCTAHKU OT aJPOHHU JIABUHU.

ExcnepumenTtainuTe jlannu ce cbryacysar jgoope ¢ MK monena. Hakou pasMmunaba-
Husg Mexkay MK u ekcrnepuMmeHTaIHHTEe JAHHU Ce JTbJXKAT HA He J0TaM IHep@eKTHOTO
MK momenupane Ha JOKAJTHUTE JETEKTOPHHU YCJIOBHSI, KOGTO BOJAM /0 MOHUXKABaHE HA
edexTuBHOCTTA 3a HueHTHUIUPaHe Ha MeKuTe MIOOHH |18].

5.6.2 Cwbburusa, npemuHaaun SM Tpurep

Ha durypa 5.4a ca nmokazanum pasipejejeHusaTa Mo HalpedeH UMITYJIC, a Ha purypa
5.46 mo mceBnoObP3UHA 3a MIOOHH ¢ pr > 20 GeV /¢, npemMuHa M mpe3 TBbPAA CeseK-
nug. Ha cbmara ¢purypa ca nmokasanu u pazupeienenudara, noaydenu or MK mamau. Ot
anann3a Ha MK mamnm MoxKe J1a ce HAIIPaBU OIEHKATA, Ue CJIeJ MPUJIOKEHATA CEJICKITHS
HPUHOCHT OT MIOOHH, POJCHU B PA3UaJaHusATa HA JIEKUTE aJIpoHu € 1no-Maabk or 10%, a
OPUHOCHT OT OCTaHKUTE OT aJAPOHHHU JIaBHUHU € HOATHCHAT J0 OKOJIO 1% HpI/IHOC”bT oT
pasnajianusgTa Ha b-aJpoHu B pa3mpesie/IeHUeTO MO HAIPeYHU UMITYJICH HA MIOOHHUTE JI0-
MEHEDA B 00xBaTa /10 0KoJ10 pr < 30 GeV /¢, ciiel] KoeTo 3a1mouBa ja JOMUHUPA IPAHOCHT
Ha MIOOHUW OT paznajanugTta Ha W u Z 6o3onuTe. B obsactra Ha ummyacn ¢ pr < 50
GeV /¢ 6posAT peKOHCTPYHPAHU MIOOHHH KaHIUIATH B eKCIEPUMEHTATHATE TAHHU CE ChbI-
jgacyBa j00ope ¢ MK npejckazanus. [Ipu mo-BucokuTe UMITYJICH ChIVIACYBAHETO MEKy
excnepumentaaaure 1 MK nannu e B pamkure Ha 0kK010 10%, KOeTo ce IbjxKn Ha Te-
OPETUYHHUTE HEOIPEJEICHOCTU MPH IIPECMITAHETO Ha MATPUYHUATE eJIeMEHTH U Haii-Bede
Ha npuHoca Ha no-sucokn KX /I nmonpapku. Karo o6o0mieHne MoxKe 18 ce TBbPIU, 9e IIPU
JAJIeHATE TEOPETHUHN B eKCIIePUMEHTATHH HEOpPeaeIeHOCTH, ChIIaCyBAHETO MEXKIY K-
cuepumentasnure 1 MK nawau e 3ag0BojureHo B objgacrra Ha umiyiacu ¢ pr S 200

GeV/c [18].
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Qurypa 5.3: Kunemaruynu pasupejie/ieHus Ha MIOOHUTE OT CbOuTHd npemunasiu ZB Tpu-
rep W MeKa CesleKIus (BJIBO) WM TBbPAa (BAsgcHO) ceneknus. (a) u (6) Pasnpenenenne
110 HAITPEYHUTE UMITYJICH, YMHOKEHH 110 3apsija Ha Mioonute; (B) n (r)Pasmpenenenue mo
ncepno6bp3una; (1) u (e) brioso pasupenenenne B papauHata (T, @).
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®urypa 5.4: Pasmnpesesnenne mo HApevHn UMITYJICH (a) U 1O meeBnoOobp3nna (6) 3a ¢bou-
Tus, npemuHaan SM Tpurep u mroonu ¢ pr > 20 GeV /¢, mogbpanu 4pe3 TBbP/a CeTeKIUSL.

5.7 WN3ogamnga

JIpyr mapamerbp, KOWTO ce W3MO0/3Ba YCIEITHO 3a UICHTU(MUKAINSA HA MIOOHUTE €
CTeIleHTa Ha TAXHATA m3ojarus. ToBa HAKpaTKO O3HAYABA /14 Ce MOI0MPAT CaMO MIOOHHH
KAHIUJIATH, OKOJO KOWTO eHepreTHYHHsS ITOTOK € IIOJ HIKAKBO OIPeIe/IeHO HHBO, KaTo
TOBa crioMara 3a egeKTuBHOTO oTObupane Ha nbpBudnu Mioonu. Ha CMS ca paspaborenu
" Ce U3I0JI3BAaT TPpHU aJII'OPUTbMa 3a U30JIallud Ha MIOOHHUTE KaHIWAATH:

o Omnocumenna u30AGUUA 666 oMPEWHUL MpPeKos demekmop - Iy AITopuTbM BT
M3YUCIABA CKaJTapHATa CyMa OT HANPEYHUTe HMITYJICH Ha BCUYKHU CJETN PEKOHCT-
PYUpaHU BbB BBLTPENIHUS TPEKOB JeTeKTop (6e3 MMITy/ica Ha pasryekIaHus KaH-
auaar), B KoHyc ¢ paauyc AR < 0.3, neHTpEpaH OKOJIO TOCOKATA Ha JBUKEHHE HA
MooHUs KauauaaT. AR ce onpesesis OT ypaBHEHUETO:

AR = /(A¢)? + (An)? (5.1)

MiooHHHAT KaHauJaT ce CHUTa 3a U30JMPaH, aKO OTHOIIEHHUETO MEXKAY CKaJlapHaTa
CyMa OT HallpedHHUTE UMIIYJICH Ha BCUYKHU CJI€JH, IIOMaJalld B PA3IJICKIaHNA KOHYC

(6e3 coretara Ha MIOOHHUS KAH/IUIAT) K'bM HAIPEYHUST HMITYJIC HA KAHIHIATA € O]
olpejiesieHa MparoBa CTOWHOCT, Olpe/iesieHa Ha Oa3ara Ha aHaan3 Ha MK manan.

o Ommnocumenna KOMOUHUPAHA U30AGUUA - .omp. TO3W anTOpUTHM € momobeH Ha
HPEJIXO/IHKS, HO B CJIy4ast K'bM CyMaTa OT HallPEYHUTE UMILYJICH B TPeKepa ce j1006aBs
n CyMaTa OT HallpedHuTe CHepIruu 2, H3MepeHu B ABETe KaJOPUMETPpHUYHU CUCTEMH.
Ha durypa 5.5 e mokazano cpapuenune mexky MK u ekcriepuMeHTaTHO TTOJIYYCHUTE
pasmpejiesieHus Ha KOMOUHUPAHUS H30JIAIIMOHEH TapaMeTbp, OPE/IeIeH 38 MIOOHHH

Kanauaatu ¢ pr > 20GeV /¢ B ¢hOUTHSI ¢ eIMH PEKOHCTPYUPAH I'bPBUYEH BPBX HAa

: 2
’Hanpeunara eneprus Ha 4acTHLATA Ce U3UUC/IABA Karo B = (lpr|” + m?2), xbmero pr e Hamped-
HUAT UMITYJIC Ha YaCTHUIATA, a m HellHaTa Maca.
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®urypa 5.5: OrHocuTeIHA KOMOWHUpAHA H30JIalMs 33 TBLPIH MIOOHH ¢ pr > 20 GeV /c.

B3auMoeiicrue. MK u ekcriepuMeHTaJHUTE JaHHU C€ CbIJIACYBAT JI00OPE W KAKTO
MOZKe Jla ce 3a0ejiexku Ha durypara, u3ojupaHuTe MIOOHU OT pasuaju na W u 2
JIOMHUHHPAT B 00J1aCTTa, K'bJIETO CTOHHOCTTA Ha napaMerbpa € mo-majka ot 0.1.

e Hszonauua 6 nomox om wacmuuyy - Ipp. JUCKpAUMEHApAIIATA TPOMEHIUBA B CJIy-
gasg € cyMaTa OT HAIIPeYHHTE UMIIYJICH HA BCHYKH 3apeleHHd aJIpOHH, HAIPEUYHUTE
eHePruu HA BCUYKH (DOTOHU U HAIIPEYHUTE €HePrUd HA BCUYKHM HEYTPAJIHK aPOHH,
pekoncrpyupanu upe3 PF anropurbm [45] B konye AR < 0.4.

PazmepbT Ha KOHyCa W TparoBaTa CTOWHOCT HA W30JIAIUS 3aBHCIT OT KOHKDETHUS
dusmyen anasu3. Hampumep mpu ompesgensgHeTro Ha cedeHueTo 3a paxkjaane sa W u 72
[44] ce u3nonssa KoMGuHUpaHa u3oaanust B Kouyc or AR < 0.3 u mpar or 0.15. IIpu ana-
JIM3UTE, CBbP3aHH C ThpceHe Ha TeXKKH Pe30HAHCH, 0Davde, BUCOKOCHEPTeTUIHUTE MIOOHH
MOTAT JIa OTJIOZKAT 3HAYUTE/HA 9aCT OT €HEPrUsTa CH B KAJOPUMETPHUTE, KOETO HaJjara
J1a ce OTIUTa CaMO W30JMPAHETO BbB BHTPEIIHNS TPEKOB AeTekTop. [IparoBara croitHOCT
B To3u ciaydait e 0.1. Amanusure, m3yuaBamu ¢Gpus3nkaTa Ha T JenToHa uidnosa3sar PF
m3osarys B kouyc or AR < 0.4 u nparosu croifnoctr ot 0.20 mam 0.12 [47].

5.8 EdekTuBHOCT Ha PEKOHCTPYKOHUATA W HAEHTH(U-
KalsaTa Ha MIOOHU

Kpaiinara edeKTuBHOCT 3a PEKOHCTPYHUPAHETO HA MIOOHEH KaH/MJAT U HUJeHTUDU-
IIUPAHETO MYy KaTO MIOOH C ONpe/eIeHn KHHEMATHIHH XapAKTePUCTHKU (MU HAKPATKO

o1



MIOOHHA eheKTHBHOCT) MOKe Ja Ce TPEJCTaBU KATO MPOU3BEIEHIe OT HAKOJKO OTICTHU
dakTopa:

€u = €track-€rectid-€iso-Etrig (52)

KbIETO €4rqer € €PEKTHBHOCTTA 3a PEKOHCTPYHPaHE HA MIOOH BbB BHTDEITHHS TPEKOB
nerekTop. llpn HamIMeTO Ha PEKOHCTPYHPAHA CJIea B TPEKepa MOXKe Jia Ce OIpeIesIn
KOMOMHHPaHATA e(PeKTUBHOCT 33 PEKOHCTPYKIUS U UAeHTH(DUKAILIUS Ha PA3THIHATE aJl-
TOPUTMHU 32 MOM00D HA MIOOHHUTE KAHIUIATH - €reciid- C €iso CE DETIEKN e(DEKTUBHOCTTA
Ha aJIFOPHTMHUTE 33 u3osanus. Tpurepuara eeKTUBHOCT €4, OOMKHOBEHO Cce OLpeseis
3a BeYe I/I,I[GHTI/ICbI/H_[I/IpaHI/I MIOOHHU, IpEeMHUHAJIN CbOTBETHUTE U30JalIMOHHU KPUTCPDHH.

5.8.1 MeroabTt T&P

3a onpeensHe HA e(DEKTUBHOCTTA HA KOHKPETEH KPUTEPHit OONKHOBEHO Ce M3M0JI3Ba
meroabr ,Mapkupaii n npo6sait (T&P - Tag and Probe). TIpu To3u meron ce paboru
¢ JBa HAabOpa OT MIOOHH - MAPKUPAHY MIOOHU, K'bM KOUTO Ca IIPUIOXKEHH IO-CTPUKTHH
KPUTEPUHU Ha CeJeKIUsl, BKJIIOUYBAIIN CHOTBETHUS TECTBAH KPUTEPHUH U NPodHU MIOOHU,
YUATO CEJIeKIUs He BKJIOYBA ChOTBeTHUs Kpurepuii. Habopbr oT npobuu MIooHu ce 1po-
BepsiBa OTJEJIHO JaJU MpEeMWHABa WM He MpeMUHaBa TecTBanus kKpurepuii. Ha Gazara
Ha Ta3" NMpoBepka ce (popMupar JBa HOBU HaDOPa OT ,,[IpeMUHAJIN TecTa' ,,He NMPeMUHAJIN
Tecta’ MIOOHH. PEKOHCTpYHpAT ce HHBADUAHTHUTE MACH Ha JBOHKHUTE (MAPKUPAH U Hpe-
MUHAJ TecTa TPOoOeH MIOOH ) 1 (MAPKHPAH U He TPeMIHAJ TecTa mpobeH MiooH ). Haii-yecto
Ce PEKOHCTPYUPAT UHBAPUAHTHUTE MAacu HAa Z wiu J/1) B 3aBUCUMOCT OT M3CJIeBAHUSI
eHepreTuyden Maimad. bpogar na mpemunaauTe CHOUTUI MOZKE JIa C€ OlpEeJIe/ I KaTo:

Npassed - 6]\/vsignal
a Oposi Ha HeNpPeMUHAJHUTE KaTo:
Nfzzz'led - (]- - E)Nsignal

KbJeTO Nyjgnq € Opod Ha CUIHAJIHUTE ChbOUTHA B CHOTBETHUTE pasupeiesienusd. Bbs Becekn
ot/eieH OuH eeKTUBHOCTTA MOXKe ja O'bje Onpese/ieHa KaTo OTHOIIEHUeTO:

Npassed

€ =

Npassed + Nfailed

5.8.2 EdekTuBHOCT 3a PEKOHCTPYKINSA BBHB BBHTPENTHUS TPEKOB
JETEKTOP

EdexkTuBnocTra 3a peKOHCTPYKIHS HA CJACJUTE BbB BLTPEIIHUS TPEKOB JIETEKTOPD
e okoo 99% u e B 100po cbriacue ¢ edpeKTUBHOCTTA ompenenera or MK mannm. Ta e
onpegenena ¢ Meroga T&P u mosede meraitnum morar ga ce Hamepst B [48].

5.8.3 EdekTuBHOCT Ha PEKOHCTPYKINA M UAeHTU(PUKATINA

3a ompesieisine HA €p¢.yiq e udnonssan merona T&P. Karo npobnu obektu ce u3-
[OJI3BAT CJIeJ, PEKOHCTPYHPAHU B TPEKepa, TaKa 4e TeXHHUTEe XapaKTEePUCTHKU Ja He ca
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HOBJIULAHHE OT M3MEPBAHUATA B MIOOHHATA CHCTEMA. 3a OIpejie/sHe Ha epeKTUBHOCTTA 34
MiooHT ¢ pr < 20 GeV /¢ 0OMKHOBEHO ce M3MOJI3BAT CHOUTHSI BKJIIOYBAIM DA3IIaIaHusT
Ha J/1¢ Ha nBa MooHa. B T0o3u cayuail obave, komGuHaTOpHUS DOH OT APYTHUTE CIAEIH B
Tpekepa OOMKHOBEHO € MHOTO BUCOK, OCODEHO MPH CJIEJUTe ¢ HUCHK pPr. 3a e(PeKTUBHO
HO/ITUCKAHE Ha TO3U (POH KbM IPOOHUTE CJEIU Ce HaJara JOIMbJIAHUTETHO H3UCKBAaHE 1
UMaT CUTHATYpaTa Ha MUHUMAJIHO MOHU3MPAIA YACTUIA B KAJTOPUMETPUUHATA CUCTEMA.
[To To3m HaumH, KOMOMHATOPHUS (POH MOXKe Ha Oble peayIlupaH OKOJIO TPU I'bTH Oe3 12
C€ U3HUCKBa KaKBaTO U Ja € JOII'bJIHUTEJIHA I/IHCbOpMa]_[I/IH OT MIOOHHATa CuUCTEMa.

3a ompeiessiHe Ha €cqtig 32 MOOHEH ¢ pr > 20 GeV/c e ymauno jna ce H3MOA3BAT
cbOUTHS BKJIIOUBAIIKM Pa3lia/laHus Ha 4 Ha JiBA MIOOHA.

3a MIOOHH, TTPEMUHAIN TBbPJA CeJIeKIus, epeKTUBHOCTTA 3a HIeHTU(MUKAIMS U pe-
KOHCTPpYKIust € 0Koy10 98.4% B nenTpasnara 1 NPUIIOKPUBAIIATE CE YaCTH Ha JETEKTOpa
1 okos10 96.8% B Kpaiinure 3arBapsmu ce gactu 18]

5.8.4 EdekTuBHOCT HA AJTOPUTMHUTE 33 M30JIAINA

3a ompejessine eh)eKTUBHOCTTA HA AJTOPUTMUTE 33 W30JAIUs C€ W3MOJI3BAT KAKTO
MeTonbT T&P, Taka u HombIHATETHO pa3pabOTeHns 3a IMejaTa MeTon Ha ,JKuHemarudeH
nenronen mabaon (LKT - Lepton Kinematic Template). MeToabr ce ocHoOBaBa Ha mpe/i-
MOJIOYKEHUETO, Ye KMHEeMaTHKaTa Ha MIOOHHUTE OT pas3najanud Ha Z uwiaun W He 3aBucH
oT C’b6I/ITI/IHTa7 KOHUTO Ca pe3yJjraT oOT BSaI/IMO,ZLeIU/ICTBI/IHTa Ha OCTaHaJIuTE IMIapTOHU B 1IPO-
TOHUTE. T€3I/I C”b6I/ITI/IH Ca OCHOBHHA M3TOYHHUK Ha JOII'BJHHUTEJIHO ACIO3UPaHa €Heprud
B OKOJTHOCTTA HA TPAEKTOPHUSTA HA MIOOHA. llo-meraitiaa nHGOPMAINS OTHOCHO METO/Ia
LKT moxe na 6bae namepena B [49).

Ha durypa 5.6a e nokazana epeKTUBHOCTTA 3a U30JIAIMS B TPEKepa KaTo (pyHKIIUS Ha
HAIIPeYHUsl UMIIYJIC Ha MioonuTe. JIBara m3c/jeaBaHM Ipara chbOTBETCTBAT Ha Hal-decTo
M3MI0/I3BAHNTE IPATOBU CTORHOCTH - Taka HapedenuTe Meka (0.05) u rebpaa (0.1) paborHa
TOYKA Ha m3ojamnud. Te ca n3bpanu Taka, de TBbpAara pabOTHA TOYKA Jla OTTOBAPsS HA
CTOWHOCTTA, IPU KOSITO KpuBaTa Ha edeKTUBHOCTTA n3/u3a Ha miaro (dburypa 5.66). Ta
Ce M3T0/13Ba OT moBedeTo MIOOHHY aHajm3n Ha CMS, KoiiTo He BKIIOYBAT a[pOHHA CTPYS
B KpaifHOTO CbCTOgHEME. AHAIU3UTE HA CHOUTHSA C MIOOHU W aJIPOHHA CTPYS B KPAHOTO
ChCTOsIHAE OOMKHOBEHO ITOJI3BAT MeKaTa PabOoTHA TOYKA, KOATO C'HIIO OCUTYPsSBa BHCOKA
CTEIEH HA M30J/IaIUS.

C yBenmuaBane na cerumoctTa Ha LHC ce yBesm4yaBa u KOJIMYECTBOTO HA HACJIOXKe-
aute cboutus. [Ipu nabopa Ha ganaum npe3 2010 1. cpeaHusaT OpOit HA PEKOHCTPYUPAHUTE
BbpPXOBEe HA II'bPBUYHU B3ammojeiicTsuga Oemre oxkosio 2 — 3, mokaro upe3 2012 r. Toii
JIOCTHTHA CPEJHO JI0 OKOJO 15-20 B 3aBUCUMOCT OT Pa3JIMYHUTE MEPUOIU Ha Habupame
Ha jganau. Ilo tasu npuumna B CMS ca paspaboreHu pa3judHd METOJU 33 OTUYUTAHE H
cMeKJaBaHe Ha Bb3JIeUCTBHETO HA HACIOXKEHUTE CHLOUTHA B Ipoleca Ha H30/IaIus.

5.8.5 OmnpenensHe Ha TpurepHata ePEKTUBHOCT

Tpureprara epexrunoct 3a L1 u HLT ce onpenenst upe3 merona T&P moormesno
3a MIOOHHMTE, PErUCTPUPAHN B IMEHTPAJTHATA YACT, MPUIOKPUBAIIUTE C€ U 3aTBAPAIIUTE
gqactu. EdekruBHocTTa 32 Mioorn ¢ pr < 20 GeV/c e onpenenena na 6azara Ha J/1) cb-
buTus, a 3a MIOOHUTE C MMO-BUCOK HalpedeH UMIyJIC OT 4 cbhoutus. [Ipu onpesensue Ha
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®urypa 5.6: (a) EdbexkruBHOCT Ha M301aMUATa BbB BHTPEITHIS TPEKOB JETEKTOD 3a MIO-
OHH, POJIEHN OT pa3NaJaHuATa Ha Z O030HU, KaTo (PYyHKIUS HA HAPEYHHT WUMITYJIC HA
miooHa; (6) EdekTuBHOCT Ha W30JAIUTa BbB BBTPEIIHUS TPEKOB JETeKTOP 33 MIOOHHU C
20 < pr < 50 GeV /¢, pomenn or pasunajanusiTa Ha Z O030HU;

TpurepHara eeKTUBHOCT TPUTePHUTE 00eKTH (B CJIydasi MIOOHHUS KAH/THJIAT, 33 eHCTBa
Tpurepa) TpabBa Ja ObJIAT CHBIAJIHATH K'bM PEKO-00eKTHTE (B CJIydasi PEKOHCTPYUPAHHS
MiooH ). [Ipu onpenensiae Ha edpekTuBHOCTTa Ha L1 TpUrepa ce Thpcu ChBOAJIEHUE MO TI0-
3UNKs MEK/ly MIooHa 3ajeiicTBan L1 Tpurepa u pekoncrpyupanus MOOH. FeKTUBHOCT-
ta Ha HLT ce omnpemens karo npobHuTe peko-MooHH TpsiOBa ja cbBhagar ¢ L1 obekr, n
mocje ce nposepgaBat 3a cbBuagenue ¢ HLT obext. [Ipu onpenessne Ha KoMOmHIpaHaTa
edpektuBHOCcT 3a L1 nu HLT kbM npobnuTe KaHIuJIaTH ce HaJara €JIMHCTBEHO YCJIOBHE A
coBuagar ¢ HLT obGekr.

B rabauna 5.2 ca mokazanu 0000IeHN pe3yJTaT 3a €PeKTUBHOCTUTE HA PA3JIUIHU-
Te TPUTepPHU HUBA 33 MIOOHU OT pa3laJlaHud Ha Z U 33 eJUHUYHHA U30JTUPAHU MIOOHH,
HpEMHHAJHA TBbPJa cesekiusd. [luTupanure CTOMHOCTH ca ONpeIe/JleHH OT ILJIATOTO Ha
ChOTBETHHUTE KPUBH Ha e(peKTHUBHOCT.

5.9 3akJjroyeHue

B Ta3u riasa ca npejcraBeHd OCHOBHHUTE THIIOBE PEKOHCTPYHPAHH MIOOHU, METO/H-
TE 3a TAXHaATa I/I,ZLeHTI/ICbI/IKaHI/IH " U30Jalud, KaKTO 1 ereKTI/IBHOCTTa Ha HN3IMOJI3BAHHUTE
AJITOPUTMU.

310kenuTe pesyaraTy ca 6a3upani Ha aHaIu3 Ha AanHn B odem or 40pb~ !, chopanu
¢ nerekrtopa CMS mpe3 2010 r.. ExciepuMenTaaHo onpese/ieHnTe KHHEMATHIHH XapaK-
TEPHCTUKH ca B H00po cbryacue u onpenenernte or MK B memanst obxsar 10 pr 5 200
GeV/c [18].

ECI)GKTI/IBHOCTT& 3a H,ZLGHTI/ICI)I/IK&L[I/IH Ha, MIOOHH C HalIp€4de€H HMILYJIC IIO-T'OJIAM OT Hd-
koaKo GeV /¢ e Ha 95% 3a Bemukn n3csrenBanu ceeknun. [lorperrHoro naeaTudnIMpane

24



TPHUTePHO HUBO Z — M30JIIPaH MIOOH
Etrig| J0] \ nanan/ MK Etrig| /0] \ nanau/ MK

L1

n <21 94.1£0.2 | 0.976 £0.002 | 92.9 £ 0.8 | 0.966 £ 0.011

n <09 95.9+0.2 | 0.981+£0.002 | 94.7£1.0 | 0.971 £0.013
09<n<21 |923+£0.3|0.971£0.004 | 91.1 £1.2 | 0.961 £ 0.017

HLT
n <21 98.2£0.1]0.996 £0.001 | 97.8 £0.5 | 0.993 £ 0.007
n <0.9 99.0£0.1 | 0.996 £0.001 | 98.6 £ 0.5 | 0.996 £ 0.008
09<n<21 [974+£0.2]0.995£0.002 | 97.1 £ 0.8 | 0.991 + 0.011
L1+HLT
n <21 92.5£0.3 | 0.972+0.003 | 90.8 £0.9 | 0.959 £ 0.013
n <0.9 95.0+£0.3 | 0.978 £0.003 | 93.3£1.1 | 0.967 £ 0.015

09<n<21 [89.9£04 ] 0.966£0.004 | 88.5+1.4 | 0.952 £ 0.020

Tabmuma 5.2: O600menne Ha croftnocrure Ha Tpurepua edexkrusuoct 3a L1, HLT Tpn-
repu u obmara L14+HLT edextusnoct 3a tebpan MooHn. CTONHOCTHTE Ca ONpeIeIeHH
OT IJIATOTO HAa KpWBaTa Ha e(eKTHBHOCTTA U ca ONpeJefleHN 32 Pa3InIHU PaifloHH IO
nceB100bp3uHa. PesyaTature ca mosy4deHn Ha H6a3aTa Ha U3BAJIKH, ChIbPXKAIINA CHOUTHS
OT pa3maJiaHus Ha Z Ha JIBa MIOOHA W OT JAHHU, ChIbPXKAIU €THHUYEH U30JIUPAH MIOOH.
3a Bcekn MeTO/I IbpBaTa KOJOHA C€ OTHACH 32 e(PEeKTUBHOCTTA OIpeje/ena Ha ba3ara Ha
eKCIIePUMEHTATHY JAaHHU, a BTOPATA 3& OTHOIIeHNeTO ekcrepuMenTaaan KbM MK nammu.
[luTupannTe HEOPENEJeHOCTH UMAT CTATHCTHYeCKH XapakTep [18].

Ha PEKOHCTPYMPAHU KAHIUJIATH KATO MIOOHH € CBeIeHo 110 1o, 1% 3a mo-MexkuTe cenexnumn
u 1o nox 0.1% 3a TebpaarTa cesexnus.

Paznemuresinara crnocobHOCT 3a cjeguTe, PeKOHCTPYHPAHU B IEHTpAJHATA YaCT Ha
BBIPENIHUS TPEKOB JeTeKTop e 1mo-n06pa or 10%. IlogobpaBanero Ha M3MepBaHETO Ha
IIO-BUCOKH MMIIYJICH C€ OCbHICCTB{ABaA 4pe3 CllIeHUaJIHNU aJITOPUTMH, KOUTO HU3IOJI3BaT UH-
CbOpMaI_[I/IHTa OT BBTpEHIHNA TPEKOB ACTCKTOP U OT MIOOHHUTE CHUCTEMMU.

Tpurepnara epeKTHUBHOCT 3a H30JUPAHATE MIOOHN e 110-100pa ot 90% B nesnda paiion,
HOKPHUBAaH OT MIOOHHATA CHCTEMA, KaTO Ha OTIAEJIHU MecTa, 0COOEHO B IEHTPAJHATA JaCT
T4 e Hag 95%.

JleTaitiHOTO 1MO3HABAHE M IPABUJIHOTO M3II'bJIHEHUE HA aJITOPUTMUTE 38 PEKOHCTPYK-
us, WACHTUMUKAINS U TPUTepUPaHe Ha MIOOHHTE € 3a/IbJKUTEJEeH €JIeMEHT B Is/I0C-
THaTa IMOCJeJ0BATETHOCT OT PEruCTPUPAHETO HA MIOOHA B JIETEKTOpa JI0 aHAJM3UTe Ha
MIOOHHH CBHOUTHS, KOUTO Ca €JIHA TOJsIMa 4acT KaKTO OT (DU3MYHHTE, TAKa U OT JIeTeK-
TOPHHUTE aHAJIU3H.
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I'taBa 6

Pabora na cucremara or RPC ma CMS
IIpy HAOOP Ha JIAHHU

B m3rpazkmameTo, BbBeZK/IaHETO B €KCILIOATAIUS M OCHTYPSIBAHETO Ha HOpMaJHA pabora
Ha cucremara or RPC uMar y4yacTue KoJeKTUBH OT 15 HAyYHM MHCTUTYIHH, CPEJ KOUTO
e u rpymnara mo ¢pusnka Ha egeMentapuute dyactunu ot Coduiicku yausepcutet. Harero
ydacTue B HabOpa Ha JaHHU, ONEHKATA U IO IbPKAHETO Ha ¢TabMIHOTO (DYyHKIMOHUDAHE
Ha CHCTEMAaTa € eCTeCTBEHO MPOIb/KEHNE HA €HO TMOJI30TBOPHO CHTPYIHHYIECTBO. 1a3u
[J1aBa Kacae JeraitinTe okoao (hpyHKIumoHupanero Ha cucremara RPC B peannn ycioBus
npu Habop Ha jganou. CHenuajHo BHUMAHHE € OTJIEJIeHO Ha METOJIHMTE 3a OIpeje/isHe
1 KOHTPOJI Ha OCHOBHUTE MapaMeTpH Ha CHCTeMaTa, KOUTO FapaHTHpAT HpaBUIHATA, i
eKCILIOATAIMS ¥ HAJIEKIHOCT Ha HAOPAHUTE JaHHHU.

6.1 Crabumaaoct Ha cucremara RPC

Cucremara ot RPC e Hepasnenrna gact oT gerekrtopuusa KoMmiieke CMS. OcHoBHOTO
U IpejHa3HavYeHue € J[a y4acTBa BbB (POPMHUPAHETO HA TPUTEPHOTO PEIieHue, HO B JI0-
IbJIHEHUE MOYKe J1a O'bjie M3M0JI3BaHa U 3a MoA00psiBaHe Ha pa3/ie/InTeTHATa CIIOCOOHOCT
IPU PEKOHCTPYHUpaHe HA MIOOHHHUTEe Kauaugaru. Cbe coute 2316 MOy I8, pa3loIOKEeHH
KaKTO B IeHTpaJiHaTa IIJINHIPHYHA YacT, TaKa U B JBeTe 3aTBapdllld dacTu, n Haj 10°
nHdOpMAIMOHHA KaHaJIa Ts e Haii-rosaMmara gerekTopHa cucteMa Ha CMS. Besgko eamo
oTKJIOHeHHe Ha paborHuTe mapamerpu Ha RPC or doukcupanuTe HOMHHAIHE CTOWHOCTH
UMa IIPAKO BJIUAHUEC BbPXY Ka4eCTBOTO Ha Ha6paHI/ITe JaHHHA. HO Ta3u IIpUYUHA CUCTEM-
HOTO HAOJIOJEHUE HA PAOOTHUTE MapaMeTpH H IOIbPKAHETO Ha HOPMAJIHOTO (DYHKITU-
OHHMPAaHe Ha CHCTeMaTa € OT U3KJIIOYUTE/JHA BayKHOCT 3a padoTaTa Ha Ieaus JeTeKTOPeH
koMmiriekc. Ot nyckanero Ha cucremara or RPC B ekcmtoatanusg mpes 2009 roguna moce-
ra OCBEH CHCTEMHOTO HabJIoleHHe Ha padorara Ha CHCTeMaTa KaTo IS0, MHOTOKPATHO
ca M3CJIeIBaHN HEHNTEe PabOTHU MapaMeTpPH U XapaKTePUCTHKUTE Ha OTAETHUTE KAMEPH.

6.1.1 EdexkTuBHOCT Ha KaMepure

[Ipes 2010 roguna paboTHUTE TOYKH HA 3aXPAHBAIIOTO BUCOKO HaIpekeHue bsgxa pukcu-
pamu #a 9550 V 3a 3arBapsmure sactu u 9350 V 3a nenrpannara dact [19] ma gerexropa.
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Qurypa 6.1: Meton Ha ekcTpaloJmpaHe HA MIOOHHH CeIMeHTH. 1 peKOBUTE CeIrMeHTH B
DT unu CSC ce ekcrpamnojupar JUHEHHO 0 PpaBHUHATA HA CHTHAJHUTE €JeKTPOINA Ha
RPC. 3a Bcska ekcTpamoupaHa TOUKa ¢e ThPCH ChBHAJAEHUE ¢ KAbCTep, (POPMUPAH OT
cpabormin curuannu RPC enekrposu.

Te3u croitHOCTH Cca OIpejeeHn MO BpeMe Ha KOHCTPYHUPAHETO W BHBEXKIAHETO B €KCII-
JoaTalys Ha KaMepuTe Ha 6azara Ha mamnu or kocmuanu jaban [20], [30]. Jdanmure or
IPOTOH-IIPOTOHHH B3auMoJleficTBHd B pasMep Ha okosio 40 pb~ !, ¢wbpanu mpes 2010 ro-
nuna, oT 2011 ronuna B pasMmep Ha 5.2 fb~!, kakTo U yacT or JannuTe chLOpanu mpes 2012
roguHa - 0ko;10 5.72 fb~! ca u3moA3BaHM 3a OIEHKa Ha UAIOCTHATA paboTa Ha CHCTEMATA
or RPC, 3a ¢ukcupane Ha HOBUTE pabOTHH mapaMerpw U 3a MomoOpsBaHe HA AJITOPHUT-
MHTe 33 OHJIaliH u odiaiin Habmaogenne. JlerailiHus aHaIu3 Ha XapaKTePUCTUKHTE H
edeKTUBHOCTTA Ha BCAKa €JHa KaMepa CTaHa Bb3MOXKeH, OJarojapenue Ha JAHHUTE OT
2011 u 2012 ronuHa, HaOMpaHU NIPH CBETUMOCT OT HopsabKa Ha 10%3cm™'s™!, Koeto ¢b-
OTBETCTBA Ha OKOJIO HAKOJIKO MUJINMOHA MIOOHHU C'b6I/ITI/IH Ha KaMepa.

Exnw or nait-axkuuTe mapamerpu, xapakrtepusupaimu paborara Ha RPC e edbekTun-
HOCTTA 3a perucTpupane Ha 3apeieHu dactuiu. KakTo Oeire oTOe/1s3aH0 B IpeIUIIHATA
rinasa cucremara or RPC monbapa cucremute or DT B meHTpaHaTa 4acT Ha JETEKTO-
pa u Ha CSC B 3arBapgamuTe 9acTH, KATO UM PEIIaBalla pPoJsl IPH aCONUMPAHETO Ha
perucrtpupanute crouTus mo BX. Hamuuuero Ha Apyr MIOOHEH JETEKTOP B OJU30CT [0
Bceku e RPC Moy mo3BossiBa npu onpeje/isine Ha e(DeKTUBHOCTTA 338 PETHCTPUPA-
HE HA MIOOHH Jla Ceé M3IOJI3BAT PEe3yJITaTUTe OT JOKAIHATA PEKOHCTPYKIIHS B OTACTHUTE
mioonHu Tojcucremu [31]. Pekoncrpyupanure tpekosu cermerntu B DT win CSC ce ex-
CTPAIIOJIUPAT JUHEHHO /IO PABHUHATA, B KOSITO €4 PA3MOJIOKEHU CUTHAJHUTE €JIEKTPOIH
na RPC (durypa 6.1). Ha 6azara Ha Tasu eKcTpanoJaiys ce IPaBU IPeNOI0KeHHe 3a
MSICTOTO Ha TomajeHrne Ha MIOOHA B choTBeTHHst RPC Momyn. 3a BCAKO €KCTparmoInpaHo
HOTIa/ICHKE Ce ThPCU CbBIIAJICHNE ¢ HAW-OJIU3KUs KIbcTep, (DOPMUPAH OT HAKOJIKO ChCe]I-
HU CpabOTHIN CUTHAJIHE eJeKTpoaa. ChbBIAJIEHHETO Ce ThPCU B I'PAHUIM J0 8 IIUPUHH HA
CUTHAJTHUTE eJeKTpoaa. CunTta ce, Y€ KOHKPETHOTO CHOUTHE € PErucCTPUPAHO e(DEeKTHBHO
aKO Hal-0JIM3KOTO peKoHcTpynpano nonaaenne B RPC moayita e Ha pascrosinue He moBede
OT JIBe MUPHHU Ha curHaaHUTe e1eKTpou [30]. OcBeH ToBa e HAJIOKEHO O bIHUTETHO-
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Qurypa 6.2: Paziuka MexK1y HO3UIMATE HA €KCTPAIOJMPaHATAa TOYKA U PEKOHCTPYHUpa-
HaTa TOYKa B paBHUHATa Ha CUI'HAJIHUTE €JICKTPOAN HA RPC PBBJH/IKI/ITG HE HaABHUIIIaBaT
JIBe MIMPUHU Ha CUTHAJHUTE eaeKTpoju. [lokazanuTe pesyiaraTu ca 3a II'bpBUTE 2 HUBA
RPC B nenrpaanara 4acT Ha JeTEKTOPA.

TO U3UCKBAHE JIa C€ eKCTPAIOJHPAT CAMO CEIMEHTH, KOUTO MOTaT Ja ObJaT acolUupaHH
C'bC CJIEJIM BbB BBTPENTHUS TPEKOB JIeTeKTOP. ToBa 0T cBOdA cTpaHa peaynupa MpuHOCA Ha
¢doHOBU ¢HOUTHS, THIKAIIN C€ HA MIOOHHU, POJIEHH B aIpDOHHUAA KAJI0puUMeThp. MiooHHaTa
PEKOHCTPYKINSA U UAeHTUMUKAIUS € OIMMCaHa 1OApOOHO B I1aBa b.

MeToabT Ha eKcTpamoaupaHe Ha MIOOHHW CeTMEHTH MO3BOJISIBA OCBEH OIpejiesssHe Ha
edeKTUBHOCTTA 3a PerucTpupaHe Ha MIOOHU Jia Ce OLIPEJIe/In U IIPOCTPAHCTBEHATa pas3/ie-
murenna criocobroct Ha RPC [31]. Ha durypa 6.2 e nokazano pasupe/iesienne Ha DasJii-
KHUTE MEXKY €KCTPpallOoJInpaHaTa TOYKa U NEHT'bPa Ha KJIbCTEPa, OIIPEJCJIEHN B paBHUHATA
na curnannute RPC enektpoau. Pesyararure Ha dpurypara ce orHaCcAT 38 KAMEPUTE OT
I'bPBUTE 2 HUBA KaMepy B IeHTpaJHaTa JacT Ha JeTekTopa. KakTo MoxKe j1a ce BUIA OT
XUCTOI'PaMaTa Pa3/IMKHUTE HE Ha/JlBUIIaBaT /JIBC IIUPHUHU HA CUTI'HAJIHUTE €JIEKTPOAU. Pa3—
JMKHTE 3aBHCAT Hafi-Bede OT IMMPUHATA HA CHTHAJHHUTE eJIeKTPoAn (cTpunosere) n 6pos
cpaboOTHIIN ChCEHN eIeKTPOAH (pa3Mep Ha KIbCTepa) B OTTOBOD Ha MPEMUHABAHETO Ha
eaHa dactuia. Kakro e mokazano Ha durypa (6.6), THIHIHUAT pasMep Ha KIbCTEPHTE
OT CPabOTUIN eJeKTPOIU € 2, a IMUPUHATA Ha eJeKTpoauTe Bapupa ot 1.7 cm 0 4.1 cm
3a pas/IMIHuTe MIOOHHU CTAHIIWH.

Ha durypa 6.3 xkato npumMep ca mokaszanu eDeKTHBHOCTHTE, OIpeJIeIeHd B Kpad Ha
2011 roguna, 3a Bcuuku RPC Moayim oT neHTpaJiHaTa 9acT Ha JeTEeKTopa.

6.1.2 OmnpegensgHe Ha ONITUMAJIHO pabOTHO HAMIPEXKEeHNe Ha KaMe-
pure

[Tpu craprupanero Ha Habopa ot janau B HadasoTo Ha 2011 u B Hauaaoro Ha 2012 roju-
Ha ce MPOBeJIOXa CIeNUaTH HabOpH HA JaHHU C PA3JIUIHU CTORHOCTH Ha HAIPEyKEeHHUETO.
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Durypa 6.3: EdextuBnoct, onpesgenena B kpas #a 2011 romuna 3a Bcuakun RPC momynin
B [IEHTPAJHATa YacT Ha JIeTeKTopa. B depBeHO ca MpeJcTaBeHW Pe3yJITaTHTe, MOJydeHH
OT eKCIIepUMeHTAJHU JaHHU, & B CHHBO - Pe3yJITaTUTe OT CUMYJIAIus Ha JAeTeKTopa.

Ileara e na ce onpegenn epeKTHBHOCTTA Ha KaMepUTe 3a Pa3IudHU CTORHOCTH Ha HATl-
PEKCHHETO U Ja Ce OIpeJlesd HeroBaTa ONTHMAJIHATA CTOMHOCT 3a BCAKA €1Ha KaMepa.
IIpu onpenenane Ha edeKTHBHATA CTONHOCT HA NMPHJIOKEHOTO PabOTHO HAIPE:KCHHE Ca
OTYEeTCHN BapHAIMHTE B aTMOCEPHOTO HaldATaHe U TeMIepaTypaTa Ha OKOJIHATa Cpela
o caennara dopmyna [20]:

P T
P T,
KbJeTo HV e npuiokeHoTO BUCOKO Halpexkenue, P u T ca cbOTBETHO HAJIATaHETO U
abcoJIIoTHATa TeMIlepaTrypa Ha oKoJHaTa cpejaa, Py = 965 mbar u Ty = 293 K ca pede-
PEeHTHHTE CTOIHOCTH Ha HaJIATaHeTo U TeMIeparypaTa, a HV, g e edekTuBHaTa CTORHOCT
Ha Halnpezkenunero. Jlomunupai epekT B Ta3u KOPEKIUd UMaT BapualuuTe Ha armocdep-
HOTO HassArame [31].
Heobxomumo e ja ce orbesiexku, de Ipu IIPOBEIEHOTO H3CJeBaHe ca HaOpaHU JTAHHU
B 06eM oT okos10 3 pb~! npes 2011 roauna u oxkoso 5.72 pb~! npes 2012. Ilpensuy Ha
Pa3IUYIHUATE CTONHOCTHU Ha IMOJABAHOTO HAIpE:KeHHe Te3U JaHHU He Ca MOIXOIIHT 3a (hu-
3udeH anaan3. [Ipu npoBegeHOTO CKanupane ca u3Mepenu e(PeKTUBHOCTUTE HA KAMEPHUTE
3a 11 pasnmyHu CTOWHOCTH Ha HAIpexkeHmeTo B mHTepBaaa or 8.5 kV mo 9.7 kV. 3asu-
cnMocTTa Ha eeKTHBHOCTTA Ha KAMEPUTE OT TOJaJIeHOTO BHCOKO Hampeskerue (dburypa
6.4) Moxke na ce pUTHPA ChC CUTMOU/T:

HV,;(P,T)=HV - (6.1)

emaa:
T L e M HVeg—HVig) (6.2)

KbJIETO €,,4; € MaKCIMaJIHATA e(DeKTUBHOCT, A € KoepUIMEeHT, OIpeIedll HAaKJIOHA Ha
kpupata, a HVspy e cTOWHOCTTA Ha HaOpe:KeHHeTo, HPpU KoeTo eheKTHUBHOCTTA Ha Ka-
mepara gocrura 50% oT mMakcuMasaHaTa edeKTUBHOCT. ,Konsgnoro" ce medunmpa KarTo
TouKaTa, IpH KoaTo edexkrusHOCTTa Aoctura 95% or makcmmasmara croiinoct. Omurn-
masHaTa paborra Touka (WP - working point) ce nsbupa jga Obae cies KOJSTHOTO, B
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Qurypa 6.4: EdbexkTuBHocT HA KamepaTa Karo (pyHKIHS OT TPUIOKEHOTO BUCOKO HAaIpe-
JKerne. 3a MPOBeICHUTe M3CJAe/IBaHns ¢a HaOPaHW JaHHH, OTToBapAImHN Ha 5.72 pbL.

obJ1acTTa, K'bJIeTO KpUBaTa JOCTHUTA JIO TJIATO, a €(PEeKTUBHOCTTA JOCTUTA MAaKCUMAaJTHA
croiinoctT. PaboTHaTa TOYKa Ha HAIPE:KEHUETO 3a OTICJHUTE KaMepH ce JiebuHHpa Ka-
TO CTOHHOCTTA Ha HalpexkKeHneTo B KoagaoTo 1aoc 100 V 3a kamepuTe B IeHTpaJHATA
4acT Ha Jerekropa, wiu wioc 150 V 3a kaMmepure B 3aTBapsdiigTe 4acTU HA JIETEKTO-
pa. Pazimkure B pazinynuTe CTORHOCTH 33 NMJIWMHJIPUYHATA U JIBETE 3aTBAPAIIA JACTH
oTpazspar pasaundauTe Tpurepan agroputymu Ha PACT (Buk riasa 4.2.2), KOHTO B 3a7-
Bap4IATe YaCTH U3UCKBA 3 CHBHAIEHN B 3 JIeTEKTOPHU PABHUHH M IO Ta3W MPUINHA €
MHOT'O II0-9yBCTBHTEIEH K'bM €BeHTYAIHN BapHaluK HA e(peKTUBHOCTTA 32 PErUCTPUpAHE
Ha MIOOHH.

Ha durypa 6.5 ca nokazanu pasupejeenusarta Ha croiinocrure HVspoq 3a pa3andnuTe
RPC Momy/u, MHCTAIUpAHH B IEHTpaIHaTa 4acT (BIABO Ha (bUTypaTa) U 3a KaMepure,
MHCTAJMPAHK B JiBeTe 3arBapsiy dactu (BascHo). C 4epBeHO H 3eJ1€HO Ca Mpe/ICTaBeHu
pesyatatuTe, mojaydenu npe3 2012 romwHa, a cbCc cuHLO W YepHO - mpe3 2011 romunHa.
Pesynrature ca nosydenu ciej putupane Ha KpuBara Ha ePEKTUBHOCTTA C'HC CUTMOWU/I.
PaznuaauTe cTOWHOCTH, TPW KOUTO KaMepHUTe B IeHTPAJHATA W 3aTBAPSAIIUTE TaCTH JT0C-
rurar 50% or MakcuMaIHaTa i e(PeKTUBHOCT Ce IbJIXKHA Ha PA3IUKaTa B KOHCTPYKIIMHTE
1 Pa3/ndHOTO PabOTHO HAIPEXKEHHeE.

6.1.3 CrabuwiIHOCT Ha JEeTEeKTOpa

PaborauTe mapaMeTpu Ha KaMepuTe ca HAOMIOMABAHN U aHAJU3UPAHU CHIIO TaKa U MPe3
nepuouTe ¢ HAOOP HA JIAHHU OT KOCMUYHU Jiban. pe3 2011 roguna pesyarature oT Te3u
HAOJIIO/IEHNS Ca U3I03BaHU 338 TTPOBEPKA HA CTAOMIHOCTTA HA CUCTEMATa B OTCHCTBUETO
Ha (DOHOBUTE KOMIIOHEHTH, /TbJIZKAIIN Ce Ha TPUCHCTBUETO HA cHOMOBeTe. OIle B MbPBUTE
Mecenu Ha HabJogenueTo npe3 2011 roauna JaHHUTE TMOKa3axa GPJIYKTYalUH B CTOWHOC-
TiTe Ha e(PEKTUBHOCTTA OT MOPsIbKa Ha 2% 3a KaMepuTe B MEeHTPATHATA MUIHHIPUIHA
gacT u 0KoJ10 4% 3a KamepuTe, MHCTAJMPAHU B 3aTBapaniuTe dactu Ha jaerexropa. Ciaen
no/IpoOeH aHAJM3 Ce M3SCHH, Y€ NPUYMHA 33 Te3u (PIAYKTyalluu ca PEe3KUTE MPOMEHH B
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@urypa 6.5: Paznpenenenue Ha cTORHOCTHTE Ha MPUJIOKEHOTO BUCOKO HaIlpeykKeHue, MpH
kouTo Kamepure gocrurar 50% or makcuMasanara cu epeKTHBHOCT. B naBo ma ¢gpurypara
ca MPEJICTABEHN Pe3y/ITaTUTE 33 KaMEpPUTE, HHCTAJIUPAHHU B IEHTPATHATA YacT, & BJISICHO
3a KaMepuTe OT 3aTBapsIuTe JYacTH. B 4epBeHO U 3e/IeHO ca MpeJICTaBeHU Pe3y/ITaThuTe,
noJiydeHu B HadasioTo Ha 2012 rojanHa, a ¢bC CUHBO W depHO npe3 2011.

armocdepnoTo Hassarane [19)].

ITo Ta3zm npuuuna B cpegara Ha 2011 rognHa 6sxa BbBEJIEHH aBTOMATHIHH KOPEKITHH
K'bM MPUJIATaHOTO BUCOKO HANPEXKEHUe, KOUTO OTYUTAT MPOMSHATA HA TeMIeparypara u
arMochepHOTO Hajsrame Ha okojHaTa cpejga. Ha durypa 6.6 u 6.7 ca mokazanu pesyJi-
TaTUTe OT MpUJATAHETO HAa aBTOMATHYHWTE KOpeKnuu. KakTo mMoxke ma ce 3abesieku OT
durypa 6.6 BisiBO, piiyKryanuure B CTOMHOCTUTE HA e(DEKTUBHOCTTA HA KaMepuTe HaMa-
JSBAT 4yBCTBUTEIHO J10 0KOsI0 +1%. TTo-BrcoknTe cpeanu croiinocTn Ha eeKTUBHOCTTA
HA KaMEPHUTe MPe/Ii BbBEXKIAHETO HA aBTOMATHIHNTE KOPEKITNH Ce TbJIKU HA n300pa HA
pedpepenTHa CTOMHOCT Ha arMocdepHOTO HaJsigrane ot 965 mbar. B maganoro ma 2011
roJMHA CPeHATa CTOMHOCT Ha aTMocdepHOTO HaJsraHe Oelle TOJ Ta3W CTOHHOCT, Koe-
TO JIaBa CBOS MPHUHOC B CTOHHOCTUTE Ha edeKTUBHOCTTA Ha Kamepute. Ha durypa 6.6
BJISICHO Ca TOKA3aHU CPEJHUTE CTOIHOCTH Ha pa3Mepure Ha (DOPMHUPAHUTE KJIbCTEPHUTE
KaTo (PYHKIUS HAa BPEMETO B TEPMUHHM Ha HOMepa Ha HabDOp Ha JaHHH. ZcHo ce 3abe-
JIsI3Ba, Y€ BbBeJIEHNTe aBTOMATUIHU KOPEKIINH BOJAAT 70 CTAOUIN3UpaHe Ha pasMepa HA
k1bcTepuTe. Ha durypa 6.7 ca mokazaHu cpelHUTe CTOMHOCTU Ha Pa3MepuTe Ha KJIbCTe-
pure, GOPMUPAHU B IEHTPATIHATA YACT (BJSIBO) U B 3aTBAPSIIATE YACTH (BISCHO) KATO
dyuKIMg Ha aTMOCGhEPHOTO HAJATAHe HPEJAN U CJIe)l BbBeXKIaHe Ha KopeknuurTe. fcno
ce 3abe/1s13Ba CTAOU/IM3UPAHETO HA PA3MEPUTE HA KJIbCTEPUTE.

6.1.4 Toxk

CpemgHaTa CTOWHOCT Ha TOKA B KaAMEPHUTE € eIHa OT Hail-BayKHUTE PAOOTHU XapaKTepHC-
THUKHU U 110 Ta3W HPUYMHA 33 UbJKUTETHO Ce CJIeJIM OT HIKOJKO pa3judyHu cucremu. K-
HOBDEMEHHO C¢'bC 3a/bJIKITETHOTO HADJIOeHIe 110 BpeMe Ha Habopa Ha JaHHU (OHJIaiiH
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Qurypa 6.6: Baaso: Cpeqnara eeKTUBHOCT Ha KaMepuTe KaTo MYHKIMS HA BPEMETO 34
Habopu Ha Janau Mexk iy anpuia u okromspu 2011 rogmna. Bascuo: Cpenna croiinoct
Ha pa3MepuTe Ha KJabcrepute (B G6poii cpabOTHIN CHTHATHU €1eKTPoa) KaTo (byHKITHsI
HA BPEMETO 3a ChIMHUS TMePuojI. 3aABUCHMOCTTA OT BPEMETO € TIPeJICTaBeHa B TEPMUHW HA
HOMEeD Ha ChOTBETHHTE HAaOODHU, a C BEPTUKAJIHA JUHUSA € 0TOeIg3aHa TPAHUIATA TpeTn
U cJieJl BbBeXKIaHeTO Ha ABTOMATHIHUTE KOPEKIUH K'bM PAOOTHOTO HAIpezKeHUe.
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@urypa 6.7: CpesHa CTOMHOCT Ha pasMepuTe Ha KIbCTepHuTe, (hOPMUPAHU B KaMepuTe
B IEHTPATHATA YacT (BJSIBO) M 3aTBAPAIINTE YACTH (BJISICHO) KATO (DYHKIMS HA ATMOC-
dbeproTO Hassirane 3a HaGopure Ha nanuu npe3 2011 roauHa npeau (B cuHBO) U caes (B
depBeHO) mpuiarase Ha apromarnannte kopexkunn HVy (P, T).

63



HaOJII0/IEHIE ), CTOUHOCTUTE 3a OT/IETHUTe KaMepH MOCThIBAT B HAPDOIHA 6a3a JaHHU U Ce
AHATM3UPAT CJIeJl TPUKJII0UBAaHe HA ChOTBETHHsI HAGOP OT JeTeKTOpHUTE ekcrepru (od-
naiin mHabmonenne). Ha durypa 7?7 e mokazaHo W3MEeHEHHETO Ha CBETUMOCTTA HA YCKODH-
TeJist (JJ0JTy BJISIBO), BCJIEJICTBHE MOCTEIIEHHOTO N3Pa3X0/[BaHe Ha CHOMA (OIpejieieHa ¢ 1Ba
pa3MYHU AJITOPUTHMA) NPU THIWYeH HaOOp Ha jgaHHU mpe3 2012 roauHa ¢ HPOIbIKH-
TeJTHOCT OT OKoJI0 12 yaca. Ha ropaus pea Ha cbmara purypa e moka3zaHo U H3MeHEeHHETO
HA CPeIHUTE CTONHOCTU Ha TOKA B pa3andHuTe YacT Ha cucremara RPC npu chbius na-
bop na jpannu. Kakro Moxke na ce 3abejiexku, rojeMuHaTa Ha TOKa B KAMEDPUTE Ce BJIULIE
IPSIKO OT MPOMEHHTE Ha CBETHMOCTTA W HaMaJjsBa €IHOBPEMEHHO ¢ Hesl. Pasjukure B
CTOMHOCTUTE Ha TOKa B OTJEJHHTE YAaCTH HA CHCTEMaTa C PA3JUYHO I'€OMETPUYHO pa3-
MOJIOYKEHHE ¢a O00YCJIOBEHUW OT PA3MIHUTE KOHCTPYKIMH Ha Kamepure (B IEHTpaJHATA
M 3aTBapSIIUTE YACTH), a TAKA C'BIIO W OT PA3IUKHUTE B JIOKAJHUS DaTUAIlMOHEH (DOH.
Pasimmkure or 2 yaca B mOKa3aHUSATA Ha HAYAJIOTO W HA Ha Kpag HA HADOpA OT JaHHU Ce
JIBJIZKAT HA PA3JNIHOTO oTumrTane Ha Bpemero cupamo GMT or pasiamunnTe cucremun 3a
HabJIoIenne.

6.1.5 UYecroTa Ha cpaboTBaHe HA CUTHAJHUTE €JIEKTPOJIU U IIyM

Yaacruero Ha cucremara or RPC BbB (hopMupaHeTo Ha TPUIEPHOTO pPeIleHHe HaJara
HEeIPeK'bCHATO HAD/II0IeHne Ha, HuBaTa Ha 1myM. CpaboTBaHeTo HA KaMepaTta, BCJIEICTBUE
Ha COOCTBEHUs ¥ IIyM, MOXKe Jia JOBeJe JIO IOIPEIIHO OlpejessHe Ha HAIPEYHUTE HM-
MyJICH Ha MIOOHHUTE KaHIUJATH WM HA PErUCTPHPAHETO HA HU3MNAI0 (DAJIIUBA MIOOHHH
cbOuTus B m3xoauute nauuu. Omre mopede, de cucrtemara or RPC dyHknuonupa B yc-
JIOBUSITA HA BUCOKHM HUBA HA pajualnoHeH (POH, KOWTO HEMUHYEMO C€ OTPA3ABA BHPXY
HefiHata pabora [32]. Ha mpakTuka e TpyaHO 1a ce pasrpaHWdd KOHKDeTHHs IIPHHOC Ha
UCTHHCKYU CHOUTHUS OT IIPUHOCA OT (DAJIIUBU CHLOUTHA, JTHJIZKAIIU C€ Ha IIyMIUd CUTHAJI-
HU €JIEKTPOJU HJIM IIyM B eJeKTpoHukara. [[o Tasu npudmna e pazpaboreH cleluaieH
AJITOPUTDHM, KOHTO CIean YecToTaTa Ha cpabOTBAHUATA HA OTACIHUTE CUTHAJIHU €JIEKT-
poiu u ujeHTudUIUpa Te3u ¢ Hail-rosgma decrora Ha cpaborsane. [Ipu HEOOXOMMOCT
JIETEKTOPHUST eKCIEePT MACKUPa CUTHAJIA, UABAI OT KOHKPeTHHUs e1eKTpoa. OONKHOBEHO
TOBa ce paBh ako GposiT Ha cpaboTeanusaTa Haasumasa 100 Hz/cm?. Tlenra e cpepuu-
a1 Opoil Ha cpaboTBaHUsATa HA CHT'HAJHHUTE €JeKTPOJIM B eJHAa KaMepa Ja ce 3ala3Ba He
no-ucok ot 0.1 — 0.2 Hz/cm? [33]. Curnamure oT e1eKTPOIATE C€ YCHIBAT OT JETEKTOD-
HATA eJEKTPOHUKA, CJIeJ[ KoeTo ce cuuxponu3upar ¢ decrorara va LHC u ce m3mpamar
K'bM TPHUTE€pPHATA €JeKTPOHNKA. CHTHAMTE OT ,MACKUPAHUTE" eJTeKTPOIN HE Ce B3MMAT
npeaBul npu (popmupane Ha TpurepHoto perterne. CopTyepHUSIT aJITOPUTHM U3MO/I3BA
JIAHHUTE, NMPOYeTeHn OT JUHK-Oopaosere. Te ce cnbupar na Bceku 10 — 15 s u ce ¢bx-
paHSBAT KATO XUCTOI'PAMH MJIM YHCJIA. 3aIMUCBa ce HHMOPMAIU 3a HAYAJIOTO U Kpasd Ha
BCEKU BpeMeBU WHTepBaJ At;, B KOHTO ce MpaBdaT U3MepBaHuATa n Opos cpaborBanus N;
HA CUTHAJHUTE €JeKTPOJN B TO3W MHTEPBaJ. Pe3ystarure OT MPUIOKEHUST aJITOPUTHM
MOTAT JIa Ce pa3Je/isT Ha JIBA OCHOBHU THUMA: ,II'bJHU", KOUTO ChIbpPKAT OPOst HA BCUYKH
cpaboTBaHUs HA BCUYKH €JI€KTPOIU, U Ha ,Ole/e/ i, KOUTO He BKIIYBAT HHMOOPMAIIKS
OT MacKupaHuTe ejeKTpogu. MomeHTHaTa dYecToTa Ha cpaboTBaHe Ha €JEKTPOIUTE Ce
onpesens or ornomenuero N;/At;. Hectorara ma cpaborBane Moxke ga Obje ycpese-
Ha U 3a I'bJIHOTO BpeMme Ha HabOupasne na jgannu. Ha ¢urypa 6.9 e nokaszan KOHKpeTeH
IpuMep 33 OTKPUBAHETO W MPOCJIEISBAHETO HA, MIyMSII €1eKTPOI. B KOHKpeTHus CJIy-
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Qurypa 6.8: 3aBUCHUMOCT MEXKJIy CpeJHaTa CTONHOCT Ha TOKA B KAMEPUTE U CBETHUMOCTTA
Ha yckopuress. [lokazanusaT npuMep e 3a THIUYEH HAOOP HA MPOTOH-TIPOTOHHH JTAHHU.
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Qurypa 6.9: Ilpumep 3a mrymMdrr curaaged eJeKTpoj B KaMepa OT IeHTpaJHaTa JacT Ha
nerekTopa. Cren KaTo MyMsIU[aT eJIEKTPOJL € JIOKAJIU3UPaH, MPeI CJeIBalIusaT Habop
HA JAaHHU NPUIAHATA 3 IMIYM € OTCTPaHeHA WIN eJeKTPOIBT € O MAaCKUPAH OT eKCIIepTa
Ha JIETEeKTOPHATA CUCTEMA.

Jaii eJeKTPOIbT € 3aM09HA /I3 MIyMHU IIPH CTAPTUPAHETO HA HOB HAaOOp Ha jAanau. Cresn
JIOKAJIM3UPAHETO My € MojajieHa HWH(pOpMallugd KbM eKCIepTa Ha JeTeKTOPHATA CHCTeMa,
KONTO e OTCTpPaHWU/ IPpUYMHATA 34 IIyMa WJIH € MaCKHupaJl eJeKTpo/ia.

6.2 ExcnpeceH aHaam3 1 oJoOpeHNe Ha JAaHHUI

Excupecuust anaju3 Ha JaHHE UMa 33 He1 HA 0a3ara Ha HAOJIOJIEHUETO HA OLPEIe/IeH
HA0OpP OT mapaMerpu Ja mpocien (PyHKIMOHUPAHETO Ha JIeTEKTOpuTe, 00padoTKaTa Ha
I'bPBUYHUTE JAHHU, O'bp3aTa PEKOHCTPYKIUS U B KpaiiHa CMeTKa JIa HallPaBU MPEIEeHKa 3a
Ka4vecTBOTO Ha chbOpanuTe jJanau. OCBEH TOBa PE3YJATATUTE OT €KCIPECHUs aHaJIu3 ca OT
KJIIOYIOBO 3HAUEHHE [PH JOKAJIU3NPAHETO U AHATM3MPAHETO Ha IPHIYMHUTE 33 Bb3HUKHAIH
JNeTeKTOPHU MPOOIeMH.

AHa/mM3bT ce U3BBLPIIBA C TOMOIITA HA HSIKOJIKO CHCTEMU 33 HAOJIOIEHINe Ha Kadec-
TBOTO Ha JAaHHUTEC U pa6OTHI/ITe ImapaMe€Tpu Ha JETEKTOPUTE. OCHOBHa TEeXKeCT B CJIy4dad
ce majia Ha CHCTeMATa 33 MOHHTOPUHT Ha KadecTBOoTO Ha januuTe - DQM (Data Quality
Monitoring) [34]. DQM e codryepra paMka, KOoATO MOJIbPKA Cb3IABAHETO, 3aIlbJIBa-
HETO, 3alla3BaHeTO W BU3YAJM3UPAHETO Ha HAOMIOJaBAHHTE ITapaMeTpH Ioi (opMara Ha
XUCTOTrpaMu min ckajapuu croifnocru. DQM BritouBa cepust OT aaropuTMu, Bb3 OCHOBA
Ha KOHUTO CHUCTEMaTa IMpeaoCTaBdA I/IHCbOpMa]_[I/IH 3a CbCTOAHHETO Ha pPa3JIMYHHUTE JdCTeK-
TOPHU CHCTEMHU B peasiHo BpeMe (OHJIaiiH HabJIoeHe) Wik cyieji o6paboTBaHe Ha OMpe-
JesieHa dact ot uHopManuaTa (odoiaiin Habmonenne). 3a BeceKd enH HAOOp HA JAHHH,
nHdoOpManuaTa 3a HAOJIIOJABAHUTE BEINYHUHU Ce 3aIlHCBa U ChbXpaHdBa B HApOYHA Oa3a
OT JaHHMH.

KbMm Beue uzpejsienure 10 TyK pabOTHU MapamMeTpHu Ha JIETEKTOPA Ce CJIEJH U ChC-
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TOSHHETO Ha CJICJHUTE BeJIMUYMHE MJIM XapaKTePUCTUKK HAa KaMepHUTe: CHHXPOHU3AIHS U
acoruupane 1mo 6bHI-KPOCHHT, 3aceIBaHe Ha KaMepHUTe, pa3sMep Ha KIbCTEPUTE, MHOXKEC-
TBEHOCT, TEMIEPATYPa U HAJSTaHe, KAKTO U PA3JHIHU IMapaMeTPH, KACACIIH KadeCTBOTO
Ha chOpaHuTe JAHHH.

6.2.1 CunaxpoHHU3aNUd U acoNuUpaHe MO ObLHI-KPOCUHT

Ecrecrenara eqununa 3a ppeme Ha LHC u CMS e ennn 6bau-kpocunr (BX), Koeto or-
ropaps Ha 25 ns. LHenTpaanuar 6bHI-KPOCHHT OTrOBaPs Ha BpeMeBHUs IIPO30PeIl, B KOKTO
ce caydBa mpecuyaneTo Ha aara cHoma. Oceen B nentpaanus BX, RPC 3anucsa cnou-
THS U B HIKOJIKO ChCEIHU BPEMEBH MPO30Perna. 3a yCIelnHOTO acoIunpaHe Ha KOHKPETHO
chOUTHE K'bM MPABUIHUS ObHUY-KPOCUHT € HeOOXOIUMO JIa Ce OTYeTaT BpeMeTo 3a (hopMu-
paHe HA CUTHAJIA M HETOBOTO PA3IPOCTPaHEHNe, Bpb3KUTE MEXKIY OTJACTHUTE eJIeMEHTH B
JIETEeKTOpAa, IbJIKAHATA Ha KabeauTe u Ap.. [[paBUIHOTO CHHXpOHU3UPpAHE MEXKIY JTeTEK-
topuute cucremMu u LHC e oT KpuTH4YHO 3HAUEHHE 32 YCHEITHOTO HAOUpaHe U KaueCTBOTO
Ha gaHauTe 32 puswden anaau3. [lo Tazu npuyunHa CTPOTrO Ce CIeu 33 3aK'bCHEHUE HJIH
n3npeBapBane Ha curaaga or RPC no orHomenwe nHa tenTpasaus ObHI-KpocuHr. Ha
durypa 6.10 e moxkasaH TUIHYECH IpUMep KaKBa 4acT OT CHOUTHATA CE acOIUUPAT KbM
nenTpaJnusg BX v KakBa 4acT OT TX 3aKbCHABAT WK U3IPeBapBaT 1o BpeMe. Enna gact
OT M3IpeBapBaIIUTe U 3aKbCHABAIIMTE CHLOUTHA Ce TbJIKAT Ha IYM B €JIeKTPOHHUKATA.
KbMm Te3u chbutust TpsbBa ja ce jjobaBu 1 IPUHOCA HA HEYyTPOHHUS (OH, rama ¢oHa, a
C'HINO TaKa U MPUHOCA HA HUCKOEHEPTETUIHHN 3apeIeHn YacTuIn. TyK € HeoOXOIuMO 13 ce
orhesieKu, Ye TPOTOHUTE B CHOMOBETE Ca IPYNHUPAHN B OTAEJHU Ipynu - ObHUOBE. DOp-
MaTa Ha ObHYOBETE HAIOM00ABa KalKa. OCHOBHATA YAaCT OT B3aUMOIECHCTBUATA MEXKIY
HAJIUTAIIMTE YaCTHIIM CTaBa B IeHTpaannd BX, HO eHa MaJKa 9acT, KOSITO ce IbJIXKH Ha
B3aMMO/IECTBAIIM YaCTUIM OT ,OHallKuTe Ha O'bHIOBETE BHACIT CBOsI IIPUHOC B CHOUTH-
siTa, aCONMMPAHN KbM BpeMeBuTe mposopun cief nearpaianns BX. Ocsen ToBa TpsiOBa
J1a ce oTdere u (paKTa, Y€ N3MEPBAHUITA Ce TTPOBEYKIAT B MPUCHCTBUETO HA BHCOKU HUBA
Ha pajuanuoner ¢gpon. CpaboTBaHUATa Ha CUTHAJTHUTE €JIeKTPOJIU, BCICJCTBAE HA IIIYM B
eJeKTPOHUKATA KAKTO U JbJKAIIUTE ce Ha paJuallioHHUs (POH, ca pas3lpele/IeHH paB-
HOMEPHO BbB BPEMETO U JOIPHUHACIT BbB BCEKH €JIMH BPEMEBHU LPO30PEIl, BKIOYUTEIHO
u B neurpasnusg BX.

6.2.2 3acejsBaHe

BacesiBaneTo Ha OTjeHUTE KaHaau uan Ha oraeanTe RPC Momynn nma mpsika Bpb3Ka
C HUBATa Ha IIyM U ce jedWHUPa KaTo Oposd eIMHUYHEA cpabOTBaHUSA HA OT/eJIeH KaHa
(mm xkamepa). To3n napaMeTbp CHOTBETCTBA HA GPOsi MOMAIEHUST BbPXY BCEKU OTJIEJIEH
CUTHAJIEH eJIEKTPO/I, HO BKJIIOUBA B cebe CH U cPabOTBAHMA, BJIZKAITH Ce HA TIIyM OT eJIeK-
rponukara. Ha dpurypa 6.11, kaTo npumep ca mokaszaHu pa3judHU CAy4Yad HA 3aCeIBAHE
Ha KaMepu 1o BpeMme Ha Habop Ha jgannu. B ropuusa jgB Kpaii Ha ¢gpurypara e nokasaHa
obruaifHara (3a TaKbB CJIydail) 3aCeJeHOCT HA KAMEPUTE B I'bPBUs JUCK OT 3aTBAPSIIITH-
Te yacTu. KakTo Moxke na ce 3abesieKu Hali-CUITHO 3aceeHN ca KaMepuTe, PA3NOJIOKEeH!
Hali-06,1M30 70 TpbOaTa Ha CHONA WM JO TOYKATa Ha B3aumMojeiicTue. beaure mpaBob-
I"'bJIHUITU CHOTBETCTBAT HA U3KJIIOYEHH MO/LYJIM, MU HA MOJLYJIM C MACKUpaH cUrHaJI. Karto
npuMep 3a OTKpHUBaHe n (pUKCHUpaHe Ha MPUIUHATA 3a ITyM B KOHKPETHA KaMepa e MoKa-
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Gurypa 6.10: CuaxpoHn3upane Ha KaMepuTe B IMEHTPAJHHS MPHCTEH HA CHUCTEMATa OT
RPC ¢ Bpemero na npecuuane na cHornosere. [1o octa X e HaHECEHO BPEMETO B TEPMUHH
na BX = 25 ns. [lo octa Y ca nokasanu 6post ¢bOUTHUS, IPUBBP3aHU KbM CHOTBETHHS

BX.

3aH CJydasi CbC CBPbX3aceleHa KaMepa B elInH OT NEHTPATHATE MPbheTeHn (Ha C¢bInara
dburypa moay BiasiBo). [Ipnannara 3a BHCOKUTE HUBA Ha TIYM €A HIKOJIKO CBPbX3aCeJeHN
eJekTposa (Ha cbinara burypa oy BISACHO), KOUTO ca cpaborTuid B 6u30 2 HOPsIb-
Ka I0BeYe OT ChCeIHUTE. 3a OTCTpaHsABaHeTO Ha IIpobjeMa e HeoOXOoIuMa HaMecaTa Ha
JIeTeKTOPHUSA €KCIIEePT.

CrenenTa Ha 3aceIBaHe Ha OTAETHUATE CEKTOPH MOXKe Ja O'bIe H3KIIOUNTETHO TT0Ie3HO
3a PErucTpUpaHe HA €BEeHTYAJeH MPUHOC OT KOCMHYHHM MIOOHW npu HAOOP HA MPOTOH-
nporonnu jgannu. Ha cdurypa 6.12 BjigBo e nokazan TUIUYHHSA BUJI HA 3aCE/JBAHETO HA
OT/ICTHUTE CEKTOPHU B €JUH OT IPDbCTEHUTE B IEHTPaJIHATa YacT IPU HAOOp Ha JAHHH C
KOCMHYHU JI'bYH - Hali-3ace/IeHH ca BepTHKaaHuTe cektopu 4 u 10, a Hali-c1abo 3acesieHu
ca Xopu3oHTaaHuTe cekTopu 1 m 7. Ha cbmara dburypa B cpemara e mokasaH IpHMep
3a €BEHTYAJIHO IPUCHCTBUE HA KOCMUYHU MIOOHH B €KCIepUMEeHTaJHuTe jaHHu. Tyk e
HeoOxomuMo Jia ce orbejieku, 4e ToBa He e obuuaiina curyarud. [lomoben mpunoc or
KOCMHYHU MIOOHU B JIAHHUTE OT CO'bCHIN ce HADJI0aBaT Hali-Beve MPU HaDOpH Ha, TaHHH
C MHOTO KpaTKa MpOIbJ2KUTEJHOCT. ToBa ce jbjxKEM Ha (akTa, de Mopajd OrpoMHaTa
o Ha cucremMaTta or RPC, 3a kpaTtku HaboOpH Ha JAHHU C IPOIBbIKUATETHOCT MO 45
min, B rojisiMa 4acT OT KaMepuTe He Ce PeaJM3uPaT MOMAJeHUsl OT MIOOHU, POJICHU B
cOIBCHIINTE, KOETO HE TI03BOJISIBA TPABIIHA OIEHKA HA €(PEKTHBHOCTTA 33 PEruCTPAIUS.
Basicuo e nmokazan npumep 3a o0uUaiiHo 3ace/iBaHe Ha OTJIEJTHUTE CEKTOPHU Mpu HAOOp Ha
eKCIIePUMEHTAHN JIAHHH.

6.2.3 MHoxKecTBEeHOCT

MuozxkecTBenocrra Ha chbOUTHATA € MdIpKa 3a Opos HA eUHUIHUTE CPabOTBAHUS B €JIUH
u cbium RPC moayn 3a enmd ObHY-KpPOCHHT. MHOXKECTBEHOCTTa CHINO MOXKe 13 ObIe
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®urypa 6.11: (a) O6uuaiino 3acesBaHe Ha KaMepUTe B 'bPBHs JAUCK OT €JIHA OT 3aTBapsi-
IUTE YacTH NpU HADOP HA JIAHHU OT NPOTOH-TIPOTOHHU JAHHU - OEJIMTE TPABOBI'bIHUAIIH
OTTOBAPAT Ha U3KJIOUEHH MOAY/IU. B 4acTHOCT ce BUKJA, Ye €/INH OT He3aceJleHUuTe MO-
aynd e B Kamepa Ne29 ot Bbrpentaus npberer; (6) Bpoit cpaboTBaHusi HA eJEKTPOJUTE
Ha Kamepa N°29 oT BLIpEIHud NPbLCTEH - CPeTHUAT MOAYT Ha KaMmepaTa He e aKTHBeH;
(B) CBpBX3acesieHOCT Ha eJIHA OT KaMepuTe B CEKTOD D B eIHH OT IEHTPAJHUTE NPbhCTe-
HH, [0 OTHOIIEHNE Ha OCTAHAJNTe KaMepu B Cbinus npberer; (r) Bpoit cpaborsanus Ha
CUTHAJTHUTE eJeKTPOJU Ha IpobjeMHaTa KaMmepa - Ha XHCTOIDaMaTa Ce BUKIAT CHJIHO

IMyMAIATE KaHaJu, HIPUYiHa 3a CPbX3aCeJI€eHOCTTa Ha KaMepaTa.
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®urypa 6.12: (a) Tunuden Buzg Ha 3acesBaHe HAa CEKTOPHUTE B IEHTPAJTHATA YacT PH Ha-
Oop Ha JAHHU C KOCMUYHH JI'bUH - HA-MHOIO MONAJeHNS UMa BbB BEPTUKAJIHUTE CEKTOPH
4 u 10; (6) EBenTyaqHo OpUCHCTBHE HA KOCMUIHUA MIOOHH B €KCIHEDHMEHTATHUTE JTaHHU;
(B) BacesnBaHe Ha CHIIUTE CEKTOPH MPU HAGOP HA €KCIIEPUMEHTAIHH JTAHHH.
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Qurypa 6.13: MHoxKecTBEHOCT Ha CHLOMTHATA 3a KaMmepa C eJuH HOPMAJIHO (PYHKIIHO-
aupany (a) u exun mrymsmn Moy (6). Bposar Ha exuHudaauTe cpaborsanus 3a 1 BX B
LIy MSIUs MOAYJL € 0K0J10 50 I'bTH LOBeYe B CPaBHEHHE ¢ HOPMAaJIHO (pyHKIUOHUPALLUSL.
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U3M0JA3BaHa KaTO WHINKATOD Ha MpoOJeMU, CBbP3aHU € MIYM Ha eJeKTPOHWKATA WJIH
Ha cUTHAJHUTE eqekTponu. Ha durypa 6.13 e mokazan mpumep 3a MHOXKECTBEHOCT Ha
chOUTHATAa B €/Ha OT KaMepuTe, B KOATO €JUHUAT MOAY] (PYHKITHOHHPA HOPMAJIHO, a
apyrusr mymu. Ot ¢purypara BAICHO MOXKe Ja ce 3abesiexkn, de OpPosT Ha, e TUHIIHUTE
CcpabOTBAHUATA B MIyMSIINS MOAYJ € OKOJIO S0 IIbTH MO-TOJISAM B CpaBHEHUE C HOPMAJIHO

GYHKIIMOHUPAIITHSI.

6.2.4 Pa3wmep Ha KIbCTEpPUTE

PasmepbT Ha KibeTepa ce onpejieis oT 6post e JTHOBPEMEHHO CpabOTHIN C'bCETHU CUTHAJI-
HHU €JICKTPOAXU B OTI'OBOD Ha HHPEMUHABAHETO HA €/IHa YaCTUlad 1IPE3 4yBCTBUTEC/IHU A O6eM
Ha AeTeKTOopaA. PaSMepI/ITe Ha KJBCTEPUTE 3aBUCAT OT IMHPHHATa Ha CHUT'HAJIHUTE €JICK-
TPOJU, OT PabOTHUTE MapaMeTPH - roJeMUHATA Ha MPUJIOKEHOTO BUCOKO HAIpEKeHUe,
CcbCTaB Ha paboTHATA Ta30Ba CMeC, OT MO3UIHUATA Ha PErHCTPUPAHOTO MONAJICHUE BbLPXY
CUTHAJIHHUS €JIeKTPOJI, KAKTO U OT bI'bJIa Ha MaJaHe Ha MIOOHA CIIPAMO pABHUHATA HA CHUT-
HanuuTe exekTpoau (durypa 6.14). To3u bIba MoKe na Obie ompejeneH Ha Ga3aTa Ha
MeTO/Ia Ha eKcTpanogupanure cermenTr (rmasa 6.1.1), 1wit karo cermenture B DT /CSC
CbAbp2KaAT I/IHCI)OpMaL[I/IH 3a IIOCOKaTa Ha MIOOHHATA CJI€da U ChOTBETHUA BI'bJI Ha IIaJaHe.
[Ipu conrbebiuTe, ocbinecrBaBanu Ha LHC, mopedyeTo Mioonu mnonajgar nepueHnKyasspHo
CIIPSIMO JIeTEKTHUPAIIITE HUBA HA KAMEPHUTE, KATO OTKJIOHeHusiTa He Hajpuniasat 20° [30].
[Io Ta3u nmpuumHa nMpu HAOJIOJICHHETO HA MapaMeTpUTe Ha JIeTeKTOpa IO BpeMe Ha eKC-
[JI0ATAINKsT CTPOTO Ce CJIeJIH CPeJHATA CTOWHOCT HA pa3Mepa Ha KJIbCTEPUTE Jia € OKOJIO
2. Pazmep 2 2.5 moxke ga ObJie cUTHA 3a BJIOIIaBaHe Ha PAOOTHHUTE MapaMeTpH WIH Ha-
JINYMETO Ha BUCOKM HEBa Ha myM. OT Jipyra cTpaHa ako cpejHaTa CTOMHOCT Ha pa3Mepa
Ha KJ'bCTEPUTE B €JlHa KaMepa e OT MOopsabKa Ha 1, TOBa € yKa3aH#e, Y€ B KaMepaTa HMa
eIUHAYHH Ty MSIIITA CUTHAJIHH €JIeKTPOIU U ce HaJjara Imo-aeTailina nmpoBepKa, IpUMEpHO
Jia ce npoBepu Oposi cpaboTBaHUs HA €JIEKTPOJUTE TOOTIEJIHO.

6.2.5 IlgmgocT Ha JaHHUTE

Ocsen paboTHHTE XapPAKTEPUCTUKN HA JIETEKTOPA 33 Tb/IZKUTETHO Ce MPABU IIPOBEPKA 32
nesocTTa (MHTErpUTeTa) HA JAHHUTE, KATO Ce CJeIN 3a TeXHWs pa3mep, dbopMmar u Jio-
IrIYecKa MOC/IeI0BaTeTHOCT MMPH TAXHAaTa 00paborka. /laHHWTEe ¢ HapylleH HHTEerPUTeT
ca Heroguu 3a puswmyen aHau3. Ilpu perucrpupaneTro Ha TakKbp IpPobiieM O0OHKHOBEHO
HAabOPBT OT JAHHH Ce MPEeKpaTdBa J0 OTCTpaHsSBaHe Ha IPoOJeMa.

6.2.6 OpgobpeHne u ceprudulupaHe Ha JaHHUTE

KbM m3bpoennTte 10 TYK BEJUYHHH W HapaMeTpH TpsaOBa Ja ce J100aBH U HAOIIOIeHUe-
TO Ha CTOWHOCTUTE HA HAJIATAHETO M TeMIlepaTypaTa Ha OKOJIHATA CPeJia, BJAAXKHOCTTA B
MOMEIEHNEeTO, ChCTOSHUETO Ha paboTHaTa ra30BaTa CMeC, ChbCTOSHUETO Ha JAPYTHUTE Je-
TeKTOPHU, KaKTO U BCAKA €IHA HelpeaBuaeHa cuTyanmsa. 1bit karo RPC nma mam 10°
nHAGOPMAIMOHHHA KaHaJIa, 33 ITPABUIHOTO HHTEPIIPETHPaHe HA XUCTOIPAMHUTE, H3I0JI3Ba-
HHU 3a aHau3 ca Heobxomgumu nmoede oT 80000 MIOOHHU CHOUTHSI, KOETO B 3aBUCUMOCT OT
CBETUMOCTTA Ha B3auMOJIeHcTBUATA OTroBapsd Ha Bpeme 0koJi0 30 — 50 min. Muoro vecro
MOpan pa3JuIHd TEXHUYECKU NMPUINHEU Ce CJAyUBa HADOPHT Ha JAHHU Ja IPOIHJIKI 34
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Qurypa 6.14: Pasmep Ha KabcTepure Karo (byHKIHS OT bI'bJa Ha HMaJaHe HA MIOOHUTE
CIPsIMO paBHMHATA Ha CHUI'HAJHUTE ejiekTpou. [lokaszanusT pesyirar e 3a e€jiHa OT Ka-
MEpUTE, HHCTAJUPAHH B IIUJIUHAPUIHATA YaCT HA JeTEKTOopa. KakTo MOXKe Jla ce 04aKBa,
Hail-MaJI'bK pa3Mep UMaT KJI'bCTEPUTE IIPU MIOOHU, KOUTO O3 AT B KaMepara M0/, 'bI'bJl

or 90° [30].

MHOT'O KPaTbK IEPHOJ OT BpeMe - MMO-MaTbK OT IMOJJOBHH 4ac. Torapa JIeTeKTOPHUAT €KC-
nepT MOKe Jla Pa3vduTa eJMHCTBEHO HA JJAHHUTE 33 PADOTHUTE MapaMeTpu Ha CHCTeMaTa
or RPC u cien koHCyITaNMS ¢ OMepATUBHESA €KUM TPAOBA /14 B3eMe PerreHne 3a KadecT-
BOTO Ha, chOpanuTe janan. ChOpaHuTe JTAHHU Ce 0J00PSIBAT U CePTUMUITPAT KATO TOTHH
3a (hU3NYEH aHAJIU3 OT JIETEKTOPHUA €KCIEePT Ha BCAKA €/IHa JeTeKTOpHA cucreMa. Eike-
CeJIMUYHO BCSIKa €JIHa JeTeKTOPHA CHCTEeMa JOKJIAIBa CIHCbHKA C OJOOPEHUTE U CIHCHKA
¢ mpobaeMuuTe Habopu Ha Aanuu. Og00peHuTe JaHHU (POPMHUPAT JIBA OCHOBHH HAbOPa -
MIOOHHY, pU HAOOPa Ha KOUTO, BCHIKH MIOOHHHU JETEKTOPH IMJIIOC MTUKCEJTOBUS JETEKTOP
ca paborwau 6e3 OTKJIOHEHUSI, W TaKa HAPEUIEHUsI 3/IaTeH HADOP OT JAaHHU - KOTaTO BCHIKH
oTAeHU jeTeKTopHHu cuctemu Ha CMS ca OMIM BKJIIOYEHH M €& OIEPUPATH MPABHIHO.
Heonobpenure mannu He ce n3xBbpJasT. OOMKHOBEHO ce MPAaBH 3abJA00YEH aHAIU3 Ha
Bb3HUKHA/JIATE HPOOJIEMU U IIPU Bb3MOZKHOCT T€ C€ OTCTPAHABAT Upe3 J00aBsiHe Ha pPas-
JINYHU KOPEKIUHU TPH PEPEKOHCTPYHUPAHETO HA HAOPAHUTE JAHHM.

6.3 3akJrodeHunue

Cucremara OT KaMepH CbC CHIPOTUBUTETHA MIOCKOCT HA CMS onmepupa ycnenrno nopede
OT 3 TOJINHU W YyJacTBa B HAOUPAHETO HA, JAHHU OT MPOTOH-TIPOTOHHH, 0JIOBO-0JI0BO, & Ch-
10 TaKa M IIPOTOH-OJIOBHHA B3aI/IMO,ZLeI7'ICTBI/IH. CTa6I/IﬂHOCTTa Ha CuCTeMaTa U IIPaBUJJIHOTO
i1 PYHKIMOHUPAHE € OT C'bIIEeCTBEHA POJId 38 PErUCTPUPAHETO HA MIOOHH B (hOPMUPAHETO
Ha MiooHeH Tpurep. lannurte, Habpanu ¢ ydactuero Ha RPC u omobpenn karo roanu 3a
du3nUecKn aHAJIN3 yYACTBAT M B JBATa OCHOBHHU THIA JAHHU 33 aHAJN3 - 3JaTeH Ha-
60p 1 MIOOHHH JaHHH. B pe3yjaTraT Ha IIpOBEACHUTE U3CJIeIBaHHA Ca U3MEPECHU BazKHH
napamerpu Ha jgerektopa RPC wa CMS, a nmenno:
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W3mepena e epeKTUBHOCTTA Ha KaMEPHUTE 3a PErUCTPALMsS HA 3apeeHHd YaCTUIIN;
OmpeesieHo € ONTUMATHOTO pabOTHO HAIIPEKEHHE Ha KaMEepPHTE;

[IpoBeseno e mocTosgHno HAO/IIO/IEHHE U KOHTPOJI Ha WHIUBUILYAJTHUTE CPADOTBAHUS
Ha curHaaHuTe eqekTponn u RPC momynanTe Karo 1s.10;

[IpoBesieHO € TOCTOSHHO HAOJIOJAEHNe W KOHTPOJI Ha TOKA IIPe3 KaMepHuTe W € OTK-
puTa 3aBUCUMOCT MeKIY TOJeMIUHATa Ha TOKA W CBETUMOCTTA HA YCKOPHUTE;

[IpoBeneHo e MOCTOSAHHO HAOJIIOMCHNE HAa YCJOBUIATA HA OKOJHATA CPela W BJIU-
HUETO HA TeMIepaTypara u arMocdepHOTO HajisdraHe BbpXy KadecTBOTO Ha paboTa
Ha JleTeKTopuTe. B pe3y/arar e BbBe/leHa aBTOMATHYIHA KOPEKIHS KbM pabOTHOTO
HalpekeHue, KOeTo JIoBejie JI0 crabmim3upane Ha edeKTHUBHOCTTA U pa3Mepa Ha
KJIbCTEPUTE;

B pesyarar Ha cnenmann3upaHus aHAJIW3 HA JIAHHU W HETPEK'bCHATOTO HADJIIOE-
HUE ca OTKPUTH IPOOJIeMH B CHCTEMATa OT KAMEPH ChC CbIIPOTHBUTEIHA ILIOCKOCT,
KOHUTO Ca OTCTPaHEeHH OT JEeTeKTOPHHTE eKclepTu. Becekn oTmesen mpobieM e aHa-
JIM3UPAH MHIUBHUYATHO U B JeTail/in, KATO € ChoOpa3eH ¢ KOHKPETHUTE yCJIOBHST HA
Habop Ha jaHHu. B pe3ysrar Ha HaBpeMe JIOKAIU3UPAHUTE W OTCTPAHEHW MPOO.JIE-
MH, € TapaHTHpaHa cradbuiaHoCTTa Ha cucremara or RPC, kakTo m KagecTBOTO Ha
HaOpaHUTe JTaHHH.

[IpoBesien e ekcpecen aHAIU3 U CEPTUMUITNPAHE HA ITbPBUYHUTE JAHHU KATO T'OTHI
3a uznven anaau3. B paMkuTe Ha IpoBeIeHUTE U3CJIEIBAHNA, IO MO PbKOBOIC-
TBO KaTO OTTOBOPHHUK 3a €KCIPECHHS aHAJIN3 W Ka9eCTBOTO HA JAHHU € U3BbPIIeHA
IpeaBapuTeHa 00paboTKa 1 ca cepTH(hDUIUpAHA eKCIIepUMEeHTAIHN JAaHHA B 00eM
okouio 4 fb71.
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I'maBa 7

Monenupane na cucremata or RPC na
CMS

B Ta3u riiaBa e npejicraBeH MeTOIBT ca MoJie/upane Ha paborara Ha jgerekropa RPC
na CMS. Ba Tas3u 1e/1 e paspaboTeH clielraJeH MeTo I, KOHTO H3I0/I3Ba eKCIIePUMEHTAIHO
U3MEpPEeHNTe XapaKTePUCTUKU HA JeTeKTOPUTE M T'M M3IMO0JI3Ba KATO BXOIHH ITapaMeTpPH
npu cumyjarnugara. Pasrjiesann ca KaKTO aJrOpUTMUTE 33 MOJe/UpaHe Ha CHUCTEMAaTa,
TaKa W MeToAuTe 3a BaJUIUupaHe Ha TAXHaTa KOPEKTHOCT. MK MOAEJI'bT € BaJIuJUpPaH
[0 JIBa HAYMHA - 4Ype3 cpaBHABaHe Ha MojenupanuTe RPC Beumyunu c¢bC 3a10KEeHUTE
BXOJIHM IIapaMeTpu U 4upe3 cpaBHspaHe Ha MK nammuTe ¢ eKclepUMEHTAHO HOJIYYCHH
pe3yaTaTH.

7.1 Codryep Ha ekcnepumenTta CMS

3a 06paboTKa Ha JAHHUTE W MPOBEXKTAHETO Ha CIEINAJIN3NPAHNTE AHAIN3H, eKCIIePUMeH-
b1 CMS u3nonssa cneruaien codryep - CMSSW [5]. CMSSW e komiiekcHa codbryepHa
paMKa, KOSITO 00eINHABA COPTYEPHH TAKeTH U YCAYTH 38 PEKOHCTPYKIUS HA CHOUTHS H
npoBexkganeTo Ha ¢usundnn anagusu, MK momesupane Ha jgerekropa, KaauOpupaHe Ha
nerektopure u apyru gAerektopru anagmsu. CMSSW BrirouBa n crerudpnanara pamka
3a CbXpaHEHue Ha JIAHHUTE U WHMOPMAIU 3a YCJIOBHATA, IIPU KOUTO € MPOTEK b1 Habopa
Ha JIAHHW - TaKa HapedeHus Mojes or januu u cvdoutusg - EDM (Event Data Model). B
obmus ciaydait obpaborkara Ha ganau ¢be CMSSW ce ¢beTon OT HOC/Ie10BATETHOTO U3-
BHKBaHe Ha ONpeIeIeHN COPTYyepHI MOIY/IN, KOUTO M3BbPIIBAT KOHKPETHH MAHUIY TAIHNH
¢ paaaure. CMSSW e peanusupan karo C + + 0ubamoreka, KaTo MOCJIeI0BATETHOCTTA
HA U3I'bJAHEHUE HA OTJAECTHUTE MOJIY/IU ce KOH(MUTYPUPA ¢ MTOMOIITA HA MPOIPAMHUS €3UK
Python. Ha ¢durypa 7.1 e nokasana npumepHa OIpocTeHa cxeMa 3a 00padoTKa Ha JaHHH
cbe CMSSW.

[TocnemoBaTeIHOCTTA HA M3I'bJAHEHHE HA OTIETHUTE COMPTYEPHU MOILYIU ce KOHMUry-
pupa oT HmoTpedHuTeNd B cueluduieH 3a aHaJIu3a KOH(MUTYpAIMOHeH (aill, B KOUTO ce
IOCOYBA;

® KOHU Ca BXOJHHTEC JaHHU,

® KOU UBII'bJIHUMU MOAYJHU U B KaKbB DEI da 6”]3,ZLaT NU3II'bJIHCHU]
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Qurypa 7.1: [Ipumepna koudurypamus 3a mnocaeaoBaresna 06paboTKa Ha JAHHUTE ChC
CMSSW.

® HEOOXOJMMUTE HACTPOUKH 33 U3II'bJIHUMUTE MOJLYJIN;
e dunrpupaHe u U3XojeH GpopMaT HA JAHHUTE.

B CMSSW (sbumuemo e cOOpHO IMOHATHE , KOETO BKJIOYBA JIAHHH 38 PErUCTPHU-
paHNTE CUTHAJH B OTIEJHHATE HETeKTOPH, KAKTO U JAHHU 3a YCJIOBHATA, IPH KOUTO Ca
perucrpupanu Te3u CUrHaIu. 3ajadara Ha TpurepHara cucrema Ha CMS u cucremara 3a
cvOupane Ha manuu (TriDAS - Trigger and Data Acquisition System) e na csege 6pos Ha
zanucanute crouTust 10 100 Hz. Cien npukaouane Ha paboTara Ha TPUTEPUTE OT BU-
coko HuBo (HLT), ce dopmupar taka napedenute mbpeuunu jganau (RAW data), kouto
ChIbPIKAT CJIeTHATA HHMOPMAIIH:

e J[aHHU OT JETEKTOPUTE;
e Pesynararure ot Tpurepute or mbpso HEBO (L1);
e Pesyiararure oT TpUTepuTe OT BUCOKO HUBO (Taka Hapedernure HLT Gurose);

e Hsakou obekTH 0T mO-BHCOKO HUBO, Ch3naaeHu ot aaropurmute Ha HLT, npumepmo
MIOOH WJIH aJPOHHA CTPY$, KOUTO Ca 3aJeiiCTBa/In TPUTEPA.

Ot codryepHa riega TOYKA, IbPBOHAYAIHO CHOUTHETO MPEACTAB/ISIBA KOJEKIIHS OT
I'bPBHYHH JAHHH, IIOJYYEHH OT JeTeKTopuTe uin or MK, 3amucana karo C-+ -+ KoHTelHep
B EDM. Cien pombianuTe/Ha 00pabOTKa HA IMbPBUYHUTE JAHHA U PEKOHCTPYKIIMS, pe-
3yJTATHTE Ce 3aIMCBAT OTHOBO B ¢bOMTHETO KaTo KoHTeiHep ¢ pekoncrpyupanu (RECO)
obekTu. [To To3u naunn EDM cwbutnero chiabpzxka ngnara nandopManud 0T perucTpu-
PAHETO JI0 PEKOHCTPYMPAHETO HA YACTUIIUTE, POJIEHU B KOHKpeTHHUS COMbCHbK. OCBEH TO-
Ba CHOUTHETO CbIbp:Ka U JOIbJIHATEIHA HHMOPMaIns, HeobXoanMa 3a o0paboTKa Ha
naunaute (Event Setup). Benukn o6ekTH B €HO ¢hOUTHE MOTAT ja O'bJIAT 3alMCAHH WH-
musnryaaao uin Koiaekrusao B ROOT daitnose [51], Koero yiaecHsBa MO-HATATBITHUS
aHam3. EaHO WHJIHO CHOUTHE ChIbpPKA MBPBUYHHU M PEKOHCTpyupanu maHuau. OT TO3u
HAOOp Morar 7a ObJaT OPTraHW3WPAHW PA3IUTHU MMOIMHOYXKECTBA W (DOPMATH OT JTAH-
HHU, KOUTO BKJIIOYBAT caMO HHMOPMAIUATa, HEOOX0IMMa Ha PA3JINIHUTE BUIOBE AHAIU3H.
Haii-gecTo usnonssan e popMaThT, KOUTO ChIbprKa HH(MOPMAIHMS CaMO 33 PEKOHCTPYH-
paHu 06eKTH OT BUCOKO HUBO (€JIEKTPOHU, MIOOHH, aIDOHHHU CTPYH U JIP. ), TAKA HAPEICHUSI
AOD (Analysis Object Data) dopmar, Koero mo3BoJisiBa peiylupaHeTo Ha pa3Mepa Ha
JIAHHUTE W yBEJNYaBa CKOPOCTTA HA AHAJIN3A.
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7.2 MK moaenupane Ha RPC cucremara aa CMS

Kpurnana gact mpu BCeKM euH aHAJIU3 € JeTaflJIHOTO MO3HABAHE HA JIETEKTOPA, T.e.
yCIEmHOTO (DAKTOpU3UpaHe Ha JeTeKTOPHUTe edeKTU OT peajHuTe (PU3NIHU IPOIECH,
BCJIEJICTBHE HA B3aWMOJIEHCTBUE HA JACTHIINTE OT YCKOPeHHTe cHomope. Hampumep, mpu
onpejieNisTHe HA CEYEHUETO 32 KOHKpeTeH (DU3WYeH MPOTIeC, ChIMECTBEHA YacT OT aHAIH3a
e C'bCPeIOTOYeHA BbPXY OIpeJeIssHeTO Ha reoMeTpuyuHaTa e(eKTUBHOCT HA JIETEKTOPA,
TpurepHaTa e(peKTUBHOCT, e(DEKTUBHOCTTA 3& PEKOHCTPYKINS U CEJIEKIINS Ha U3ydaBaHU-
Te pU3NIHA 0OEKTH U JIP.

B To3m cMuchba MojenupaneTo Ha OTKJIuKa Ha cucremara or RPC ce gaBgaBa Heob-
XOJUMa, U HepasJe/Ha 4acT OT ISI0CTHATa cxema, pazpaborena 3a MK momenupane na
nerektopa CMS 1 u3nmoa3Bana 3a 1eTa Ha GU3NIHATE aHAJTH3U HA KOJIaOOPAIHSITA.

Ha 6a3ara na anajusure Ha KOCMUYHU JAHHU U IIPOTOH-IIPOTOHHU JIAHHU, PYHKIINO-
HupaneTo Ha gerekropa CMS e u3ydeHo B reTaiijin u Moy YeHUTe PE3yJITaTH Ca 3aI07KEHI
B codryepa, m3nonsan 3a MK monemupane va CMS. Ennn dusnden anagms 3a1baKu-
TeJIHO BKJIIOUBA U pedepupane KbM pesyararure or MK MomenupaneTo Ha KOHKpPETHHS
du3HIeH MPOoITeC, 33 IbIKATENIHA 9aCT OT KOUTO € I'bJIHOTO MOJeTHPaHe Ha IISIaTa 1eTeK-
ropHa cucreMa. 110 TO31 HAYUH Pe3yITaThuTe 0T MOJCTUPAHETO HA OTKJIMKA HA OTJICJTHUTE
AETEKTOPHU CHUCTEMHU BJIU3aT JUPEKTHO BbB BCEKH €JWMH KpacH (1)I/I3I/Iqu pe3yJjTaT Ha KO-
naboparuara CMS [52]. Ocsen ToBa MojenpaHeTo Ha OTK/IMKA HA JETEKTOPA MOXKE U Ce
U3I10/13Ba U IPU aHaIU3a Ha MpejcTodaTa HajacTpoiika Ha cucremara or RPC na CMS.

B nociegauTe geceTuHa roJMHHU €& IPeIIOXKEeHH HAKOJIKO pasandid Bujga MK Texnun-
K 32 Mojieiupane dbyukuuonupanero va RPC [53, 54, 55, 56|. ITo-rosisiMa gact o T4X ca
HaCOYC€HHU K'bM OIIpeAe/IAHETO Ha JETCKTOPHUTE XaPaKTECPUCTUKH KaTO KOJIUYIECTBO 3apPA/l,
edeKTHUBHOCT, BpeMe 3a (popMupaHe Ha CUTHAJA WJIM IyBCTBHTEIHOCT HA KaMepaTa KbM
OTIpeIeIeH TUTI JILIEeHUe, KATO Ce CUMYJINPAT PA3JIHIHE JeTeKTOPHH TTapaMeTpH, TPUMep-
HO KoeduiumenTn Ha Taysenj, mupuna u O6poil Ha mporenuTe u Apyru. ToBa ca BazKHH
U3CAeI0BATECKHA TeXHUKHA W T€ Ca NPUJIOKUMH TIPH MOJEJHPAHETO HA PA3IUIYHH THUIIO-
Be RPC npn onrumusupane Ha jau3aiiHa Ha JeTeKTOpa - Opoii mponenu, paboTHa ra30Ba
CMeC, pa3MepH HA CHTHAJTHUTE eJIeKTPO/IN, T.€. T€ Ca IMOJAXO/ SN IPU ONMMCAHHETO Ha, KOH-
kperen Tun RPC. B xoukperHus ciaydait obade, e HEOOXOIUMO Ja ce Mojeanpa paborara
Ha 2316 eJIHOTUIIHU JEeTEKTOPa, BKJIIOYUTENTHO U paboTara Ha JIETEKTOpHATA €JIeKTPOHU-
ka. RPC moaynmure B paziudnuTe reoMeTpudnn paiionn Ha CMS uMaT eIHaKbB IU3aiH
U CJIEIOBATETHO UMAT €THU U C'hINKM XapaKTepucTuku. OT MPOeKTHPAHETO HA KaMEepHUTe e
U3MHUHAJIO OJIN30 JeceTueTne, Ipe3 KOeTO BpeMe BCSIKa eHa KaMepa € TeCTBaHA, CHCTe-
MaTa OT KaMeEpH € BbBeJC€Ha B €KCIJIOaTallud U Be4de IoBevYe OT TPpU I'OJUHU CUuCTeMaTa OT
RPC paboru ycrenno KaTo Hepa3/ie/iHa U BazxKHa dacT oT jgerekTopa CMS. Ha mpakTuka
BCHYKH BayKHH JeTEKTOPHU ITapaMeTpH ca Jo0pe U3y4eHd U U3MEPEHH eKCIIePUMEeHTAIHO
(Buxk 6.1). ExciepuMeHTaIHO OTpeIeIeHuTe CTONHOCTH HA OCHOBHHUTE XapaKTEePUCTHKH
HA KaMepuTe JaBaT Bb3MOXKHOCT 33 Pa3pabOTBAHETO W MPWIAraHETO HA HaPAMeTPU3UDAH
MK monen na orkauka #a cucremara or RPC.
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7.2.1 OcuoBuu MK napamerpu Ha cucremara or RPC u nepuoan
Ha BaJIMTHOCT

AJTopuTbMBT 38 MOJETHpaHe Ha OTKJIWKA Ha cuctemara oT RPC u3mosissa detupu oc-
HOBHU HapaMeTbpa. Te ca onpejiesieHn eKClepuMeHTAIHO U Ca BbBeJeHN B Hapo4YHa Dasa
or mannu. [Ipean BbBeXKIAHETO UM B Hed, 33'bJKUTETHO Ce MPABH IIPOBEPKA HA BaJIU/I-
HOCTTA HA Pe3y/ATAaTUTe. 3a MMEeJTa Ce TeHepUpaT YaCTHU H3BAJAKNA ¢ MIOOHHU CHOWTHSI,
MoJlesTupa ce padoTaTa Ha JeTEeKTOpa ¢ HOBHTE MapaMeTpPU H MOJYyYeHUTe Pe3YITATH Ce
CPABHSABAT OTHOBO C €KCHEPUMEHTAJIHO TOJyYeHUTe pe3yaTaru. EaBa cjen ycHmenrnoTo
BaJIMJIUPAHE HA LPEJIBAPUTEJHUTE PE3YJITATH, HOBUTE lIapaMeTPU Ce BbBEXKJIAT B 0a3a-
Ta JaHHU u ce m3noa3Bar B meaTpasaata MK nponykmus na CMS. Yerupure ocHoBHI
napameTbpa ca:

o Edexmusnocm 3a BCEKHU €/UH CUI'HAJIECH €JTeKTPOJIL;

e Bepoamnocm 3a ghopmupare va kascmep ¢ onpedenet pasmep 3a BCEKU eTiH JTeTeK-
TOPEH MOJIYJI;

o [lapamemsp 3a cunrponusupame no epeme 3a BCIKa OTIETHA KaMepa;
o [Ilym 3a BCEKM e/MH CUTHAJIEH €JIeKTPO/I.

Ecrecrseno e npu npomsaara na passmanute pexkumu Ha pabora na LHC - pazyimanu
eHepruu, MOBHUINABAHE HA MHTEH3UBHOCTTA HA CHOMOBETE W C'HOTBETHO MO-BUCOKA CBETHU-
MOCT, CTOWHOCTHUTE Ha MapaMeTpuUTe Ja ce mpoMeHsdT. ToBa Hajara mepuojudeH KOHT-
posl Ha crabuaHOCTTa UM (BUK 6.1), aHAIN3 HA MPUYMHUTE 3a NPOMSHA M ChOTBETHO
HOJIHOBSIBAHE Ha IapamMeTpudyHuTe Habopu, noyspanu or MK ajaropurbma, MOIEIUpAIL
neficrBuero Ha cucremara ot RPC.

Ot craprupanero #a LHC 10 kpas ma 2011 romwsa ca u3moa13BaHd TPU OCHOBHHU IIa-
pameTpudHu HaboOpa, KOUTO BKJIIOYBAT PA3JIUYHU CTORHOCTHU 33 e(PEeKTUBHOCTUTE U TITyMa
Ha KaMepuTe.

e Ot kpag na 2009 mo cpemara na 2010 roamHa ca M3MOA3BAHU CTAHIAPTHHUTE CTOIi-
HOCTHU Ha MapaMeTpHuTe, OlpejiesieHl Ha H6a3aTa Ha TECTOBE ¢ KOCMUYHU JI'BIHU, IPO-
Besiern B Bapu, [laBust u Codus [57]. Cbino taka ca W3MOJI3BAHU U PE3YJITATHTE
OT aHaM3a Ha Habopa Ha KocmuuHH ganHU Tpe3 2009 roguma [20, 30|. Ha 6a3a-
Ta HA MOJIyYEHUTE pe3yJTaru ca (PUKCUPAHU IbpBoHaYajHuTe croiinocrn na MK
napamerpure: edpexrusaoct 3a Beeku eaun RPC momyn 95%, mym 3a Bceku eaun
curnagsien ejaextpos 0.05 Hz/cm?, pasienuresna criocobuoct 1o speme 1.42 ns. Be-
POATHOCTHUTE pasnpeie/ennsd 3a GopMUPaHe Ha PA3IUIHA pa3MepH Ha KJI'bCTEPUTe
ca TOJIyYeHN eKCIIePUMEHTATHO Ha Ba3aTa Ha aHAIN3 HA KOCMUYHU jJaHHu [58].

e Mauiko cies cpegara na 2010 roguna, 6g9xa BbBeieHr HOBH HaOOPH OT MapameTpH,
omnpejiesieHn Ha Oa3aTa Ha aHaJIM3a OT ChOpaHWUTE A0 MOMEHTa JAaHHU OT IPOTOH-
IPOTOHHH B3aHMOIHCTBHSI.

e Ot cpenara Ha 2011 roguHa g0 cera ca ONpedeNssHN M BbBEXKIAHU HIKOJIKO pas-
Jmann Habopa or MK nmapamerpu, orroBapsiiy Ha pa3jJudyHuTe eTanu or Habopure
Ha JITAHHM.
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e Ciies1 HAYAIOTO HA HAOUpPaHe Ha IPOTOH-TPOTOHHHU JAHHY TIpH eHeprus /s = 8 TeV,
MK mapameTrpute, H3MOI3BAHN 33 MOJAe/IUpaHe OTKINKA Ha cucremara or RPC ca
00HOBEHH C'HOOPA3HO HOBUTE YCJIOBH.

B Tasm nucepramusa ca npecTaBeHH pe3y/ITaTHTe, MOJYyYeHH Ha 0a3ara Ha JAHHH OT
IIPOTOH-IIDOTOHHU B3aUMOJIeHCTBUS, HAOUPAHU IIPU €HePIusl HAa HACPELIHUTe CHOIIOBE OT
3.5 TeV uin eneprus B neHTHD Ha Macure oT /s = 7 TeV.

7.2.2 llocaenoBarennu crbiku npu MK mogenupaHeTo Ha OTK-
auka Ha cucremara or RPC

[TocnemoBaTeIHOCTTa Ha OTIEJAHHTE CTBHIKK MOYXKE JIa Ce OIHINEe B CJACJIHUS pel:

7.2.2.1 T'enepupaHe Ha chLOUTUSA

3a remepupane Ha CHLOUTUS MOYKe Ja Ce U3MOJI3Ba BCEKHU €JIMH TeHepaTop Ha CHOUTHS,
3a koitto CMSSW mma paspaboren nporpamen uarepdeiic. B gacTrocT morar ga Obaar
u3noa3sany u reaeparopu karo CalcHeph [59] win Madgraph [40]. B konkpernus ciyqait
3a Mojleiupane Ha ork/auka Ha RPC e u3moasBan rereparopbT Ha cbouTusa Pythia [36].
C wmerosa nowmot ca rexepupanu Ipen-Su cvburus [60, 61] ¢ gBa Mo0oHAa B KpailHOTO
CHCTOSIHME W MHBAapHAHTHA Maca Ha asata Mioona M > 60 GeV /c?. N360pbT 3a renepu-
paHe Ha TakKaBa U3BaJIKa OT CHOUTHUS € OOYCJOBEH OT HEOOXOJIUMOCTTA JIa CE CUMYJIHPAT
JOCTATBIHO Ha Opoil chOUTHS, BKIIOYBAIM MIOOHH ¢ HampedeH uMmmyac pr > 25 GeV/c
u |n| < 2.4. lenepupanure 10 TO3U HAYUH CHLOUTHS BKJIIOYBAT B ceOe CH MIOOHHH JBOTi-
KU, yIACTBAIU B PEKOHCTPYKIWATA HA TMHKA Ha Z 0030HA, KOETO THW MPAaBH YIOOHU IPH
AHAJN3W, CBbHP3AHU C ONpEeJeITHETO Ha TeOMeTPpUYHATA W TpUrepHata eeKTUBHOCT HA
JIETEKTOPA WK JAPYTHU aHAJU3H, CBbP3aHN C KaJHOPUPAHETO HA JIETEKTOPa KATO Isi0. B
caydasi, 3a Jia Ce HAMAJINW BPEeMeTO 3a CuMyJsanus n obeMa Ha JAHHUTE, CHMYJIAINAITA €
orpaHuveHa B reoMeTpudHuUs paiion |n| < 1.6, kbaero ca pasmonoxkenn RPC. Ha durypa
7.2 e TIOKA3aHO pa3lpejiesieHneTO Ha Oposi TeHepHpaHW MIOOHW KaTO (DYHKIWS Ha Hall-
pevTHUsS UMITYJIC U nceBnodbp3mHaTa. OcBeH paKJaaHeTO Ha JBONKH MIOOHW MO KaHAJA:
qq — v/Z — pfi B KOHTO ydacTBaT CaMO JBa OT HAJUTAIINTE KBAPKHU, Y4PE3 OIXO/ISII
noabop Ha mapamerpute ! ma Pythia ce remepupar m B3amMOmeiicTBHATA MeXKIy OCTAHA-
JINTe HAJUTANN mapToHu. [10 Ta3u npuyanHa B €IHO CHOMTHE MOZKE JIa WMa MOBETe OT JBa
MIOOHA, POJIEHN TPUMEPHO B Pa3la/l Ha KAOHU, MMOHU WK B APYTHU Iporecu. Thit KaTo B
KOHKDETHU CJIydail He ca HaJaTraHW JOMbJIHUTETHU YCJIOBUAS K'bM HMITYJICA U KAIECTBOTO
HA MIOOHHUTE KAHJIWJIATH WA KbM JBOHKHTE MIOOHH, B CHEKTHPA MO PEKOHCTPYyUPAHA
MHBAPUAHTHA Maca, NOKA3aH HA (urypa 7.3 uMa ChIIECTBEH MPUHOC U OT KOMOMHATOPEH
domu, T.e. pekoncTpynpanu croutus ¢ Mmacu M < 60 GeV /¢

7.2.2.2 JleTeKTOpPHO MOJaeampaHe

CMSSW uma unTepdeiic kbm GEANT4 [62], koifTo ce usnossa 3a Mojesupane Ha (u-
3WYHHUTE MPOICCH IIPU IPEeMHHABAHE Ha YACTHIUTE IIPe3 JICTEKTOPa M B3auMOJCHCTBHATA

! Bxomuure mapamerpu 3a Pythia, n3nonssanu B KOHKpeTHHs Ciay4ail, MOrar ja ObJar HAMEPEHH B
npujoxenne A 12.1.
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Qurypa 7.2: Pasnpejesienne Ha Opos reHepupaHd MIOOHH KaTo (PyHKIMS HA HAIPEIHUA
UMIIYJIC B IICeBA0OBP3UHATA HA MIOOHHTE B reHepupaHaTa u3Bajka ¢ pen-Au crourns.
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Qurypa 7.3: Pasnpenesenne o peKOHCTpyHpaHa WHBApHAHTHA Maca Ha JTBOWKU MIOOHH
or renepupanu JIpej-Au cnourns.
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UM ¢ BeliecTBoTO. [IbIHOTO M Ipernu3no onucanue Ha Jgerekropa CMS BK/IOUBaA omnmca-
HUEe HA KOHCTDPYKIUATA ¥ MAaTepPHAJUTe, OT KOUTO Ca M3TPAJICHU OTACJHUTE JTETEKTOPH.
KbMm Hero ce j106aBs n nndopMmanmd 3a MArHUTHOTO 10J€, Tph0aTa Ha CHOIA, pa3MepH
Ha CHOIMA, bI'bJ HA MPEecHvaHe Ha, CHOMOBeTe, MHGMOPMAIMS 33 HAJATAINIUTE TYACTUIN H
ap. Uadopmanusra ce cbXxpaHsBa U ce 4eTe OT clenuaana Oaza jgannu. Cucremara OT
RPC e onucana 4pe3 HelilHHMTe KOMIIOHEHTHH, a UMEHHO aJIYMUHHUEBH KOPILYCH, DaKesIu-
TOBHU IJIOCKOCTH, IyBCTBUTENEH obeM, paboTHa ra3oBa cMec [20] u curHaaHu €TeKTPOIH.
Kpaitausar pe3yarar oT AeTeKTOPHOTO MOjeupaHe € nHMOPMAIUITa 38 CAMYJIHPAHO IO~
magenne (SimHit) B akTuBHuS 06eM HaA JETEKTOpA.

7.2.2.3 OTKJIUK Ha JeTEKTOPHATa €JIEKTPOHUKA

B orroBop Ha BCIKO CUMYJTEPAHO HOIIA/IEHHE B AKTUBHHUSA 00€M Ha JIETEKTOPA Ce CUMYJIPa
cpaboTBaHe Ha eJUH MU HAKOJIKO CUTHAJIHU eJleKTpoaa. HdopManusaTa 3a CHHXPOHH3A-
IUsI ce M3I0JI3Ba 3a acOIMUpaHe Ha OTK/IMKA Ha JAeTeKTOpa 1Mo ObHY-Kpocuur. Ha chiraTa
CT'BIIKA C€ CUMYJUPA U MIyMa Ha JeTEeKTOpPA.

o Edexmusnocmma na RPC 3a perucrpalius Ha JYacTHIM ce OIPeIess eKCIlepHMeH-
TaJHO Ha 6a3ara HA METOIa Ha eKCTpAIOJUpaHe Ha MIOOHHN cermeHTH (Bmk 6.1.1).
To3u mMeros 1m03BOJIsIBA Olpee/siHneTo Ha eeKTUBHOCTTA 3a cpaboTBaHe Ha CUI-
HAJHUTE €JIeKTPO/IU TOOTIEIHO, & C'hIN0 TaKa OMpPeIeaHeTO Ha CPeIHATa CTORHOCT
Ha epeKTUBHOCTTA 3a perucrpainud Ha oraegnure RPC momyau. Onpeenenure 1o
TO3U HAYMH €KCIIEPHMEHTAJIHHU CTOMHOCTH Ce U3IO0JI3BAT KAaTO BXOIHHU IapaMeTpH
IpH MOJIEJUPAHeTO Ha OTKJHMKA Ha cuctemara or RPC. Monenmupanero ¢ WHIUBH-
JIYQJTHU CTOHHOCTTA HA €(PEKTUBHOCTTA 338 BCEKH €JIUH OTJIE/I€H CUTHAJIEH €JIEKTPO/L,
MOHE 338 MOMEHTa He JIaBa JOCTATbHYHO aJIEKBATHO OMMCAHUE HA CUCTEMATa 33 CPaB-
HUATEJHO TPOIHJIZKUTE/IEH TIepuo/i oT Habop Ha JIAHHU, TPUMEPHO B paMKHUTe Ha 1-2
Mecena. ToBa ce nbjKM Hali-Bede Ha pakTa, de HMOpaJd OTPOMHHsS OPOW CHUTrHAJI-
HH eJeKTpo/u - Haj 10°, rpemkaTa Opu onpeelsHeTo Ha TAXHATA HHIMBUIya Ha
e(beKTI/IBHOCT € MHOI'O roJjidMa.

[Io Tazu mpuunHa, 3a ImeJuTe Ha MoJeaupaHeTo Ha cucremara or RPC ce usnonssa
cpeJiHaTa CTOMHOCT Ha e(PeKTUBHOCTTA HA KOHKPETHUSA MO/YJI KATO Ta3u CTOWHOCT
ce IMPHUCBOSIBA KATO BXOJEH IMapaMeTbp Ha OTAEJTHUTE CUTHATHU EJIEKTPOIN - €gtpip.
Pemenunero na ajaropurbMa Jlajad NMPH HAJXYAETO HA Bede CHUMYJIUPAHO MOIAJie-
Hue 1e ¢paboTH KOHKPEeTeH CUI'HAJIEH eJIeKTPOJ, ce oIpeiess OoT e(hbeKTUBHOCTTA 3a
perucTpanmst Ha ChOTBETHHS e1eKTpod. Ha mpakTuka aaropuTbMbT 3a JTUTHTAJIH-
3upaHe U3I0JI3Ba CJYyYaAHO YHUCIIO €,.,g OT PABHOMEDPHO pasiipejesienue Mezxkay 0 u 1.
['eneprpanoTo 9UCIO Ce CPABHABA C €sppip U AKO Egppip > €ppg CUTHATHUAT €JIEKTPOJ,
ce cumTa 3a cpaboTu/1. B npoTuBeH ciy4ail ce cMdTa, 9e CUMYJIUPAHOTO IOMA/ICHIEe
He € PEerHCTPUPAHO OT JIETEKTOpa W aJTrOpUTbMa IpeMuHaBa KbM obpaboTKaTa Ha
CJIeJIBAIIIOTO TIONAIEHUE.

o Pasmep na xascmepa - Ciiell pellleHUeTO, Y€ JeTeKTOPHT € e(peKTUBEH M0 OTHOIIe-
Hnue Ha Koukperuus SimHit, ce onpenens pazMepa Ha KIbeTepa - T.e. OPOAT ChCeIHH
CUTHAJIHHU €J1eKTPOIHU, CPAOOTHIN B OTTOBOP HA CUMYJIHPAHOTO HOMAIeHAE B IyBCT-
BUTETHUS 00eM Ha JeTEeKTOpa. 3a Me/ITa Ce M3MO/I3BA eMINPUIHO OMPeIeJIeHA Pa3-
npeesIeHns 3a pa3Mepa Ha Kabcrepure 3a Bcekn eana RPC monyn. B macrosmus
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Durypa 7.4: (a) BepogrraocT 3a dopMupane Ha ompejiesieH pasMep Ha KJIbCTePH OT Cpa-
OOTH/IM CHUTHATHHU €JIeKTPOJIN 3 JieHTa 1 (depBeHo), jenta 2 (CHHBO) 1 JeHTa 5 (3e1eH0);
(6) KymysiaruBau pasnpeesieHust 3a BeposTHOCTTA 3a (POPMHUPAHE HA PA3IMIHE DA3MepH
Ha KJ'bCTepHTe 3a JeHTa 1 (depBeno), jenTta 2 (CHHBO) U JieHTa 5 (3es1eH0).

AHAJIN3 Ce PA3TJIe’kKIaT OCHOBHO MIOOHH ¢ BHCOK Hampeden nmiyic (Hag 20 GeV/c)
TaKa e MOXKe JIa Ce CUUTA, Ye MPHU HPEeMUHABAHETO CH HPe3 PA3IHIHUTE JeTEeKTOD-
mu cucremu Ha CMS Te MMAT MOBEJACHMETO HA MUHUMAJHO HOHH3UPAIIN CpeIaTa
gacruny (Minimum Ionizing Particles - MIP) [14]. 3a muOro no-sucokure nmiyscu,
MPUMEPHO B TeBHHUs paiioH, paauanuonuaute edpextn ce mogesupar or GEANT4 na
npeumHaTa CTbhIka (Bmk 7.2.2.2). Coiacno ekcnepumMentannure gannu [20], 3a
BIJIM HA [AJaHe Ha MIOOHA CIPSMO JIeTEKTHPAIIATA TIOBBPXHOCT 1MoL 45°, pasMepbT
Ha KJIbCTEPHUTE 3aBHCH €100 TO3M BI'bJ. 1lo Tasm mpuvmma 3a MOMEHTa Ta3W 3a-
BHCHMOCT He e orderenata B MK momena. 3a cMeTKa Ha TOBA JETANTHUS aHATHN3
HA €KCIIePHMEHTAHUTE JaHHU [I0Ka3Ba, Y€ pasMepbT Ha KJIbCTEPHTE 3aBUCH OT T10-
3UIUSITa HA MOMAJEHNeTO CIIPAMO TeHThpa Ha CUTHATHUS e1eKTpos. CHrHATHUSIT
€JIEKTPOJ], MOXKe Ja ce paszesan GhOpMaTHO Ha D JIeHTH 1O Herosara Imupuna. Ko-
OpJMHATHTE HA MOTMAJECHUETO Ce W3MOJI3BAT 3a Ja Ce ONPEIeTH JICHTATA, B KOSITO €
peaTM3uPaHo MOMAIEHUETO. 3 BCSAKA €THA JICHTA BEPOSATHOCTHOTO DA3Ipe/e/IeHue
f(z;),i € [1,20] 3a bopmupane Ha pa3JIUIHE PDa3MePU HA KJI'bCTEPHTE € OIPEIeTeHO
eKCIiepIMeHTATHO [58] u e mokasaHo Ha durypa 7.4a.

Ha mnpakTuka aaropuTbMbT H3MO0JA3Ba KyMYyJaTHUBHUTE pasnupeienenus F(x;) =
20
> f(x;) (dburypa 7.46) Ha mapaMeTpu3HpaHUTe BEPOATHOCTH. [eHepupa ce CIy-
1

vaiino uncio u € (0,1). Yueaoro u ce cpaBHsABa cbe crTofiHOCTTa HA F(X;) M aKo
u > F(x;), croiiHOCTTa Ha i ce yBeJaMYaBa C eIUHUIA, T.€. i = i + 1 U ce mporeaupa
1O ChINus HAYMH. [Ipomeypara ce NpPeKparsaBa, KOraro € U3I'bJHEHO YCJIOBHETO
u < F(z;). CumyaupaHusT pasMep Ha KJ'bCTepa € paBeH Ha Gposi WTeparuu, T.e.
clustersize = i. [eOMETPUYIHO KJIBCTEPBT CE IEHTPUPA OKOJIO CUTHATHUS €JIEKTPOJL,
BbPXY KOUTO € monaHaaa dactunara. JomrbJIHaTe I Opoil ¢paboTHIN CUTHATHH
@JIEKTPOJIA CE PA3IPEIETAT PABHOMEPHO OKOJIO HEHTPAJHEA €JIeKTPOI. AKO pasMe-
PbT HA KJI'bCTEPA € YeTHO YHCJIO, MOCAEIHUAT L AKTUBUPAH" CUTHAJIEH €JIeKTPOJL Ce
u30upa Taka, 4e jia ce HaMHupPa Bb3MOKHO Hafi-0/1130 JI0 IeHThPa HA K/I'bCTEDA.
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o Cunzponusauus - Hannute or merekropa CMS ce derar m 3ammcBaT Ha BCEKH 25
ns.

[Ipu npaBuIHA CHHXPOHU3AIMS CUTHAJIUTE OT MIOOHH, POJAEHHU B CJIEJICTBHE HA OCh-
HeCTBEHUTE COIbCHIM TPSAOBa Jla O'bJaT aCONUUPAHU K'bM IEHTPAJHUSA O'bHYI-KPOCUHT
(Buk 6.2.1). Ha mpakruka B ento chbuTue ce 3anucsa nadopmanusara, chopana ot 6
MOC/Ie/IOBATEIHA BPEMEBH ITPO30PEIa - 2 TTPeIn U 3 CJIe HeHTPaTHAS O'bHYI-KPOCHHT.
3a NpaBHJIHOTO ACONUHUPAHE HA CHOUTHETO K'bM OBbHUY-KPOCHHI TPAOBa J1a ce oTde-
TaT HAKOJIKO (bakTOpa, crueruduIHn 3a OTICTHUTE KAMEPH - BPEMETO 3a MpeJIuTaHe
Ha YaCTHIATA OT MSICTOTO Ha COIbCHIHTE JI0 ChOTBETHATA KaMepa, CKOPOCTTa Ha
pasmpocTpaHeHne Ha CHTHAJIA [0 CUTHAJHHSA eJEKTPOJ, 3aKbCHEHHeTO Ha CHIHA-
JIa, 1O JbJIXKUHATA HA CBBP3BAIIATE KA, KAKTO M pa3eJ uTeJ HaTa CIIOCOOHOCT
Ha KaMmepata 1o Bpeme. [logpobHo onucanue Ha CHHXPOHU3UPAHETO HA CUTHAJA OT
RPC moxe ga 6be namepena B [63].

3a €JHa KU Cblla KaM€pa B 3aBUCHMOCT OT HMIIYJICa Ha YaCTHIATa, BpEMETO 3a
nopejanTane, olpeJgesjieHo 1o OTHOIIEHNEe Ha MOMEHTa Ha IpeCudaHeTO Ha CHOIIOBETE
MOXKeE Ja Bapupa B paMKUTE Ha HAKOJIKO HAHOCECKYH/IMU. Ocsen TOBa TO 3aBUCH H
OT T'€eOMETPHUYHOTO PA3IOJ0ZKEHHUE Ha KaMepaTa II0 OTHOIIEHNE Ha TOYKaTa Ha II'bpP-
BHUYHUTE BSaI/IMO,ZLefICTBI/IH. Topa naJsara AJITOPUTBMBT Jda U3YUC/IdBa BPpEeMETO Ha
IIpeJIdTaHe 3a BCAKa CUMYJIHPaHa YacCTUlla.

Bpemero 3a pa3npocTpaHeHHe HA CUTHAJA [0 TbJAKAHATA HA CHTHATHUS €JTeKTPOJ,
3aBUCH OT MO3UIUATA HA CUMYJHPAHOTO MONAJIeHNe BbPXY eJIeKTPOoJIa U ¢e MOJIeJInpa
KaTO ce MpeJmoJiara, 9e CKOpocTTa 3a paslpocTpaHeHne Ha curaaia e 66% or cko-
poCTTa Ha CBETJIMHATA. B cirydas Ha Hail-IbJArATe CUTHAJIHA €JIEKTPOIY C JIbJIZKIHA
1.26 m, pa3znamkara MekJy MAHUMAJHOTO W MAKCHUMAJTHOTO BpeMe HAa NPUCTHTAHE
Ha cHTHAJIA e oKoJo 6.3 ns [64].

Pazieuresinara cnocobHOCT IO BpeMe Ha OTJAETHUTE JeTEKTOPHU 3ae/THO C Pa3/Ie/In-
TeJTHATa CIIOCODHOCT Ha eJeKTPOHHUKATa € Mo-MaJiKa oT 2 ns. T4 ce Mojempa Kato
K'bM II'bJIHOTO BpeMe ce J00aBU CIYyYaiHO TeHePHPAHO YUCJO0 OT TayCOBO pas3lpejie-
JleHne ¢'bC cpefaHa cToiftnocT 0 ns W cTaHIapTHO OTKJIOHeHHWe 1.42 ns.

Bpemero 3a paznpocTpanenue Ha CHTHAJA IO KabeUTe € Pa3JIndHO 33 PA3IUIHHTE
KaMepH U 3aBHCH OT TIXHATa OTAAJIEIEHOCT CIPAMO JUHKOOpPIOBETE.

3a mesuTe Ha CHMYJIAIUATA Ce IMPecMsTa ,CHMYJIHPAHOTO" BpeMe, KOeTO BKJII0UBA
BPEMETO 3a MpEeJUTaHe Ha YaCTUIATA, BPEMETO 33 PAa3IPOCTPAHEHNE HA CUTHAJIA, 110
JUbJIKUHATA Ha eJeKTponaa. 1Ipum ToBa m3ducaeHne e HeoOXOAUMO Jia Ce OTIeTe U
pasiemTeIHATa CIIOCOOHOCT 10 BpeMe Ha Kamepara. OT apyra cTpaHa ce mpecMsaTa
TaKa HapedeHOTO ,, JIeTeKTOPHO BpeMe, KOeTO BKJIFOUBA BPEMETO 33 pa3lpocTpaHe-
HHUe Ha CHUTHAJA [0 KaDeJINTe H BPeMeTO 33 PAa3IpoCTpaHeHne Ha CUTHAJIA OT CpeJaTa
Ha eJIeKTPOoJ1a /10 HeroBust Kpail. /IBere BpeMena ce cpaBHsIBaT U CIIOPE/I 1Oy YeHaTa
PAa3JIMKa Ce OIpese/id B KO BPEMEBH MPO30PeI] IOMa1a CHMYJIUPAHOTO CHOUTHE.

o [llym - Ciiesl perucTpupaHeTo HA TeHePUPaHATa YaCTUIlA B UYBCTBUTEIHHS 00eM Ha
RPC xbM oTK/IMKA Ha JEeTEKTOpa TpsOBa Ja ce J00aBAT U CUTHAJIH, JIHJIXKAIINA Ce
Ha paJianuoHHus HOH U MIyMa Ha Kamepurte. Pa3jie/isiHeTo Ha CUTHAJHUTE OT TE3U
JIBa TIPOIEca Ha MPAKTHKA € HEBb3MOXKHO. Jlocera 3a MojgeanpaHe Ha CHCTEMATa, OT
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RPC ca usnossBanu apa tuna napamerpusanusg. CTaHZapTHATA TapaMeTPU3aInsd,
BKJIIOUBAIIA €1Ha U chbina croiinoct or 0.05 Hz/cm2 3a BCUYKH CUTHAJHHU €JIeKT-
pomu, Gemre m3mos3BaHa m0 cpexara Ha 2011 . Craex ToBa B cumysaiusTa Osxa
BbBEJIEHN PEeATNCTHIHN CTOWHOCTH Ha BXOIHHTE MapaMeTpHd Ha IIyMa. 3a Ja ce
peaynupa MaKCHMAJHO MPHHOCHT OT (POHOBU CHLOMTHUSA, CHI'BTCTBAIIM Habopa Ha
IPOTOH-TIPOTOHHY JAHHH, IIYMBT HA KAMEPHUTE ce Olpe/ie/d Ha 0a3aTa Ha aHAJIH3A
Ha KocMu4HE JaHHU [20] W cjes ToBa ce M3MOJI3BA NMPH MOJEIUpaHe HA OTKJINKA
Ha JeTeKTOpHure. OHpe,ZLeJIHHeTO Ha HUBOTO Ha CHUMYJIMPpaHUd IIYM C€ OCHOBaBa Ha

II0aCOHOBO pa3nupenesjienne ChLC CpeaHa CTOMHOCT V, KbILTO :
V= NjSSt'/‘t (71)

kbaero N[Hz/cm?] e usmepenns niym Ha j-THsI CUPHAJEH €TeKTPOM, Sg.[cm?] e
IJIONITA HA €JIEKTPOJIA, t = Ny, 25NS € I'bJIHOTO CUMYJINPAHO BPEMe 3a eJIHO ChOuTHe,
a Ny ca OPOsl BpeMeBH MPO30PIH, B KOUTO e YeTaT JAHHATE OT €JIHO CHOUTHE.

Cumy/iupanuTe myMHU CUTHAJIU CE PA3LPEIE/IST PABHOMEPHO BbB BPEMEBUTE IIPO-
30pIM OKOJIO U B TEHTPAJHUSA O'bHY-KPOCHUHT.
7.2.2.4 Tpurep

Ha tasu crbmka ce emysiumpa JeidcTBueTo Ha Tpurepa ot mwbpso Hubo (L1) u ce crap-
TUPAT AJIrOPUTMUTE Ha Tpurepute or Bucoko HUBO (HLT). ITpunnumsr Ha jgelicTBHe Ha
TPUrepHUTE OT II'bPBO M OT BUCOKO HUBO Ca pasrjiejlaHn B 1Jasa 4.

7.2.2.5 PekoHCTPYKIIUg HA ChOUTHUA

Ha Tasm crbhka ce crapTupar aJTOPUTMHUTE 3a PEKOHCTPYKIMS Ha cbOuTHA. PekoHcT-
PYKIIUATA HA MIOOHHU CHOUTHS U UACHTH(DUKAIUATA Ha MIOOHHTE € OITUCaHa IMOAPOOHO B
rjaaBsa .

7.3 Bamuampane Ha MK mozaesa

Bammaupanero na MK Mojesia Moxke jia ce pasjein yCJIOBHO Ha JBe YaCTH:

e Baaudupane na modesuparume napamempu dpe3 cpaBHABaHe Ha BXOIHUTE, eKCIIe-
PUMEHTAJHO TOJyYeHU MMapaMeTpu U MOJIeJTUPAHUTE TaKNuBa;

e Baaudupare na MK dannume dape3 cpaBHIBAHETO WM C €KCHEPUMEHTAJHH JTaHHN

7.3.1 BaguaupaHe Ha MOJeJMPAHUTE MapaMeTpPu

3a Tasm nea ca remepupanure oxkoiao 1.5 x 10° Jpen-9n chburns ¢ aBa MIOOHA B Kpaii-
HOTO C'bCTOSIHUE, KOUTO Ca IMPEeMUHAIN BCUIKU OIUCAHU IIO0-TOpPe CTBHIKU Ha MOJeJTHPAHE.
3a meyiMTe Ha BAJHIAIMATA MojejupaHaTa edekTuBHocT Ha Koukperen RPC momyn 3a
perucTparus Ha YaCTHIN € OIlpeIeIeHa KATO OTHOIIEHHEeTO Ha Opos Ha ChOUTHATA, C IMOHEe
eauH CpaboTH/I CHIHAJIEH eJeKTPOJ B OTTOBOD HA NMPEMUHABAHETO HA CHMYJIHPAH MIO-
OH K'bM II'bJHUA OpO#l CUMYyJMPaHU MIOOHHU, NPEMHUHAJIN TPE3 YyBCTBUTEIHUSA 0DeM HA
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®urypa 7.5: (a) CpaBHeHHe MeXK/ly BXOJHHUTE apaMeTpH 3a eDEeKTHBHOCT Ha KaMepHTe
(nenpexbeHara guanst) 1 MK pesymrarure (toukn) 3a Bcmukn RPC momymm; (6) [Mpu-
Mep 3a e(peKTUBHOCTTa Ha BCHYKH KaMEpPH, PA3IIOJOKeHH B €JHO HUBO B IEHTPATHUTE
npbcrern. e oT Kamepure paboTdT B eIHONPOIEIEH PeKUM KOETO € MpUYUHA 33 I0-
Huckara edekruBaoct. Kakro moxke ja ce Buau or purypara MK mogena onucsa jgoope
TO3U Cay4dail.

nerektopa. Ha ¢durypa 7.5a e mokasano cpaBHeHrne MeKIy BXOIHUTE HMapaMeTpPH U CH-
mysmupanuTe edekruBnocTr 3a Bcudku RPC moaysmu. Ha durypa 7.50 e nokazan nupumep
caMo 3a KaMepuTe, Pa3lo/I0KEeHH Ha €HO OT HABATa B MEHTPAJTHUTE IPbCTEHN HA, TeTeK-
Topa. 3abeIsa3BaT ce IBa MO/, KOUTO HMAT 9YBCTBUTEIHO MO-HUCKA eKCIIEPUMEHTATHO
omnpejesiena edpekTuBHOCT. [Iprannara 3a ToBa e, 4e Te padOTAT B €THOIPOICIICH PEXKUM.
Kakrto moxke na ce 3abene:xku or ¢purypara MK pesyararure BbL3IPOU3BEXKIAT J100PE
TO3U CAyYail.

B MK wmogesta, curnaaure, JbJIzKaIy ce Ha IIyM ce Oonpejie/is oT OpoilkaTa Ha BCHYKH
CpabOTHIN CUTHAJHE €JeKTPOAN 0e3 HAJIUINeTO Ha CHMY/INPAHO TOMAJIeHNe B IyBCTBU-
TeJIHUS o0eM. 3a IeJIuTe Ha BaJuupane Ha Mojesa cpeanud myM 3a equd RPC momyn
N, Cce U3UUCIIBA KATO

Z dnaise

NT Nev
Nch - S—T (72)
ch
KbIETO dpoise € OpOS HAa BCHYKHU IIYMHH CUTHAJIH 3a JajeHa KaMmepa, S., € IJIOIITa
Ha Kamepara B [cm?|, n., e Gposr Ha cumy/upanure chOuTus, a T = Ng,.Np.250S e

I'bJHOTO CHUMYyJIEpaHo Bpeme. Ilo aHajormveH HAYMH Ce M3YMUCJISIBA U CPEJIHUS IIyM 3a
elnH CUTHAJIEH eTeKTPOI, [N sipip:

. Z dstm’p
N gtrip = oo 7.3
i SstripT ( )

KBICTO dgipip € OPOSA Ha BCHYKH CPAOOTBAHMA, IbJIZKAIIN Ce Ha MIyM 32 KOHKPETeH CHT-
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®urypa 7.6: CpaBHeHHe MeXK/y €KCIEePUMEHTATHO ONpe/eseHn (HempeKbeHaTa JIMHWS )
BxojHu croitHocTn Ha myma u MK pesyararure (toukn); (a) Pasmpemenenne Ha cTOii-
HocruTe Ha myma B Hz/cm? 3a Bemukm curnasmm enextpoam; (6) CpasHenue MexKiy
eKCIEePUMEHTATTHO ONpejieieHuTe (HeNPeKbCHATA JIMHUS) CPEJHU CTORHOCTH HAa MIyMa B
Hz/cm? 3a senuku RPC mojtysia oT TpeTo HUBO B euH OT leHTpajnuTe npberenn u MK
pesyarature (TOYKH).

HAJIEH eJIEKTPOJL, Sgyip € IUIONITa Ha enexTpoga B [cm?|. Ha ¢urypa 7.6a ca moxkasamu
pe3yATATATE OT CPABHEHUETO HA CUMYJANPAHUA MIYM C BXOJHATE €KCIIEPAMEHTAJIHO OIpe-
JIeJIEHU MapaMeTpy 3a BCUYIKHU CHTHAJHU eJIeKTPOju, a Ha ¢urypa 7.60 e moka3aH KOH-
KpeTeH HpUMep 33 CPeIHHUs IIyM Ha KaMepUTe, PA3IOJIOXKEeHH HAa TPeTO HHBO B €IUH OT
[eHTPAJTHATE MPbCTEHH.

CpaBHeHne MexKIy pas3lpeIe/eHuATa, U3M0A3BAHA KATO BXOIHU IapaMeTpH HIpH MO-
JleTupaneTo Ha pa3mepa Ha Kirbcrepure n MK pesysrrarure ca mokazanu na urypa 7.7a.
Ha durypa 7.76 e nokazano cpaBHeHIE MeYKJy €KCIIEPUMEHTAJIHO ONpeIeIeHUTe U CUMY-
JINpAHUTE pa3Mepu Ha KIbCTEPHUTE 33 BCHIKI KAMEPH OT MEeHTPATHATA YacT Ha MIOOHHATA
CHCTEMA.

Pazmenurennara crmocoOHOCT IO BpeMe ce MOJIEIHPa KaTo ce Momdepe CIydaiiHo IHCI0
OT TayCoOBO paslpeeseHne ¢'bC CTAHIAPTHO OTK/JIOHeHue 1.4 ns, KOeTO € MHOI'O HO-MAJIKO
OT BpemeBaTa enuHUIA eJuH ObHY-KpocuHr (25ns). Taka ve Ha mpaKTHKAa CHHXPOHH3H-
paIuaAT mapamMeThbp BUHATM € KOPEKTEH U 10 Ta3W MPUYNHA He Ca MOKA3aHU PEe3yATaTHTE
OT HErOBOTO BaJIMIMPAHE.

7.3.2 Bammaupane nHa MK gpanauTe

OcnosHoTO TpeganasHadenue Ha cucremara or RPC na CMS e ygactuero B Tpurepa u
IpPUBBHP3BAHETO HA CHOUTHSATA IO BpeMe. Bblpekn ToBa, cucTeMara MOXKe 13 O'b/1e H3I0JI-
3BaHa U 3a MOJ00psIBaHe HA KAYECTBOTO HA aJITOPUTMUTE 34 MIOOHHA PEKOHCTPYKIHs [65].
OcHoBaHaTa e/ HA CUMYJIANHUSTA € JIa Bb3MPOU3BEe MPABIIHO OTKJINKA HA CHCTEMATa
or RPC, BkaounTesiHo e(peKTUBHOCTTA 33 PETHCTPAIUs HA KaMEpPUTe, TeOMeTPUIHATA
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Qurypa 7.7: Pazamep na kiabcrepure, (popmupanu B RPC BejieicrBre Ha npeMHHABAHETO
Ha MIOOH IIpe3 YyBCTBUTEJIHUTE 0b0eMu Ha jeTekTopute. C JIMHUU €A ITOKA3aHU EKCIePH-
MEHTAJIHO OlIpejie/ieHuTe paslipejiesienus, a ¢ reomerpudnu dpurypu ca orbejsazann MK
pesyararure. (a) CpaBreHue mexay BxoguuTe mapamerpu u MK pesysrature 3a pas-
JMYHATE JIEHTH OT CUTHATHUS e1ekTpof; (6) Pasnpenenenne va pazmepa Ha KIbCTepHTe
3a BCHYKHU KaMepH OT IEeHTpaJHaTa 4acT.

edekTuBHOCT W . 3a da ce Baguaupa KopekTHocTTa HA MK cumymamusita xarto 1msio,
pexkoncrpyupanute MK nanHu, moJiyaeHu ¢ HOBUTE HapaMeTpPU Ca CPaBHEHUE C eKCIIePH-
MEHTAJIHN JaHHU. B KOHKpeTHHS ciiydail, H310/I3BaHUTe eKCIIePUMEHTAJIHHE JaHHHE ca Ha0-
PaHU OT MPOTOH-TIPOTOHHU COIBCHIN P €HEPrHsl B IEHTHD Ha Macute /s = 7 TeV mpe3
2011 r. IIpu nabopa Ha Te3M JaHHH IOJIEMHUHATA HA BHUCOKOTO HAIIPE:KEHHE € KOpUI'mpaHa
aBTOMaTUYHO, CHOOPA3HO HAMATAHETO W TeMIepaTrypara B IIOMEIEHHETO Ha JIeTeKTOpa
(Buxk 6.1.3) [31]. KbMm cumynnpannTe u K'bM eKCepUMEHTAJTHUTE JAHHU € TPHJIOKEHA
eJlHA M C'bINA MPOIeaypa Ha oTOupane (BUxK 5.5) Ha MIOOHHUTE KaHIUJIATH, [EIAIA MO]I-
dupaHe Ha MaKCcHMaJeH OPOIl MIOOHH, POJAEHU OT pa3naga Ha Z, KOITO BKJIIOUYBa 0TOUpaHe
caMo Ha MIOOHH ¢ Hanpeden umiysac pr > 20 GeV/c u 10rbJIHATESHE YCIO0BUS OTHOCHO
YUCTOTA W MACHTU(DUKAIMATA Ha MIOOHHUTE Kauauaatu. VlaenTudpukammara na MIOOH-
HUTe KaHIMJaTH € ONMncaHa moApoOHO B raapa H.5. 3a meaure Ha Baauaupanero va MK
JIAHHATE, cpeJuus Opoit mioonnu nonajgenus B RPC momyauTe, onpenesien B MoJje/Iupa-
HUTE JJAHHH € CHIOCTAaBeH C IOJYUYCHHTE Pe3yJTaTH OT eKCIepUMEeHTAIHU JaHHu. Bposdr
Ha mioonaute nonaznenus B RPC e konnuecrBena mspka 3a 6pos RPC cranmum, mpes
KOUTO € IIPEeMUHAJ MIOOHA, KOETO OT CBOs CTpaHa e (PYHKIUI Ha NCEBIOObp3UHATA 1), &
C'BIIIO TAaKa 3aBHCH M OT e(peKTUBHOCTTA 3a perucrparus Ha kamepure. Ha dpurypa 7.8 e
OKa3aHO cpaBHeHUe MexK 1y ekcriepuMenTaand u MK jannu 3a cpeanus Opoit peKOHCTPY-
upanu nomnajennd B RPC momysuTe 1o Ib/KHHATA HA TPACKTOPUUTE HA MIOOHUTE KATO
dyHKIINA HA 1) U a3UMYTaTHUS BB ¢. Paznpenenennero mo Te3m CTOWHOCTH OTPa3sdBa
reoMmerpudnara edekTuBHOCT Ha cucremMara or RPC u xakro ce Bumxkma or ¢urypara,
MK monena onmcpa j1o00pe cucremara.
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®urypa 7.8: (a) Cpenen 6poii monagerust B RPC mMoaynnTe 110 JbKUHATA HA TPAEKTO-
punTe Ha MIOOHHTE KaTO (bYHKIMsI OT HceBA00bp3uHATA 1) 32 MIOOHH ¢ pr > 20 GeV/c,
poJienu oT pasnajgane Ha Z 6o30m; (6) Cpemen 6poii nomamennss 8 RPC momynute mo
A'bJIZKUHATa HA TPACKTOPHUUTE Ha MIOOHUTEC KaTO beHKLH/IH OT a3UMyTaJIHUA 'bI'bJI gb 3a
mioonu ¢ pr > 20 GeV /¢, pojenu ot pasnajgane Ha 7 6030H. 1 B fBaTa ciaydas ca u3moJ-
3BaHU CaMO TJI0DAJIHU MIOOHHU, T.e. MIOOHU, PEKOHCTPYUPAHN KAaKTO B MIOOHHATA CHCTEMA,
TaKa ¥ BbB BLTPEIIHUS TPEKOB JieTeKTop 5. Ha dburypara excrnepumeHTaHUTE JAHHA Ca
HOKa3aHU ¢ TOUKH, a MK pe3syararure ¢ HelpeKbCHATA JTUHUSI.

7.4 Baamampane Ha copTyepHU BEePCUM U JaHHU OT IEeH-
rpajanaTta MK npoayknmsa aa CMS

Crnen kaTo HOBHUTe BXOAHU apameTpn u MK mMomenst karTo 110 e Baauaupan, mapaMer-
puTe ce BbBEXKIAT B HApOodHA 0a3a OT JaHHU, KOSTO C€ W3I0/13Ba IPU T€HEPUPAHETO HA
nearpasaara MK mpogykmua na CMS. Henrpannara MK nponykmus va CMS BrouBa
MoziennpaneTo Ha Haj 103 Buga dusmuHE Iponeca, KaTo B 3aBHCHMOCT OT HYZKIUTe Ha
Pa3JUYHUTE TPYIN 33 PU3NUEH WIN IeTeKTOPEeH aHAJIN3, CHMYJIUPAHUTE TAHHU Ce 3aIUC-
BaT B pa3audeH ¢popMaT Ha JaHHUTe. OCBEH TOBA, TPEIBUJ IUHAMUTHO MTPOMEHSIITUTE CE
yCJIOBHSI, Kacaely He camMo paborara Ha cucremara or RPC, a n Ha mesmst JeTeKTOpeH
kominiekc CMS, B codpryepa Ha ekcrepumerta CMSSW nocTossHHO HACTbIBAT H3MEHE-
HUSI HA PA3JIMYHU KAJUOPOBBIHN KOHCTAHTH, JITOPUTMU Uau codpryeprn makeru. [lesra
Ha Te3W HPOMEHH € MaKCHMAJIHO J00po M OJIM3KO ONHCaHHe Ha paborara Ha JeTeKTOPH-
Te, MOJOOpsABaHe HA AJTOPUTMHUTE 3a aHAJIHM3 HA CHLOUTUATA U Y/IecHsaBaHe padboTaTa Ha
Kpaitnug norpeburesi. ToBa Hajara HEPUOJIMIHOTO OOHOBsIBaHE HA CO(PTYepHUTE BEPCUU.

[Ipean w3nuzamero wa mHoma codryepua Bepcus Ha CMSSW ta 3axbmxurento ce
TeCTBA M BAJIHAUPA OT PA3JUYHATE TPYIU, KOUTO OTTOBApAT 3a Pa3pabOTBAHETO U IOJ-
JIpbKKaTa Ha pa3audHuTe codryepHn makeTu. llpm To3m Tun Bajamampane ce HabJdra
Ha TOBA Jau cODTYepHUTE MAKETH €A CHbBMECTHMU €JIUH C JPYT U JAJU Pe3yITaTuTe,
HOJIyYeHU CJieJl TOBA OOHOBSIBAHE Ca (PUBUUIECKU C'HCTOSITE/THU.

3a nesimTe Ha BaJMIAPAHETO HA COMDTYEPHHUTE TMAKETH, HHTEPIPETUPAIIN JTeHCTBHETO
Ha cucteMata oT RPC, ce usnonssa ompenesieH HAOOP OT XUCTOTPaMU, KOUTO OTPA3ABAT
Hali-BayKHUTE MapaMeTpy WM XapaKTePUCTUKHU Ha CHCTeMaTa. 3a MOJyYaBaHeTO Ha Te-
3u XuUcTOrpaMu ce m3noa3BaT MK u ekcnepuMeHTaHU JaHHU, KATO 3a BajJaujaupaHe Ha
copryepuure MK nakeru ce usmno/izsar Janiu, ¢ MOJAe/JUPAHNA (PU3MYECKH POIECH, C'bIl-
POBOJICHH WJIM HE OT HACJIOXKEeHU chouTus. HecTo ce n3noa3sar u HepU3UIHN U3BAJIKH, B
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Durypa 7.9: (a) CuMyaupaHo 3acejiBaHe HA KAMEPHUTE OT IbPBU JUCK B €JIHA OT 3aTBa-
PAIIATE YacTH. 3a IeITa ca TeHepUpaHu e IMHUIHI MIOOHHU ¢ HampedeH uMiryic pr = 1000
GeV/c u e U3M0I3BAHO TEOMETPHYHO OMHCAHNE Ha CHCTEMaTa, KOeTO HA/IEeHIBA PA3CTO-
saaugTa Mexay oraenaute RPC monyn; (6) Cumyaupaso 3aceiBaHe Ha ChIIATE KaMepH
¢ MIOOHH ¢ HampedeHn mMiyiac pr = 1000 GeV/c cien orcrpansBane Ha mpobiema B re-
OMeTPUYHOTO omucanue. 1 B jBaTa ciaydad cUMyJIaludTa e HallpaBeHa 3a OrpaHUYeH
reoMeTpuYeH paiioH, ¢ HeT Ja ce HaMaJIdT KOMIIOTHLPHOTO BpeMe U obeMa OT JaHHHU.

KOWTO JIETEKTOPHUTE Ca HaceJeHW PABHOMEPHO C YACTUIM OT €WH W CBIN TUI U €THAKBH
HUMILYJICH - IIPUMEPHO Hal-4eCcTO Ca U3110JI3BaHU CAUHNYIHKUM MIOOHH C HallpedeH HMILIYJIC
pr = 1,10,100 wau 1000 GeV/c. Ha durypa 7.9 e nokaszan npumep 3a (HbUKCHPAHETO
U OTCTPAHABAHETO HA TPOOJIEM, CBbP3aH C ONHCAHUETO HA TEOMETPUYHOTO Pa3IOJIOZKe-
HUE HA KaMEpUTe B 3aTBapsIuTe YacTH. 3a [eJITa Ha BaJuIupaHe Ha CUMYJIAIUITA Ca
PeHEePHPAHU eJMHUYHH MIOOHH ¢ HanpedeHn ummyic pr = 1000 GeV/c.

7.5 3akKJ/odYeHune

C nes peaJluCTUYHO MoJeaupane Ha paborara Ha jgerekTopa RPC na CMS e paspaboren
CIenyuaIeH aaropuThbM, KONTO H3MOI3BA eKCIePUMEHTAIHO N3MEPEHNTE XapaKTepUCTHKH
Ha JETEeKTOpUTE KaTO BXOJAHH ITapaMeTpH 3a CUMYJialud Ha pa60TaTa Ha JeTEeKTOpuTe. B
Ta3u BPB3Ka €:

e Paspaboren e ajiropuTbM, KOHTO ONKUCBA aJ€KBATHO OTKJIMKA HA JIETEKTOPUTE;

e /ledpunupan e HabOP OT MapaMeTpH, KOUTO Ce CAeIIT H ce OOHOBSIBAT MEPUOINIHO,
¢bOOPA3HO KOHKPETHHUTE YCJIOBHS Ha HabOpa Ha TAHHU - IPOMSIHA Ha €HeprUuTe Ha
CHOITOBETE€, MHTCH3UBHOCTTA HA BSaHMOﬂeP‘ICTBI/IHTa HUJIN IIPDOMfAHA Ha APYTI'd YCJIOBUA,

e PazpaboreH e MeTOJ 3a ompee/siHe Ha CHMYIHPAHKS pa3Mep Ha KIbCTEPHUTE;
e PaspaboreH e MeTO[ 3a ompee/ssHe HAa HUBOTO HAa CHMYJIMPAHUS IITYM;
e Paspaboren e maker 3a BaJuaupaHe Ha cuMmyaamnusaTa Ha perekropa RPC ma CMS.

e Pazpaboren e crenuaJieH nporpaMeHn nakeT 3a BajujgupaHe Ha kadecTBoro HAa MK
JIAHHATE.
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® HonyquHTe pe3yjaTaT OT aHaJIu3a Ha CUMYJIHPpaHUTE cbHOUTHA Cca B ,ILO6pO CbIrJjlacue
C IOJy4YeHuTe OT eKCIICpUMEHTaJIHN JaHHH.
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I'1aBa 8

B TbpceHe Ha TeXKKH JIByMIOOHHU
pPE30HAHCH

8.1 Texkku pe3oHaHCU, pa3na/Jlalld Ce HA JBA MIOOHA

Penuna mopenn uzpba CraHjgapTHUS MOJET Ha eJeMEHTApHHUTE YACTUIM IIPEeCKa3BaT
C'BIIECTBYBAHETO HA TEKKU BEKTOPHU YaCTHIM. B Ta3um riiaBa ca IpeJCcTaBeHH pe3yJiTa-
THTEe OT ThPCEHETO Ha TAKHBA YACTHIM, PA3MAJAIld ce Ha JIBOHKa MIOOHH. AHAIM3BT
Ha CHOUTHSATA € CbCPEJOTOYEH OCHOBHO B T'hPCEHE HA, YKA3aHUs 3a ChIIECTBYBAHETO HA
YACTHUIN, IPEJCKA3AHE OT HIKOJIKO PA3/InIHU Mojesa: T'bpcene Ha Zgg), OT Y bIZKEeHH
crangapren mogea (Sequential standart model - SSM) [67], kbaeTo mombAHETETHHTE
TesKKH BeKTopHH 6o030omu V*E, VY Morar na 6baaT HabI0AaBaHH 110 KaHAJATe Ha pas-
mag VE — [F,v wm VO — [*,17; Tbpcene na Z{w YHETO CHIIECTBYBaHE Ce MpeIpuda
or Teopusita na Besmkoro O6egunenne (Grand Unified Theory - GUT) [68]; tbpcene
Ha Kanyna-Knaitn Bb30y:kaanns #Ha rpaputona G i or Mogennte Ha Pangan-Cyrapym
(Randall-Sundrun - RS) [69, 70]. RS momenbT uMa aBa cBOGOIHN mapaMeTbpa - Macara
Ha I'bPBOTO I'PABHTOHHO Bb30Y2KIaHe W KOHCTAHTATa Ha B3aUMOJEHCTBUE ~ ML}N K'bJIETO
k e KpuBHHATa Ha JOI'bJIHUTEHOTO U3Mepenue, a Mp; e peaynupanarta [Lrankosa maca.

3a 1eJTa HA TE3U aHAJIM3M €A W3MOJ3BAHU JAHHU OT MPOTOH-IIPOTOHHH (PP) B3aMMO-
JeHCTBUSI TP €HePrHsl B IEHTHD Ha MacuTe /s = 8 TeV, ¢hboTBeTCTBAIIN HA HHTETPATHA
ceerumocT oT 4.1 £ 0.2 fb~!. PesysnraTure ca KOMOMHEpAHN C Pe3YJATATHTE OT aHAJIM3A,
basupan Ha 06paboTKaTA Ha JAHHU OT PP B3auMmojeiicTeus ipn /s = 7 TeV u uarerparna
ceerumoct ot 5 fh™! [74].

B jmonbHerwe KbM Te3W JIBa aHAIN3a € TMPOBEJIEHO ThPCeHe Ha HOBA BEKTOPHA dac-
TUIA Z*, IPEHOCHTeNl Ha TeH30pHH B3amMogeiictsus |71, 72|. To3u anaau3 e npoBejieH Ha
bazara nHa 20.65 fb~! pp B3aumoseiicTsus, nabpanu ot gerekropa CMS npes 2012 r. npu
eneprus /s = 8 TeV.

8.2 Crparerus 3a ThbpceHe HA TEeXKKHN HeyTpaJiHu 6030-
HU

Crparerusita Ipu ThPCEHETO HA TEXKKW PE30OHAHCH e ciennara: 36upar ce cwbutus, B
KOUTO MMa TIOHE JBAa MIOOHHU KaH/WJaTa C MPOTHBOIOJOXKEH 3HAK M C€ PEKOHCTPYHUpa
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MHBAPHAHTHATA, Maca Ha MIOOHHUTE IBOMKH. Bb3MOKHA IPOABa HA CBLIIECTBYBAHETO HA
TeKKM BEKTOPHHU YACTHIU OM OMJIO HAOMIOJABAHETO HA TECHH PE30HAHCHU CHLCTOSHHS,
paznaamu ce 10 JaBoiika jgentonu [66]. Tlpu orcbeTBre HA KAKBBTO U /18 GHJI0 PE30HAHC,
npu macu mag M, > 120 GeV/C? ocnosruaT npuaoc nasa ot pen-u nponecu |60, 61]
1 pasupeeseHIeTo OM TpgaOBaIo 1a € IIaIKO U JIa HAMAJABa eKCIIOHEHIAIHO ¢ Hapac-
TBaHe Ha MAcaTa Ha JBOiiKara MIOOHH. IIpogBaTa Ha €BEHTYAJHUTE PE3OHAHCH CE OUaKBA
KATO U3JIUIILK OT CLOUTHS HalJ ocHOBHEA (poH. EcTecTBeHaTa MMpPUHA HA paslIal, ce IIOI-
YMHSBA Ha pasnpejesenue Ha Bpaiir-Burnep, mokaro pasgenurenHara cnocoOHOCT Ha
neTekTopa - Ha [aycoBo pasnpenenenue. PesoHancuTe ce pasrieskaaT KaTo TeCHH aKO K-
CIIEPUMEHTAJIHO OllpeeeHaTa NUPUHA Ha Pe30HAHCA € JOMUHAPAHA OT pa3je/]uTeTHaTa
CIIOCOOHOCT Ha, JeTeKTOopa.

Kpajiauar pesyarar, KOATO ¢e ThbPCH € OTHOUIEHHETO Ha CEYCHHETO 33 ParKIaHe Ha
7', yMHOKEHO 110 OTHOCHTEIHATA BEPOATHOCT 34 Pa3naj Ha JBa MIOOHA, K'bM CEYeHHeTO
3a paxgane Ha Z° !, yMHOMXKEHO MO CHOTBETHATA OTHOCHTEIHA BEPOATHOCT, T.e.:

o(Z"Yx BR(Z' — u*u™) _ e(Z29) " N(Z")
0(Z% x BR(Z% — ptu~)  e(Z')  N(Z9)

R, = (8.1)

kbaero N(Z') u N(Z°) ca 6pos Z' u Z° cuburusg, a €(Z') u €(Z°) ca chorserno mwh)i-
naTa eeKTUBHOCT 33 perncTpupane u pekoncrpykims Ha Z' n Z°, a ¢ BR ca o3nauenn
CbOTBETHH MAPIUAJIHUA BEPOSATHOCTH 3a Pa3lajl 10 KOHKPETHUS KaHaJ.

CucremarnanuTe eMeKTH, KOUTO BIUMALAT Ha pe3yJaTaTa BKJIIOUBAT pa3jeTUTeHATA
CIHOCOOHOCT HA JETEKTOPa 10 MMILYJIC HA MIOOHUTE, & ChINO U Pa3je/MTejHaTa CIocob-
HOCT 10 WHBAPWAHTHA MAaCa, PAJIUKUTE B T€OMETPUYIHATA e(PEeKTUBHOCT, TPUTEPUPAHETO
U PEKOHCTPYKIHATA MEYKIY JIBOWKNTEe MIOOHU. ToBa ca edexkTn, KOUTo B MajKa WU TO-
roJIIMa CTeIeH 3aBUCAT OT MacaTa Ha JIBOMKaTa MIOOHH. TIXHOTO BJIUSHUE € U3CJIEIBAHO
ype3 MK anain3 win 4pe3 eKClepuMeHTaTIHO Oa3upaHu METO/IH.

HopmanusupamneTo Ha pe3yaTaTuTe, MOJYIeHH IPU BUCOKUTE MACH, KbJETO € ThPCH
HOTeHIHAMeH /' KaHAuJaT, KbM Pe3yJTaTuTe, MOJYUYeH! B MACOBUS JMAIA30H, ChOTBET-
crBam Ha Z°, mompuHACA 3a KOMIICHCHPAHETO Ha HSKOW CKPUTH WJIH TPYIHO OINCHEMHE
cucTeMATHIHU e(PeKTH, KaTO HaIpuMep eeKTH, JIbJKAIIH ce Ha paboTara Ha JeTEeKTOp-
HaTa eJIeKTPOHUKA, HA CHCTeMaTa 3a chOMpaHe Ha JAHHH, JTeTallJId, CBbp3aHu ¢ padoraTa
Ha Tpurepute u ap. Ilo To3n HaYMH BAUSHUETO Ha CHCTEMATHUHUTE €(DEKTH, IbIKAIIH
ce Ha reoMeTpUYHaTa W TpUrepHara e(peKTUBHOCT, KAKTO U e(peKTUBHOCTTA 3a OdJIaiiH
PEKOHCTPYKITUSI Ca CBEJIEHU €NHCTBEHO JI0 TSIXHATA 3aBUCHMOCT OT WHBAPUAHTHATA Maca
HA JBOHKHWTE MIOOHH.

[Ipu Tbpcenero Ha 6030HuTe Z' ¥ G ) € MPUIOZKEH eHAKDB 000D Ha IBYMIOOHHHTE
chOUTHS U eJIHAKBA KPUTEPUH 32 MOJI00P HAa MIOOHUTE. B aHAJIM3BT, CBbP3aH ¢ ThPCEHETO
Ha 0o30HA Z*, e MPUIOKEH JIOb/IHATEIEH KPUTEPHil 32 Ce/JeKIus Ha JBONKUTE MIOOHH,
Ha3upaH Ha XapaKTEePHUTE BIJIOBH PA3MPE/IEICHUS HA bI'bIA HA PA3/INTaHe HA MIOOHWTE,
OTpejie/ieH B CHCTEMATa Ha MOKOi Ha 6030HA.

Yaensr B Jlarpanzkuana, ooucBAall B3aUMOJAEHCTBIETO Ha /' ¢'bC 3apeJeHnTe JEITOHN
MOZKe JIa Ce 3allHIe MO CJIeTHUS HAYUH:

Ly = ng zZ, (8.2)

!Bneemenoro Tyk ozmadenme Z° chorsercTsa Ha 6030ma Z ot CM.
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KbJETO ¢ € KOHCTAHTATa Ha B3auMojeiicrsue ot rpynara SU(2), a v* ca marpunu na lu-
pax. BzaumopeiicTBusTa OT TO3M TUI BOAAT J0 CIeNUMUUIHO pasnpeaeaeHne Ha brbaa 6%,
MO/l KOUTO M3MUTAT JAENTOHUTE B CUCTEMaTa Ha MOKO# Ha JacTulaTta-Maiika, onpejaeneHa
MO OTHOTIEHNWe Ha HAJUTAIINS TapTOH.

dO’Z/
do*

oc 1+ cos®0* (8.3)

Pasnpenenenusra 3a brbjia Ha pa3jiuTaHe Ha MIOOHHUTE, pojeHu oT Z' wiau ot JIpes-
dAn npomecu u3rIeXKIaT eIHAKBO M Ha IpPaKTHKa, pasnaauTe oT pen-AH mponecn u
pasnagure or /' He Morar aa ObJaT pasieNeHd Upe3 U3ydaBaHe Ha TEXHHUTE bIJIOBU
XapaKTePUCTUKH.

Bsanmogeiicteusta oT TeH30pen xapakrep Z* — ptpuT morar ga Gbpar onucanu B
Jlarpan:kmnaHna c:

9 7 1V * *
‘CZ* = m lo" Z(GMZV - al,Zu) (84)
KbJIETO .
o =30 (85)

a A orpassBa eHepreTndHHs Mamab, IPH KOKTO ce MpOsABSBa B3aHMOIEHCTBHETO. 3a OII-
peJIeIeHOCT MOZKe Ja HpeIrnoaoKuM, de A e oT mopsbKa Ha Macara Ha Z*. Pasupene-
JIEHHETO Ha bIVINTE HA pasjuTane 6 Ha JenToHuTe B cHCTEMaTa HA MOKOI Ha 0o30HA 1€
nMa Bua |71, 72|:
daz*
do*
XapakTepHHUTE BIJIOBU PA3IpeaeIeHUus] MOTAT Ja Ce H3II0I3BAT 32 OTIE/IAHEeTO HA €BeH-
TyaJieH cur'HaJj oT chburtud cbe £*. B cucremara na 1mokoir Ha 0030Ha pasipe/iesieHusITa
10 KOCHHYCa OT bI'bJa HA Da3uTaHe MMaT BHa, okasaH Ha durypa 8.1 (IToxyuenure
pesyararu ca ot anain3 #Ha MK manun). Ha durypa 8.1a e mokasan cayqast 3a Ipes-¢Iu
cHOUTHS ¢ MHBADMAHTHA Maca Ha apaTa MoooHa M, > 200 GeV/c?, a na durypa 8.16 3a
cubuTng ¢ Z* ¢ maca Mz« = 425 GeV /c2.

o cos*0* (8.6)

8.3 Ilombop Ha cHLOMTHSA

B nacrogdniug ana/jiu3 ca u310J13BaHl caMo CbOuTHst, KOuTo ca npemunaju nupe3 HLT 1pu-
rep Ha eJJMHIYHI MIOOHH ¢ TIpar 1Mo HampedeH uMmiry/ic ot pr > 40 GeV/c. 3a na ce 3anasu
Opost Ha TPUTEPHUTE CHLOUTUS B JOMYCTUMUTE HUBA € HAJOXKEHO JION'bJIHUTETHO YCJIOBHE,
KOETO OTpaHMYaBa IeOMEeTpUYHHUs paiioH 10 |n| < 2.1. Beuuku u3moi3BaHu JaHHU ca
IpEeMUHAJIH TPe3 eKCIpeceH aHaJIu3 W ¢a W3MOJI3BAHH CaMO Te3W, KOUTO ca OJ0DpeHH |
CepTUPUIMPAHT KATO TOTHY 33 (PU3NUEH aHAJIU3 OT BCIKA €THA MIOOHHA JTeTEKTOPHA CHUC-
Tema. 3a ChOUTHSI, B KOUTO JABOMKATA MIOOHH W3II'b/IHIBA TOPHUTE YC/JIOBUsI, TPUTEPHATA
edexTuBHOCT € 0KOJ10 97% 3a 1esns CeKThLP OT PEKOHCTPYUPAHN JBYMIOOHHU WHBAPHUAH-
tau Mach [75]. 3a asymioonnu macu 10 150 GeV/c? Tesn edeKTHBHOCTH ca OIpeJIeIeH:
¢ merona T&P (rnasa 5.8.1). Tlpu mo-BHCOKHTE MACH, T€3U CTONHOCTH Ca ONpeJIe/eHH
Ha Oasara Ha MK amanmsu u pesyaratute ca npejactaBeHn Ha ¢durypa 8.2. Tpurepnara
edeKTUBHOCT 3a ¢LOUTHA, perucrpupanu upe3 2012 rogunaa e ¢ okoao 1% no-uucka ot
tazu mpe3 2011 roamHa, KOETO Ce ABJIKHU OCHOBHO Ha HAKOW NMPOMEHH B aJrOPUTbHMA,
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Purypa 8.1: Pasupenenenne mo cos OT ‘bI'bjia HAa H3JIHTaHE Ha MIOOHUTE, ONpEeIeIeH B
cucremMaTa Ha TOKOi Ha 6030HA, OTpejiesieHa MO OTHOIIEHHEe HA HAJUTAIMs MapToH. (a)
3a mioomu, ponenn B Iper-5u ¢cvburns ¢ M, > 200 GeV/c?%; (6) 3a MooHH, pojeHn OT
pasnajanus Ha Z* ¢ maca Mz« = 425 GeV /c?. Pasnpenesienuara ca moJTydeHn OT aHAJ3
na MK mannn.

OIIpe Ie IS UMITY/Ica Ha MIooHUTe B cucTeMara oT CSC, a ¢bIIo Taka U OT BbBEXKJIAHETO
Ha JOI'bJIHATETHU KPUTEPHH, OTHOCHO KAadeCTBOTO Ha CJIEJIUTE BbB BHTPEITHHS TPEKOB
JIETEKTOP.

Ot Bcwaku 0700penn 3a HU3NIEH aHAJINS JAHHE Ca MOAOPAHN CAMO Te3H, B KOUTO MMa
IOHE eJINH PEKOHCTPYHPAH BPbX Ha MbpBudHHU B3aumozeiictBus (PV - primary vertex),
KaTO Ce U3UCKBa HAJMIUETO Ha MOHE 4 CJieJId BbB BLTPEIIHUS TPEKOB JIETEKTOP, aCOIUu-
panu ¢ 1031 BpbX. OCBEH TOBA BBPX'bT TPAOBA JIa € PEKOHCTPYUPaH B paMKUTe Ha |r| < 2
cm # |z| < 24cm, KBIETO T U Z ¢a PA3CTOSHUETO B paBHUHATA (T, Y) U CHOTBETHO PA3CTO-
AHAETO TO0 2 MEXKJY PEKOHCTPYUPAHUS BPbX W HOMHUHAJIHATA TOYKA HA B3aUMOJEHCTBHE
(IP - Interaction Point). Hamaranero ua mocieiHoTO yCJI0BHE PeLyupa J0 TOJSMa CTeleH
HPUHOCHT OT KOCMAYHE MIOOHH, KOUTO MOTAT Ja O'bJIaT MOrPEITHO HACHTHMUIMPAHNT KATO
MIOOHHA JBO¥Ka. 3a 1a ce n3berHar ¢bOMTHS, KOUTO Ca cjIeJcTBHe Ha (POHA, C'b3JaBaH OT
CHOIOBETE - M3bIBAHE B HAYAJIHO U KpaiiHo cherostuue (ISR - Initial State Radiation,
FSR - Final State Radiation), or Bcuuku omobpenn 3a anaiau3 JaHHE ca DUITPUDAHU
caMo Te3d, B KOUTO moBede oT 1/4 or ciennte, peKOHCTPYHUPAHH BbB BBTPEITHIS TPEKOB
JETEKTOD Ca ¢ BUCOKA CTENeH HA KAYeCTBO, T.e. 33 TaX TPa0Ba Ja e usbianeno: |dz| < 100,
1 0y, /pr < 10%, KbaeTo dz € HaATbKHUAT MPUIeJIeH TapaMeThp Ha ChOTBETHATA CIIENA,
0, € KOMOMHUpAaHATa HeOoIpeleIeHOCT oT (DPUTHPAHEeTO Ha cJaeJaTa W Ha BbpXa HA I'bp-
BHYHO B3aHUMOJEHCTBHE, & 0y, /Py € OTHOCHTEIHATA HEOIPEIEeICHOCT Ha H3MEPBAHETO HA
HANPEeYHUST UMILYJIC BbB BHTDEITHUs TPEKOB jeTekTop [76].

8.3.1 IloabGop HA MIOOHU

[Ipu noabopa Ha MIOOHHUTE KAH/UJIATH C& HPUIOKEHU CJEeTHUTE YCJIOBUS:

e MioonHus Kauauaar TpsibBa 1a G'bjie PEKOHCTPYUPAH KATO IOGAJEH W KATO TPeKe-
peH MIOOH (ryiaBa b);

e 3a jia nomajHe B IJIATOTO HA TPpUrepHATa e(DEKTUBHOCT, MIOOHHUSIT KAH/IHIAT TPAO-
Ba Jla UMa Hanpeden uMmmyJc pr > 45 GeV/c;
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Durypa 8.2: EdexruBHocr Ha Tpurep Ha eJMHUYHH MIOOHU ¢ pr > 40 u |n| < 2.1, oupe-
JleJieHa ape3 aHaan3 Ha cuMmyanpanu Jlpen-Anr coourus. C yepBeHn TOUKH € 0TOes13aHa
edexTHBHOCTTA HA TpUTepa OT IHpBO HUBO (1), & C¢bC 3e/eHN KBAAPATH U CHHE TPUbI'bJI-

Hu1Y - ebeKTUBHOCTTA HA Tpurepa oT Bucoko HuBo(HLT) u komOuaupanara eeKTHBHOCT
ua apara Tpurepa(L1&HLT), chorBeTHO.

e Hampeunudar npunesnen napaMersbp dxy Ha cIeaTa, peKOHCTPYHPAHA BbB BHTPEII-
HUA TPEKOB JETEKTOP M OIPEJeJIeH 110 OTHOIICHUE Ha PAa3IVIeKJIAHUs I'bPBHYCH
BPbX, TpsibBa ja usmb/iaHsgBa ycaosuero |dxy| < 0.2 cm. 3a manuure ot 2012 1. ¢
IeJl peAylnupaHe Ha MTPUHOCA OT HACJIOKEHU CHOUTHS Oerle BbBeJIeHO U JIOMbJIHU-
TEeJIHO M3UCKBaHe K'bM HAJJI'byKHUs TpuIeseH mapamersp |dz| < 0.5 cm;

e Tpsabsa sa ce orbesiexku, ye rojieMus Opoil HAC/IOKEHU CHOUTUS HaMaJisiBa eek-
TUBHOCTTa Ha CHI'HaJla W BJAHAE€ CUJIHO BBHPXY U30JIUPAHETO Ha MIOOHHUTE KaHIHN-
nparu. Hanmauero wa rossgm 6poit BbpXoBe Ha IMbPBUYHE B3aUMOJIEHCTBUS BOIU 10
yBeJImdaBaHe Ha Opos CJIe/IM Ha 3ape/IeHH YacTHIM, KAKTO U JIO YBeJIudaBaHe Ha
JIeTIo3UpaHaTa €Heprusi B KaJOPUMETPUUIHATA CHCTEeMa. 3aToBa IIPU U30JIHPAHETO
Ha MIOOHUTE Ca BbBCIACHH HAKOM JOII'bJIHUTEC/JIHU USUCKBaHHUA - IIPU OIIPEAC/]IdHEeTO
Ha CyMaTa OT HaIlpEYHUTE MMIIYJICH Ha TpeKOBeTC B M30JIaIIMOHHHA KOHYC, C€ B3H-
MaT IIpeaBu CaMO T€3U, quiTOo HaJJI'b2KEH NPUILEJICH ITapaMeTbp 11O OTHOHICHHE Ha
BbpPXa, KbM KOWTO € acolumupaH MIOOHHUS KaHIUIaT, e mo-Maabk oT 0.2 cm. IIpoc-
JIeIABAHETO HA U3MEPBAHUSATA, HAIIPABEHH B KAJOPUMETPUUYHATA CHCTEMa OOPATHO
KbM ChOTBETHHUsI BPbX Ha B3aUMOJEHCTBIAE € MHOTO TpyaHo. ToBa e mpuunHaTa IpH
30/ IMpaHe HAa MIOOHUTE JIa Ce U3IO0JI3BAT CAMO PE3yJITaTUTE OT OTHOCUTEJTHATA U30-
JIalMsl BbB BBTPEITHUS TPEKOB neTeKTop (rraBa 5.7), T.e. cymMara OT HAIPEYHHTE

UMITYJICH » | pr; HAa BCUYIKH CJIJIH, DEKOHCTPYUPAHH OKOJO KAHJUIATA B KOHYC C
i
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AR < 0.3 (6e3 uMmysica Ha W30JUPAHUS KAHIUJIAT) JIa OTTOBAPS HA YCJIOBHUETO:

ZpTi
——— <0.1 (8.7)
pr

KbAETO Pr € HAIIPDEYHUAT UMIIYJIC Ha pa3lJjiezKAaHKud MIOOH;

B MK namaute, edekra OT HACJIOKEHHTE CHLOUTHUS Ce IOCTHUTA YpPe3 CMECBAHETO
ua renepupanure MK usBagku cbe ZB cbhburusa (raasa 5.3), taka de 6Gposr Ha
mbpBuaHUTEe B3aumoeiicteus B MK cbhbutnsara na ce m3paBuu ¢ 6posi, onpejiesieH
OT €KCIIePUMEHTATHUTE JIAHHHA.

e ll3uckBaT ce MmHUMYM 9 mocje0BaTeTHH MONAJAeHUd B HUBAaTAa HA CHIUIHEBUS
CTPHUIIOB JETEeKTOP, YIACTBAIIN B IVIOOAJIHUS (PUT HA MIOOHHATA CJIEJIA.

e [106a/1HO pekOHCTpyHpaHaTa MIOOHHA cJjeja TPsOBa Ja C'bAbprKa IOHE €/IHA TOY-
Ka, CbOTBETCTBAllla Ha IOMaJeHHUE B CHJINIMEBUA ITUKCEJI0B ACTEKTOD M IIOHE €JHa
TOYKA, ChOTBETCTBAINA Ha IO I€HHe B MIOOHEH JIeTeKTOP;

® PGKOHCprI/IpaHaTa cJieJJa BDBB BBTPpEHIHUA TPEKOB JACeTEKTOP Jda CbOTBETCTBa Ha
MIOOHHM CEeTrMEeHTH B IIOH€ IB€ MIOOHHH CTaHIIUMU.

EdexkruBnocTTa 38 pEKOHCTPYKIIUS U CEJEKIUS €74 HA MIOOHHUTE KaHIUIATH € M3C-
JeJIBaHa Upe3 npuiarane Ha mertona T&P kato 3a mesita ca n3no3BaHN MIOOHW, POIEHU
oT pasmajia Ha Z 6030Ha. KaTo mpobun 0O6eKTH ca M3IOJ3BaHH CJeJIuTe, PEKOHCTPYUpa-
HU BbB BBTPEIIHHS TPEKOB AETEKTOP. 3a epeKTUBHOCTTA HA BCHYKH H30pPOEHU IIO-TOpe
HpaBu/a Ha OTOOP, C UBKJIIYCHUE HA U3OJIANUOHHUS KPUTEPUIl Ca OIPEIeJICHN CJIeIHUTE
croitnocru [18]:

e 3a MIOOHH, DOJICHH B IEHTPATHATA YaCT HA JeTeKTopa, T.e. || < 1.2 - €q =
90.9 £ 0.1(stat)%, KaTo OTHONIEHHETO HA MOJYUICHHTE CTONHOCTH OT €KCIIePHUMEH-
TaJHU JaHHU KbM Te3H, nmoydenn or MK e data/MK = 0.987 + 0.001(stat);

e 3a MIOOHH, DOJEHH B 3aTBApSIIATE YaCTH Ha Jerekropa, 2.1 < |n| < 2.4 - € =
92.6£0.1(stat)%, a ornomenunero ekcnepumentatnn ganmn kuM MK e data/MK =
0.995 4+ 0.001(stat).

EdekTuBnocTTa HA OTHOCHTEIHATA H30JAIAA BB BLTPENIHAS TPEKOB JACTEKTOP € H3-
MepeHa €, = 98.8+0.1(stat)%, a OTHONIEHNETO MEK Ty €KCIIEPUMEHTAIHO OIPEIeIeHUTE
croitroctu u te3u, oupenesnenn or MK e data/MK = 1.001 £ 0.001(stat).

8.3.2 Iloxbop Ha ABOIIKU MIOOHU

KbM JBORKHTE MIOOHH € HaJIOXKEHO M3MCKBAHETO MOHE eIMHUAT OT MIOOHHTE /3 ChB-
nayga ¢ HLT obekr, T.e. ma cbBmaja ¢ MIOOH, 3aJeficTBaJ TpUTEepa OT BHUCOKO HUBO.
CoBnasiennero Mexkjay pexonctpyupanus u HLT MiooH ce Thpcu B paMKHTE Ha KOHYC
AR = /(Ap)2+ (An)? < 0.2, kbgeto Ad u An ca pasIuKuTe B H3MEPEHHTE bIJH
U TCeBIOODP3NHN HA PEKOHCTPYUPAHUS KAHIHIAT U Tpurepuus obekT. ToBa u3nckBaHe
HaJlara JOIMbJHUTEJHOTO OPDAHUYEHUE TIOHE eIMH OT MIOOHHHTE KaHUAaThH (0T JBOHKA-
Ta, MIOOHH) Jla WMa IceBao0bp3uHa |n| < 2.1, mokaTo 3a ApyTHs ce W3HUCKBa Ja Obje B
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PeOMETPUYHOTO MOKPUTHE HAa MIOOHHATA cucTeMa — |n| < 2.4. CBbp3aHOTO ¢ TOBa Orpa-
HUYEHUe, HaMaJsBaHe Ha TeoOMeTpPHUYHATa e(PeKTHUBHOCT 32 PEKOHCTPYUpAHE Ha JIBONKH
MIOOHH € HO-MaJko or 1%.

N3uckBa ce jBara MIOOHA J1a UMAT TPOTHBOIMOJIOKEH eIeKTpUIeckn 3apsan. Ha npak-
THKa, IPU OINpeJieIsHe Ha 3apsijia Ha MIOOHA, Ce M3MepBa BeJWYUHATa ¢/pr. 32 MIOOHH ¢
pr < 300 GeV /¢, GposdT MIOOHH € MOTPEIIHO OTpe/ieseH 3aps e no-mMaabk ot 0.5% [77].
JIByMIOOHHUTE CHLOMTHA C €JIHAKDbB 3apsij Ha JABaTa MIOOHA C€ IMa3dT KaTo KOHTPOJIHA
U3BaJIKA, ¢ KOATO ce Bamumupar MK pesysntatute, ompene/isiniy NPUHOCA HA PA3THIHH
3apsioBo cuMerpudHu (GpoHOBE Hporecn ot CM, karo HanpuMmep TpUHOCA OT ABYOO30HHN
(WZ, Z7) cnourus.

B chOuTusaTa, B KouTo MMa moBede OT eHa JIBOWKA MIOOHW, YI0OBJIETBOPSABAIIA KPUTE-
puuTe 3a 10100p, ce n30dUpa JABoiiKaTa ¢ Hal-rossMa HHBapUaHTHA Maca. VlHBapuanTHaTa
Maca Ha JIBaTa MIOOHA MOzKe jia Obje onpeesieHa 1o popMmyaaTa:

My = v/ 2m,2 + 2E1 By + 2p; - p) (8.8)

KBJAETO My, = m,, = m,, = 105.6583715 £ 0.0000035 MeV /c? e macara Ha MIOOHA B
nokoii [14], a £y, Ey, pi u p3 ca ChOTBETHO €HEPTHUTE W UMITYJICHTE Ha JBATA MIOOHA.

Ha mpaktuka, sbe CMSSW e paspaboren crenuajien ajiropurbM, KONTO M3MOI3BA
codryeprns kiac LorentzVector na nakera ROOT [51], pazpaboTeH crenuasHo 3a Hy K-
JIATE HA eKCIEPUMEHTUTE ¢ BUCOKU €HEPTHH TPH MPECMATAHUSA C YeTHPUMEPHU BEKTOPH.

3a pemaymupane Ha edekTa OT KOMOMHATOPHU WU HACJIOKEHH CHLOUTHA Ce M3UCKBA
TPEKOBETe Ha JIBaTa MIOOHHU KaHJugara Ja pOopMUpaT o0l BPpbX. 3a PEKOHCTPYyUpAHE
U onpejesdHe Ha Ka4ecTBOTO Ha OOIIUS BPbX, aIrOPUTHMbT u3oa3Ba Kanvanos ¢pui-
Thp [42], KaTo OT pekoHCTpyHpaHuTe [BOWKH ce u3bupar camo Tesu, 3a Kouto x2/ndof,
ompejesied oT (puTupanero Ha Bbpxa e mno-mMaabk ot 10. Ilpu omnpejesnsdnero na uHBaA-
PHAHTHA MAaca Ha JBOWKATA MIOOHH, AJTOPUTHMBT HPEHIUNCISIBA UMITYJICA HA MIOOHUTE,
KaTO B3HUMa 110, BHUMaHHUE TOYKaTa Ha O6HII/IH UM BP'bX.

3a peaynupaHe Ha KOCMUYHEUS (DOH Ce HAJAra JOIbJIHUTETHOTO N3UCKBAHE, bI'bJIHT
CKJIFOUEH MeyK/ly MMIIYJICUTE Ha JBaTa MIOOHA jia Obie mo-mMaabk or m — (.02 rad.

DY Mass 200 signal MC Z¥ .
9 signal MC Z*
o DY Mass 200 E Entries 56572
F Entries 53541 800 Mean 05014
5000/— | Mean 07146 E RMS 02433
[ [rvs 0255 700 Underflow 0
[ |underiow 0 soF- Overflaw o
4000— | overfiow [} E intogral 5837404
C Integral  5.354e+04 500;
3000(— E
F 400(—
2000~ 300
r 200—
1000~ E
F 100—
L sl ST PRI NN FEETY FEETE FETEE T N El b b e b b Ll b L
“ 01 02 03 04 05 08 0.7 0 of 02 03 04 05 06 07 08 08 1

0.8 0.9 X
sin 2Theta_CS sin 2Theta_CS

(a) (0)

®urypa 8.3: Pasnpesesenne 1o sin? or bI'bja Ha H3JUTaHe Ha MIOOHUTe, olpejesieH B

cucTeMaTa Ha TOKOH Ha GO30HA, ONpeJe/eHa Mo OTHOIMEHNe Ha HAJUTAIIAA TapToH. (a)
3a mioonu, pogenn B Ipes-5In ¢cuburus ¢ M, > 200 GeV/c?; (6) 3a Mo0HH, pogenn ot
pasnaganns Ha Z* ¢ maca 425 GeV /2.
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®urypa 8.4: Pasnpesesrenne mo pasaukure An = n(u~) — n(p*). (a) 3a mMoonu, poienn
B Hpen-§lu ewvburus ¢ M, > 200 GeV/c?; (6) 3a MoooHH, pojeHn oT pasnajanus Ha Z*
¢ maca 425 GeV /2.
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®urypa 8.5: Bpbska Mexxny BemumauauTe An u sin? 6%,

KaxkTo Beue Kazaxme, bIJIOBUTE PA3IPEIEHNsI HA bI'bJla Ha pa3IUTaHe Ha MIOOHA (BHZK
durypa ?? B cucremMaTa Ha IOKOI Ha YacTHIIATa-MaiKa Morar Jia 0bIaT U3MOI3BAHNA KATO
JIOIbJIHATE/ICH KPUTEepuit Ha 1moa00p Ha JjiBoiikaTa MiooHH. CbIIO TaKa MHTEPEC IMPejC-
TaBJIABAT U PA3IpeIeIeHAdTa Ha BeInInHaTa sin’0*, KonTo ca mokazanu Ha dburypa 8.3.
Anannzsr va MK nanan mokassa, de mpu npujaaraHe Ha JOMbJHUTENEH (DUITHD, MPO-
IIyCKAIl eIMHCTBEHO cHONTHA, KbiaeTo sin’f* < 0.9, donbr ot pen-dn cuburns Moxke
na Obae peaynupan ¢ oko1o 34%, nokaro usrybenure Z* cnbutug ca easa okoso 4% ot
I'bPBOHAYAJIHUASA UM OPOIi.

Tbit KaTo BIBIBT 0% e IPIKO CBBP3aH ¢ MCeBIOOBP3NHATA 1), IO-MHTYUTUBHO € Ja Ce
u310138a pasnpegeseanero no An = n(p~) — n(put), nokasano na durypa 8.4. Tpuna-
raHeTo Ha (OUITHP, MPOMYCKAIl eJIUHCTBEHO ChOUTHsI, mpu Kouto |n| > 0.8 uma cbius
ecbexT KaTo npuaaragero Ha GuATHP 10 sin® * < 0.9 (dburypa 8.5).

Jlomb/IHUTEIEH KPUTEPUii 38 CeJIEKIUSI MOXKe Ja Obe bI'bIbT, KOKTO CKII0YBAT IBATA
MiooHa B paBHuHara (z,y). Ha durypa 8.6 ca nokazann MK pesyararu 3a Te3u brioBu
pasmpejeseHudaTa 3a JIBOWKH MIOOHU, pojeHu B Jpen-Au cbbutusg ¢ nHBapuaHTHa Maca
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®urypa 8.6: Pasupenenenne o paznaukure Ad = ¢(u~) — ¢(u™). (a) 3a moonn, posern
B [Ipen-Slu cuburua ¢ M, > 200 GeV /c?; (6) 3a MIOOHH, DOJICHY B ¢HOUTHS C pazKIaHe
Ha IBoiikH tt; (B) 3a MIOOHH, pojeHH OT pasnazanusd Ha Z* ¢ Maca 425 GeV /¢,

Ha gBofikure Mooonn M, > 200 GeV /c?, 3a cuburns ¢ pakgaHe Ha JBOKH tf u ¢HOUTHS
¢ TeH30pHHU B3aummoneiicTeug. KakTo Moxke ga ce 3abenexxku or durypara pOHLT OT it
cHOUTHS MOXKe 13 ObJe ChIIeCTBEHO PeIyIHpaH aKo Ce IMPOIYCKAT ChOUTHS K'bIETO Pas-
mukata A¢ = ¢(u~) — ¢(u™) e 6nuska 10 |7|. B rabuma 8.1 e mokasana edeKTHBHOCTTA
1IpU NpUIIAraHe Ha ‘bIJIOBHTE KPUTEPHH 3a noaoop sin’ 6* u A¢, oupeje/enn ¢ anajius Ha
MK nawam 3a mocodeHuTe TPH TIpoleca. B mocaennara KOJIOHA Ha TabJIUIATA € MOKa3a-
Ha KOMOMHUpaHaTa eEKTHUBHOCT Ha JBaTa KPUTEpHs 3a cejekims. KakTo Moxke Ja ce
3abesleKH OT MpeICTaBeHUTEe Pe3YITATH, KOMOMHHPAHETO Ha JBATa KPHUTEPHUs Perynupa
opod tt cuoutug 10 13% or mbpBoHaYaIHAA UM O0poil, croutuara or pes-9Iu 1o 49.5%
OT WbPBOHAYAJHUS UM OpOii M 3ana3sa 77% orT curnHajgnure Z* ¢nourns.

8.4 0O6ma edpeKTUBHOCT 3a PEKOHCTPYKIIUA 1M MIAECHTH-
dbuKanmsg Ha MIOOHUTE

Ha durypa 8.7 e nokazana obmiara epeKTUBHOCT 38 PEKOHCTPYKIHUSA U HIACHTUMDUKAIIIS
Ha ,ZLBOP'IKI/ITG MIOOHHU KaTO beHK]_[I/IH Ha TAXHAaTa MHBapHAaHTHA MacCa, 3a C”b6I/ITI/IHTa, II0-
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IIponec sin?0* < 0.9 | Ag = |7 £0.25 | sin? *&A¢
Hpen-$In M, > 200 GeV/c? | 66.24% 75% 49.5%
tt 64.74% 20% 13%
A 96.2% 80% 7%

Ta6smna 8.1: EdexruBnocr Ha Kpurepunte 3a cesekius sin?@* u A¢, onpejesenu 3a
cpoutusg or CM u 3a ¢bOUTHS ¢ TEH30PHH B3aUMOJEHCTBUSI.

na/Ialll B TEOMETPUYHKS PaiioH Ha MIOOHHATA CHCTEeMa, KaKTO 1 00IaTa epeKTUBHOCT 3a
TPUTepUpaHe, PEKOHCTPYKITHSI U HIeHTUMDUKATINS 38 BCHUKH CHOUTHSI (B U U3BbH [eOMeT-
PUYHOTO TIOKPUTHE HA MIOOHHATa cucrema). Kakro ce Buxkaa ot ¢purypara, e(beKTHBHOCT-
Ta, 33 PErUCTPUPAHE HA JBOMKH MIOOHHU, PoJeHE 0T pasuaju va Z (Myz = 91.1876 £0.0021
GeV /c?) [14] e Bomena, KoeTo ce Jb/ZKU Ha TIOBUIIEHHTE [PAroBe 110 HAPEYHH UMILY/ICH
HA TPUTEPHUTE HA €IUHUYHEM MIOOHU. Pesynararurte, mokaszanu Ha (urypara ca NoJIydeH:
ot ananu3 Ha MK nannu ¢ Apen—du cooutud. Pesynrarure, nonydenn or MK jannu c¢be
Z' wnn Z* ¢cbOUTHS UMAT CBINHA BHJI, Thil KATO U IPH JABATA IIPOIECa B3auMOIeHcTBIATA
ce OCBINECTBABAT 10 KaHata qq — 7, Z, Z', Z* — 2u. Tbil KaTo eBeHTYATHOTO pazKIaHe
HA TPABUTOH MOKE JIa Cé OCHIIECTBU KAKTO BCJIEJACTBHAE HA AaHUXUJIMPAHETO HAa KBAPK H
AHTHKBAPK, TAKA U KATO Pe3yJITaT Ha CJHBaHe Ha jBa riyoHa (gluon fusion), reomerpun-
HaTa e(EKTHUBHOCT € eJTHAKBO JI00pa KAKTO IPU IO-HUCKUTE, TaKa U IPH II0-BHCOKUTE
MacH.

3a aBoitku M00HHU ¢ Maca m,, > 600 GeV/ c? obmara edeKTUBHOCT 32 BH3CTAHOBS-
BaHe Ha CHOUTHATA € Mo-rostaMa oT 65%, a 3a aoiiku ¢ my,, > 1 TeV /c? Ta e no-ronama
or 70%. Kpusara na obmara edekTusHOCT ¢ (pUTHpaHa ¢ QPyHIAATA;

fm) =a+ ﬁ .9)

Obmara epeKTHBHOCT 3a Bb3CTAHOBSIBAHE HA CHOUTHsI, ONPEIE/IeHA 32 JAHHUTE, Ha-
oupanu nipe3 2011 r. e mo-Bucoka ¢ okono 10%. OcHoBHa NpUYKMHA 3a TOBA € BbBEJIEHOTO
npe3 2012 r mo-CTpUKTHO ycJjoBHE 3a IoHe 9 ,yjIapeHH’ HUBA B CHJIUIUEBHS CTPHIIOB
JIeTeKTop?.

8.5 MUMznoa3zsanm MK nanHm

B xomkperHng ananus, yKa3zaHUATa 3a CHIIECTBYBaHe Ha €BEHTYAJHU TEKKH PE30HAHCH
ce Da3upa Ha T'hPCEHETO Ha KOHKPETHU KOHQUIYypaIlud HA KPaWHUTE HPOAYKTH OT TIX-
HOTO pa3majaHe, a MUMEHHO JIBa MIOOHA C ITPOTHUBOIMOJIOXKEH 3apsi. Peauiia mpornecu or
CM unmat cpmara curaarypa. OCcBeH TOBA C'bITECTBYBAT U IIPOIECH, IIPU KOUTO KPaHMA
HAOOP OT JIBbIIEPHU YACTHIM BKJIIOUBA JBOMKHM MIOOHH C IPOTHBOIOJIOXKEH 3HAK. Te3u

Ipu amanmsa Ha naHHd, Habmpanu mpes 2011 I. ce H3UCKBAXa IOHE 5 TONAIeHns B HIBATA, Ha, CHJIHIII-
eBUs CTPUIOB /eTeKTop. B Hagamoro na 2012 r., MIOOHHATA TPYyIa BbBEE HOBO IMO-CTPOr0 M3UCKBAHE 334
noue 9 TakuBa nonasenus. lIpuunnara e, 4e mpeMUHABAHETO HA BUCOKOSHEPIe€THYEH MIOOH IIPEIM3BUKA-
Ba 1nopoiinu edexkru B cuinnuesus Jerekrop. Peasm3upanure BciaeacTBue HA TOBA IIONA/IEHUS [IOHIKOIA,
BOJISIT JIO TIOTPEITHO PEKOHCTPYUPAHe HA MIOOHHU KaHIUIATH WJIU JI0 TIOTPEITHO OTpeJIeIsTHE Ha UMITYJICA.
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Qurypa 8.7: Ob61ma eeKTHBHOCT 338 PEKOHCTPYKIUS U HOJ00p HA JBOUKH MIOOHH KaTO
dyHKIMA Ha TAXHATA MHBADUAHTHA Maca, 3a cbourugra, upemunau upej HLT u L1 1pu-
repu W MOMAJIAIN B TeOMETPUYHHS DAfioH Ha MIOOHHATA cHCTeMa (YepBeHH KPBroBe); [0
OTHOIIIEHHE Ha CHOUTHITA, TONAJAIN B TeOMETPUIHIS PailoH (3e7eHn KBaapaTh); obia
edeKTUBHOCT (TpHrepHa, TEOMETPUIHA, PEKOHCTPYKIUA U TOAGOP) 3a BCHYKH CHOUTHSI
(cunu TpubrbIHUIM), onpedeaeHa or MK manuu. Che cUHS HENpPeK'bCHATA JIMHUS € MO~
Ka3aH (puTa Ha KpUBaTa Ha 00IMaTa e(peKTUBHOCT 34 ABOUKHN MIOOHU B MAaCOBHS HHTEPBAJ
or 200 1o 2000 GeV /2.

IPOIECH Ce ABABAT ecTecTBEH (POH IPH ThbpPCEeHeTO Ha HOBH dacTui. [lo Ta3um npuduna
aHanusupanero Ha dona or CM e oT M3KJIIOUUTETHA BasKHOCT 34 OIEHKATA Ha KPalHUs
pesyarar. OcBeH ToBa, nporecure or CM ce u3moa3BaT 3a BaJduIupaHe padboTraTa Ha Je-
TEKTOpa U OIlpejie/idHe Ha HeroBara edekTuBHOCT. B Tabinia 8.2 ca moka3aHu HIKOU OT
MK wu3BajkuTe, nznon3sanu upu mogeanpane Ha ¢pouna or CM, a B Tabmumu 8.3, 8.4 ca
npejicraBeHn JacT oT curtajuuTe MK m3Bajiku, H3MOI3BAHN PU HACTOAIIUSA AHAJIHS.

Twit kaTo ceuernnero 3a pes-u nporecn Hama siBa eKCIIOHEHITNAIHO C HAPACTBAHETO
Ha MHBapHAaHTHATA Maca Ha JIBOHKaTa JIEITOHH, 3a Ja ce 00e3lMedd JTOCTATHIHO CTATUC-
THKa ca reHepupann HakoJko MK M3Bagkm ¢ paszinmdyeH MHHEMAJEH Ipar o Maca. B
MOCOYCHUTE JTAHHU B TabnIa 8.2, ceueHnsITa Ha MPOIECUTE C& MPECMETHATH B JTHPBECHO
npubInKeHne, KaTo 3a [eJITa e H3M0A3BaH reHepaTopa Ha cubuTus Pythia 6 [36], a kopexk-
muute ot whpBu mopsabK (NLO) ca onpenenenn ¢ nmomorira Ha reneparopa POWHEG
[39]. 3a amanus ma donosure cbouTHa or CM u curnamunte Z' ¢LOUTHS ca W3MOT3BAHU
u3Baaku ot neurpaianara MK npoxykmusg na CMS. Curnaianu Z* ¢bbutus ca renepupa-
HHU C TIOMOIITA Ha reHeparopbT Ha chouTus CalcHEP [59], karo e uznoassan Mogersr Ha
AHOMAJIHH B3anmMojieiicrBaiy 6o30uu |73]. TenepupannTe U3BaJKu Ca MPEMHHAIH I'bJIHO
JETEKTOPHO CUMYJUPaHe U PEKOHCTPYKITUA.

101



[Tponec [TapameTpn ‘ cedenue o [pb]
DY — it M, > 20 GeV/c? 1915 (NNLO)
M, > 120 GeV/c® | 11.94 (LOx 1.268)
M, > 200 GeV/c* | 1.49 (LOx 1.268)
M, > 500 GeV/c* | 0.0451 (LOx 1.268)
M, > 800 GeV/c? | 0.00571 (LOx 1.268)
M,,, > 1000 GeV/c? | 0.00189 (LOx 1.268)
M, > 1300 GeV /c? | 4.50E-4 (LOx 1.268)
M,,, > 1600 GeV /c? | 1.18E-4 (LOx 1.268)
DY > 17 M, > 20 GeV/&2 1915 (NNLO)
t 225.2 (NLO)
W 11.2 (NLO)
W 11.2 (NLO)
WW 57.1 (NLO)
Wz 32.3 (NLO)
Z7 8.3 (NLO)
W — In.] < 2.5 9130.0 (NLO)
W — jets 36257 (NNLO)
Inclusive — uQCD pr > 20 GeV/c 3.64E8x 3.7E-4 (LO)
In(p)] < 2.5
pr(p) > 15GeV/c

Tabmuna 8.2: MK namnu, nsmnosssanu 3a onenka Ha (oHa or cbbutus or CM.

8.6 Amnasm3 Ha douoBute npomecu or CM

Ha durypa 8.8 e nokazan npuroca na mnporecure or CM B 1ByMIOOHHHS MaCOB CIEKTHD.
Pesynararure ca nmonydenn Ha 6aszara Ha MK ananus. Ha cbimara dpurypa e nokasan u
eKCIIePUMEHTAJIHO MOJYYeHud MacoB CIIEKTHbp Ha Oa3aTa Ha JIAHHH, ChOTBETCTBAIU HA
MHTerpaJjna cserumoct oT 12.96 fb1,

[Ibaauar Hpen-2H MacoB cieKThp € HOpMHPAH Ha eKCIepUMEHTATHUTE JAHHU, KATO
e 310/ 13BaH OpOost CbOUTHS, MOTAIAIIN B MACOBUs TPO30PeI], OKOJI0 TTNKa Ha / B HHTEPBa-
1a 60 — 120 GeV/c2. B ocranasure ciydau, Gpodr Ha ChOUTHATA € HOPMUPAH ChoOPa3HO
HHTerpajiHaTa CBeTHMOCT U CeYeHUsSTa Ha ChOTBETHHUTE Ipolecu. KakTo MoxKe Jjia ce 3a-
besiezku oT pUryparTa Hafl-roJsgM IPUHOC B MACOBHS CIEKTHp HaBa oT [Ipen-An mponecn,
OT pazKJaHe Ha JBOHKH tf U 1ByOO30HHU CHLOUTHA.

8.6.1 JIpen—4u nmpoiiecu

Bwe dona, cu3gasan ot mporecure ot CM, nomuauparni npunoc umat pen-fu chbourn-
ATa, B KOUTO Ce pazkjaar /1Ba MiooHa (durypa 8.9a). B pesysnrar Ha B3anMOJeHCTBHETO HA
KBapK € aHTUKBapK ce pakJa JTBOWKa (pepMUOHM € eTHAKBB apOMaT H C MPOTHBOIOJIO-
JKeH eJIeKTpUiecku 3apsja. BaaumomeiictBuero ce nmpenacs ot GoToH win 7Z 0030H U TpU
eHepreTudeH Mamnad Mmo-rojisiM OT Macara Ha 7 0030HA JBaTa MPOIeca Ha MPAKTUKA He
morat ja Obgaar pasaesnenn. B ciaydasi, TpUHOCHT B MACOBUS CIIEKTHD HIBA OT PA3MaIH,
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[Tponec \ [Tapamerpu \ ceuenue o [pb] ‘
Z'y — it | M =750 GeV/c2 | 0.14 (LO)
M =1000 GeV/c? | 0.0369 (LO)
M =1250 GeV/c? | 0.0129 (LO)
M = 1500 GeV/c? | 0.00433 (LO)
M = 1750 GeV /c? | 0.00172 (LO)
M = 2000 GeV /c? | 6.88E-4 (LO)
M = 2250 GeV/¢? | 2.93E-4 (LO)

(LO)
(LO)

M = 2500 GeV/c? | 1.27E-4
M = 2750 GeV/c? | 5.55E-5
M = 3000 GeV/c2 | 2.5E-4 (LO)

Tabauna 8.3: MK nammu, u3moa3Bany 3a MOJAeIUpaHe HA CUTHAJIA Ha 2 CHLOUTHS.

[ponec [Mapamerpn \ cedenne o [pb] ‘
7" = it | M =400 Gev /2 | 14.648 (LO)
M =425 GeV/c? | 10.356 (LO)
M =450 GeV/c? | 9.357 (LO)
M = 500 GeV /c? 6.21 (LO)
M =550 GeV/c? | 4.257 (LO)

Tabmuna 8.4: MK namuu, n3mosBany 3a Moe/IMpaHe HA CUTHAJIA HA Z* ChbOUTH.

KOWTO Ce OCBIMEeCTBABAT 10 KaHaga qq — /4 / v — ,u*,u’ JUPEKTHO, WIN NpPe3 Pa3naInuTe
Ha JIBOUKHWTE T JEINTOHH.

8.6.2 Paxknane Ha nBoiiku tt, 1By0GO30HHM CHLOUTHUS M IIOTPEIIHO
NAeHTU(PUINPAHN JIEIITOHNI

CuesBaimus 10 31a4uMOCT GOHOB HPOIEC Ca ChOMTUATA ¢ pazKaHe Ha JBoiKH ¢t (ury-
pa 8.96) no kanamure ¢ — g — tt mam gg — g — tt. Ha npaxruka pomenure t KBapku
ce pasmajar BeJHAra W CJIeJUTe Ha JEeNTOHHTE OT Te3W PA3Naad MOTAT A3 ObIAT IIPOC-
JIeIeHU 70 BbpXa Ha IIbPBUYHOTO B3amMogmeiicrsue. [1o Tasy npuunmpa,npyu agaam3a Ha
eKCIICPUMEHTAJHI JAHHA € TPYAHO Ja Ce OLEHH KAKDB € IPOICHTA Ha JBOHKATE MIOOHH,
POICHN OT paslaJuTe Ha  KBAPKHUTE CIpaMo ocHosHud pen-sIn don. CbimecrsyBar un
JIPYTH IIPOLECH, IPU KOUTO CJCAUTE HA IBA JICHTOHA MOTAT Aa ObIAT IPOCICIACHH KbM
eJIMH U CbII BPbX HA B3auMojeiicTBue (Taka HapedeHnTe Obp3u jentonn). Takusa mpo-
IECH Ca PAaKJAHETO Ha eJuHWYHM ¢ (uiu f) KBapK CbC mwiu 6e3 acOMMUPAHO parkIaHe
Ha W 6030H (durypa 8.10). 3HaunM e IPUHOCHT U Ha JBYOO30HHU CHOUTHS (MIPUMEPHO
qq —=>2W+ X =5 2u+X,q4 — Z/y —=2W,q7 = 2W + X - 2Z + X — 4pu+ X).
Anamusbr ma MK gannm gaBa CBOMTE NpeacKa3aHud 3a Opod Ha Te3d CLOUTHH, HO
TpAOBa 1a ce UMa IPEeIBHI, 9e 3AJI0KCHUIT TCOPETUICH MOAET B CUMYJIAIUATE, BL3IPOU3-
BEKJA CAMO Ta3d 4aCT OT (DU3MKATA HA TE3U HPOLECH, KOATO HU € U3BECTHA, 10 MOMEHTA.
3aroBa Ipu OllEHKaTa Ha TEXHUS IPUHOC € KeJIaTeJHO npejacka3annaTa va MK ga 6baar
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Qurypa 8.8: Pazupeenenne 1o HHBapuaHTHA Maca Ha JBOMKI MIOOHU € IPOTHUBOIIOIO?KEH
3HakK. C YepHU TOUYKH Ca MOKA3aHU €KCIIePUMEHTATHO OIYyYeHUTe pe3yaITaTh Ha Oa3aTa Ha
12.96 fb~!. BambanennTe ¢ MBAT XHCTOIPAMH OTPA3dBAT IPUHOCA HA PA3JNYHI IPOICCH
ot cranmapTaus Mojena. CbC CBETIO CHHLO € moKasaH npunoca ot Jpen-fu mporecn c
JIBa MIOOHA B KPailHOTO CLCTOSIHUE, ¢ YePBEeHO - ParkJaHeTo Ha JIBOMKHM tf, ¢hC CHHKO,
3€JIeHO W JIMIABO - JBYOO30HHH CLOWTHS, a ¢ 9epHO U KaddBo - paxKIaHe Ha ¢ U { KBapK,
aCoOIMUpPAHO ¢ paxKkiaane Ha W 6030H.

BAJTUIUPAHN OT OIEHKU, W3BJICYEHN OT aHAJN3a HA €KCIIePUMEHTATHUTE JTaHHU. 3a BCUY-
K1 U30POEHH 1O-IOPe MPOHECU MOXKe JIa Ce TBbPJ/M, Y€ [0 OTHONIEHUE Ha JIEHTOHUTE Te
ca apomaTtHo cuMerpudanu. OT JENTOHHATA YHUBEPCATHOCT HA CJabuTe B3aNMOAEHCTBUS
cJae/iBa, Ye BEPOSATHOCTTA 3a pas3lajaHe J0 HAKAKBO KPalfHO ChCTOSHUE, BKIIOYBAIIO JIBA
eJIeKTPOHa WJIU JIBa MIOOHa O TpAGBaJIo Jia e ejHakpa. [lo Tasu npuynna, Ipyu pasnajure
Ha t M t KBADKATE, Ce OYAKBA, € aKO B KOHKPETCH HA0Op OT JAHHH Ca HAMEDPEHH N;i‘ife
MIOOHHU JIBOMKHU € IIPOTUBOLOJIOKEH 3HAK, TO B ChbLIMTEe JaHHKU O1 TPAOBaJIO Ja ce 0YaKBaT
%Néi‘ﬂke Ha Opoil ABOIIKM €eKTPOH-MIOOH ¢ TPOTUBOMNOJIOXKEH 3HAK. [Ipu popmupaneTo
Ha JIBOMIKUTE eJeKTPOH-MIOOH €€ M3UCKBa €JIEKTPOHHUS W MIOOHEH KaHIMJaT Ja ca Hpe-
MUHAJIH CHOTBETHUTE MpaBmIa 3a moaoop (rnasa8.3.1). [Ipu dpopmupanero Ha KpaiiHata
eKCIIePUMEHTATHA OIEeHKA Ce MPABAT HAKOJKO JOMbJIHATETHH KOPEKIHH, KOUTO OTYUTAT
pa3anyHaTa reOMeTPUYHA ePEKTUBHOCT W PA3INIHATA e(PEKTUBHOCT 338 PEKOHCTPYKITUS
Ha MIOOHUTE M ejieKTpoHuTe. KbMm 001ug npunoc BbB (poHa TpgabBa ja ce J00aBgAT H
cHOUTHUATA, B KOUTO €JIUH WU U JIBATa KAH/IMIATa Ca TOTPEIHO UAeHTH(hDUIMpan u pe-
KOHCTPYUPAHU KaTO JIENMTOHU. TaKWBa ChOUTHUSA ca TPUMEDPHO JABYCTPYUHU CHOUTHS WIH
chOUTHS, CHIPOBOJAEHHU ¢ paxkaane Ha W u agponna crpyd. TpsadBa 1a ce ordenexku, de
MO-BEPOSITHO € MOTPEINTHOTO WICHTUDUIMPAHE HA aJPOHHA CTPYS KATO €JIEKTPOH, OTKOJI-
KOTO HACHTHQHUIUPAHETO it KaTo MIooH |74]. B Tabsiuna 8.5 e mokazan 04akBaHUs IPUHOC
OT CHONTHS € TTOTPEITHO NaeHTHDUIIPAHA MIOOHH. AHATH3BT € Bb3 ocHoBa Ha 4.1 fh(— 1)
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®urypa 8.10: DailHMAHOBH THArPAME Ha €JEKTPOCIAOH IPOIECH ¢ PaXKIaHe HA eTHHIIeH
Ton KBapk -(a) s kamas; (b) ¢ kanam; (¢) ¢ acormuupano paxkaame na W 6030H.

pp sanuam ot 2012 1.

Ha ¢urypa 8.11 karo nupumep e 1nokazaH MacoBus CHEKTbD 3a €ft cbOuTus, HadII0/ 1A~
Banu B ganuuTe oT 2011 1. 3ambaHeHara B 4epBeHO XucTOrpaMa mokassa MK pesyararure
3a OYaKBaHWA OpONl IBYMIOOHHU CHLOWTHA, CBbP3aHU C paykaaHe Ha IBOHKH tf mau chou-
T ¢ O'bP3U JENTOHN. 3all'bJIHEHATA B K'bJITO XUCTOTpaMa 0Tpa3sdBa MPUHOCA Ha CHOUTHS,
C TIOHE eJINH KaHIUJIAT, HOTPEITHO WIeHTU(MUINPAH U PEKOHCTPYHUPAH KaTo JienToH. Kak-
TO MOKe J1a ce 3abenexkn MK mpeckazanusaTa Bb3MPOU3BEKIAT 100pe eKCIIePUMEHTATHO
HOJIy4YeHUs MACOB CHEKTbP.

8.6.3 IIpuHoc oT KOCMUYHU CHOUTHUS

B 00must MacoB CIIEKTBD € Bb3MOKeH HIPUHOC B OT KOCMUYHI MIOOHH, IDEMUHAJHN IIPe3
IMeHTbpPa Ha JeTeKTOpa U HOIPENIHo HIeHTHMOHUIIPAHT KaTo JBOKa MIOOHH ¢ IPOTHBOIO-
7okeH 3HaK. [IpurocsT HA TakwBa cHOUTHS 32 Macu M, > 200 GeV/ c? e onpejiesieH Upes
u3caeBaHe Ha edeKTa OT IPHUIaraHeTO Ha Pa3IWYHU KPHTEPUH 3a MOA00D Ha MIOOHHUTE
KanauaaTu (rrasa 8.3.1). Pesyararure nokassar, 4e npujaraHuTe KPUTEPUH DEyIHPAT
IPUHOCA OT KOCMUYHHU MIOOHH B OOIIHsI MACOB CIEKTHDP 70 0KoJo 0.2 cvbutus [75].
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Maca [GeV/c¢?|

KX/I cbbutus
C eIHAKDB 3HAK

KX/I cubutus

C IIPOTUBOIIOJIOZKEH 3HaK

120 — 200

200 — 400

400 — 600
> 600

15£3
5+ 1.8
1.4£0.5
0.2£0.1

8.4+2.5
3.3£1.15

0.8£0.3
0.04+£0.2

Tabmmma 8.5: ExcriepuMeHTATHO ONpe/iesieHd MpeICKa3aHns 3a MPUHOCA B JBYMIOOHHUS
MaCOB CIEKTbP OT JABYCTPYHHU CHOUTHS WIN CHOUTHUS ¢ paxKaane Ha W u apoHHa cTpy4,
B KOUTO €JHa WUJIU AB€ a/JPOHHHN CTPYH Ca PEKOHCTPpYHUPpaHHU IIOTI'DEHIHO KaTO MIOOHH. HO—
Ka3aHUTe Pe3yATaTH ca Bb3 ocHosa Ha 4.1 fb~! pp mammm or 2012 T

8.7 Pezyaratu

8.7.1 Texkm BekTOpHU 0030HU M Kasyna-kiaaiin Bb30yXkKaaHUA
Ha TPAaBUTOHA - TPAHUIIA HA U3KJIIOYBAaHE

Ha ¢durypmu 8.12a n 8.13a ca moxkazanu MacOBHTE pa3lpejie/ieHus Ha JBOHKUTE MIOOHH,
NpPeMUHAJIN BCHYKH KPUTEPUHU 3a 1mog0op. Pa3mpeesiennsita ca MOJyIeHN OT aHAJIN3 HA
5.3 tb~! pp mammm, cuopamm mpes 2011 . u 4.1 tb™! pp mamnm, cubpanu mpes 2012 .
Onenkara 3a npunoca Ha ¢ona or CM e nmoayden or MK namnu. OTHOCUTE/JIHUTE MIPH-
HOCH Ha pazandnuTe (boHOBU KOoMIOoHeHTH 0T CM ca HOpMHEpPaHH ¢HOOPA3HO TEOPETUIHO
OTIpE/IeJIEHU CeYEHUsI 32 Te3U porecu. [Ibaaugar cumyaupan (POH € HOPMAJTU3UPAH KbM
eKCIIEPUMEHTATHUTE JTAHHU ChOOPA3HO Oposi CHOUTHS B MACOBHUS MPO30PEI] OKOJIO TTHKA
Ha Z (60 < m < 120 GeV/c?). 3a mbanora na usnoxennero na durypu 8.126 n 8.136
ca MOKa3aHH U Pe3y/ITaTUTe B JABYeJeKTPOHHHA KaHAJ, KATO aHAIM3bT e Ha 6asza 5.0 fh~!
JAHHM, HaOpaHu TpH eHeprus /s = 7 TeV u 3.6 fb~! nanun, mabpanu npu emeprus
Vs = 8 TeV |74, 75]. B rabumuu 8.6 u 8.7 e nOoKa3aHO CPABHEHUE MEXKJly OYAKBAHUSIT
bpoit u 6pos Ha HAOJIIOJABAHUTE JIBYMIOOHHHU W JIBYEJEKTPOHHH CHOUTHUS B KOHTPOJHUS
paiion or 120 < m < 200 GeV/c?, kakto u B paiioHa Ha ThpCeHE HA HOBU CHOWTHA
m > 200 GeV/c%

3Tounnk 120 — 200GeV /c? | > 200GeV /c?
ExcniepumenTaanu JTaHHA 13081 3503
0611 dhon 13010 £ 590 3630 £+ 160
Z/v* 11700 £ 570 2920 £ 140
tt ¥ APYTH apOMATHO CUMETPUIHI 1280 £ 150 698 + 78
KX/ cbourns 26 £ 3 10+1

Tabmuna 8.6: Bpoii HabaonaBany u 09aKBAHU ABYMIOOHHU CHLOUTHUS B KOHTPOJIHHEA paion
ot 120 < m < 200 GeV /¢? u B paitona na rbpcene m > 200 GeV /¢? 3a nanauTe, HabUpanu
pu /s = 8 TeV. O6musT GoH e cyma 0T ChbOUTHATA 38 BCUUKE OMUCAHU MO-TOPE MPOTIECH
or CM. Ilutupanure HEONPEAETEHOCTH €A CPEIHA KBAAPATHIHA CYMa OT CTATHCTUICCKUTE
M CHCTeMATHIHHUTE HeoupeaeseHocTn [75].
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Qurypa 8.11: MacoB crekTbp Ha HADIIOJABAHUTE €JIEKTPOH-MIOOHHU CHOUTHS C MPOTH-
BOTIOJIO’KEH 3HAK B jamnaute, Habpannm npe3 2011 r. npu eneprus /s = 7 TeV. Yepuure
TOUYKH C T'PEIIKU IOKA3BAT eKCIePUMEHTAJTHUTE JaHHH. 3al'bJIHEHATA B 4ePBEHO XUCTOI-
paMa oTpas3gBa HPHHOCA OT IIPOLECUTe Ha pazkjaHe Ha JBOHKH tf, pazkiaHe Ha t KBApK
u W 6030H, Z — 77 u apyru O6bp3u jgenronn, noaydenn or MK gannu. Sambianenara B
JK'BJTO XUCTOTPAMa OTPa3sBa MPUHOCA HA CHONTHSA, B KOUTO MOHE €IUHUSAT OT PEKOHCT-
pyupanuTe 06EKTH He € UCTHHCKH JIETITOH, KaTO OIeHKATa Ha MOCJEIHUTE € Bb3 OCHOBA
HA €KCIEePUMEHTAJHE €JIEKTPOH-MIOOHHU CHOUTHS ¢ €JIHAKDB 3HAK.

[Ipu onpenesissHeTo Ha pe3y/aTaTa M ONEHKATa HA CHCTEMATHYHUTE HEOIPeIeIeHOCTH,
ce cJejiBa CIeInaaIno paspaboTeHa IIPoleaypa, omucana B npuioxkenue 13.1. MacoBure
I'DAHUIUTE HA M3KJIIOUBAHE CA ONPEJICJCHU TOOTACJTHO 33 JAHHUTE, HAOUPAHU IIPH €HED-
rug /s = 7 TeV u /s = 8 TeV, a cbmo Taka u or KOMOMHAIMATA HA ABara HaGOpa
nauau. Haii-rossima HeonpeaeseHOCT B MOJIYIeHUsT Pe3Y/ITaT ¢ BHACS OT e(PeKTUBHOCTTA
3a MOJ00p Ha KAHJIUJATHTE & TaKa CHINO U OT OTHOIIEHHETO R, MeXKJy TeOMeTPUYHUTE
edpektuBrocTr Ha Z' u Z. Tpabsa ja ce orbeseku, 4e BbB BUCOKMS MacOB JIUalla30H He-
ompee/IeHOCTTa, BHACIHA OT 00IIaTa e(peKTUBHOCT 3a HoA00p Ha JENTOHUTE JOMUHUPA
HAJT HeONpeJeIeHOCTTa, BHacaHa oT R.. Ciex orunTane Ha HEOIPEIEJTEHOCTUTE, BHACSTHH
oT DYHKITUUTE HA PA3MPE/IeTeHNe Ha TAPTOHUTE, OOMATa HEOPEILIEHOCT PU OTIPEe e, Tsl-
uero "Ha R, e 3% B apymioonnug kanaa u 8% B asyesnekrponnusd. EdexkTure oT morpentao
PEKOHCTPYHpaHe Ha KAHIMJIATUTE, & TaKa CbIIO U edeKTUuTe, IbJXKAIIN ce Ha IIONPABKH
OT TO-BUCOK IepTypOaTHBEH MOPSIbK KbM (opMaTa Ha (pOHA MOTaT Ja Ce CIUTAT 34
peHeOPeKNMHI MPH ONPE/IEJISTHeTO Ha IPAHUIUTe Ha W3KJI04YBaHe [75].

Ha durypa 8.14 ca nmoxkaszanu ropHuUTe TPAHUIA HA HAOJIIOJEHHE U O9aKBAHUTE CTOM-
Hoctu B 68% CL u 95% CL 3a ornomenuero R, (8.1), mpecMeTHATO 3a pasJddHHTE
U3CJIeIBAHN TeopeTHYHH Mojean. Ha cbmara dpurypa ca npeiacraBeHd W TEOPETHUYHUTE
OIIEHKH 33 3aBUCHMOCTTA Ha CeYCHHATA OT MacaTa Ha ABoikurTe jentoHun. CedeHudaTa 3a
paxknane Ha Z' u G B I'bPBH NOPSIbK €4 MPECMETHATH C MIOMOIITA Ha NeHepaTopa Ha
cvoutnss PYTHIA V6 (macrpoiika Z2) [36, 37|, karo e u3nonssan HaGopa or dbyHKIHH
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®urypa 8.12: CriekTbp M0 MHBAPHAHTHN Mach B (&) AByMIOOHHHS U () AByeIeKTPOHHUSI
KaHas. PesyaratuTe ca oT aHainm3 Ha JaHHE B obeM Ha 5 fb~!, mabpamm mpes 2011 .
pu eneprug /s = 7 TeV. ToukuTe ¢be CTATUCTHIECKATE TPEIIKH TTIOKA3BAT €KCIIEPUMEH-
TaJHATE JAaHHU. 3al'bJHEHATe XUcTorpamu mokassar MK ovyakBaHuATa 3a OPHHOCA HA
uponecure or CM: pes-9n (Z/v*), apoiiku tt u Apyru apoMaTHO CUMETPUYHH NPOLIECH
W, WW, WZ, ZZ, Z — 77) u don or KXJI cbburus, B KOUTO MOHE e1HA aJPOHHA
CTPYsl € PEKOHCTPYMPaHa MOTPEITHO KaTo JenToH [74].

T T N

Ha pasnpejesenne Ha napronnre CTEQ6.1 [35].

8.7.2 Ten3opHU B3amMoOAeliCcTBUSA

Ha durypa 8.15 ca npejicraBeHu €KCIIePUMEHTAIHO MOJYYEHUTE CIEKTPU OT WHBApPUAH-
THa Maca Ha JIBOWKK MIOOHH C MPOTUBOIOJIOXKEH 3HAK, HOJYYEHH Bb3 OCHOBA HA AHAJIU3
Ha 12.96 fb™! (BngBo) u B3 ocuoBa ma 20.65 fb~! (Bascuo). Chburngara ca moabpanu
CcbOOPA3HO NpeJICTABEHATE IPABKIIA 3a HOA00P Ha MIOOHH U MIOOHHHU JBOWKH. JOIb/IHN-
TEJIHO € MPUIOKeH (BUITHD, HPOIYCKAI eJIUHCTBEHO ABONKHTE, 38 KOUTO € U3II'bIHEHO
sin?0* < 0.9 m A¢ = |7|40.25. Ciexkrpute ca puTnpann B MacoBus yaacTbk ot 300 — 700
GeV /c?, karo e usnonssana GyHKIUATA:

(8.10)

KbIETO a, b, 1 ¢ ca napamerpu Ha duta. JIokaaHATA CTATHCTHIECKA 3HAYUMOCT € OIpe-
JeeHa KaTo:

Z =\2Erfc(2p) (8.11)
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®urypa 8.13: CriekTbp M0 WHBAPHAHTHNU Mach B (&) AByMIOOHHHS U (6) AByeIeKTPOHHUSI
KaHaJ. PesyntaTure ca oT aHAJIH3 Ha ,MI00HHE" mannu B obeM ot 4.1 fb~! u ,3maren” na-
6op ot ganuu B 06eMm ot 3.6 ™!, cnGpanm npes 2012 1. mpu eneprus /s = 8 TeV. Toukure
ChC CTATHCTUYECKUTE TPEINKHU IMOKA3BAT eKCIePUMEHTATHATE JTaHHU. 3all'bJIHEHUTE XHC-
rorpamu nokassar MK ouakBanusita 3a npunoca na nponecure or CM: Hpes-9u (Z/~%),
nBofiku tt m apyru apomarno cumerpuanu uponecu (tW, WW, WZ, ZZ 7 — 77) n
don or KX/I chouTHs, B KOUTO MOHE €/IHA aJIPOHHA CTPYS € PEKOHCTPYWPaHa TOrPEITHO
KATO JIenToH [75].

KbiaeTo Erfc™! e obparnaTra pombiaBana GbyHKIHA Ha IPENIKATE, a P

00 Bn 5
pzzﬁe D>DB
n=D
D
BTL —B
pzzﬁe D<B
n=0

Kbjaero D ca Opos cwbutusi B Macous OuH, a B e croitHocrra Ha dyHKIuata f(m) B
ChOTBETHUS MacOB OWH.

KakTo moxke 1a ce 3abesiexku Ha ¢purypa 8.15 BJISBO Ipu aHAJIM3a HA €KCIEePUMEHTAI-
HE JaHan B obeM Ha 12.96 fb~! B MacoBus cHeKTDLD ce HAOII0aBa H3BECTeH M3IUITIBK Ha
cbburus B obnacrra va M, = 425 GeV /¢ ¢ 10CTaTbiH0 BUCOKA JIOKAJIHA CTATUCTUYEC-
Ka 3HAYUMOCT. 3a ChKaJeHne caes 00paboTBaHETO Ha JOIbJIHUTEJIHIS 00eM OT eKCIIepH-
MeHTAJIHW JaHHu, HabpaH 10 Kpas Ha 2012 . (chimara dpurypa BASCHO) 3HAYNMOCTTA Ha
HaOJTI0/IaBaHUs U3JIUIIBK Ce PEIyIHpa B PAMKUTE Ha OKOJIO 2 CTaHIAPTHU OTKJIOHEHUS.

8.8 BakirroueHune

B Tasm raBa ca npeagcTaBeHH pe3yjJaTaTuTe OT aHaJIHl3 Ha ABYMIOOHHH CBHLOUTHUA C eI
TbpCEHE Ha YKa3aHHA 3a CbINECTBYBaHEe Ha TE€KKU BEKTOPHHU YaCTUIM, pa3llaJalln ce 10
JABa MIOOHa B KpaﬁHOTO ChbCTOAHHUE:

109



U3Tounnk 120 — 200GeV /c? | > 200GeV /c?
ExcniepuMenTa Inu JTaHHU 12030 2904
O611, dhon 12240 £ 590 2970 £ 260
Z/y* 10660 £ 530 2200 £ 220
tt ¥ ApyTH apOMAaTHO CHMEeTPUYIHI 1220 4+ 180 560 + 80
KX/JI cbburus 360 + 180 210 £ 110

Tabsuna 8.7: Bpoit Hab/0aBaH 1 OYaKBAHU JIBYEJEKTPOHHU CHOUTHUS B KOHTPOJHUS
paiion or 120 < m < 200 GeV/c? u B paiiona na Tbpcene m > 200 GeV/c? 3a jannuTe,
Habupanu 1pu /s = 8 TeV. O6muar GboH e cyma oT ¢hOMTHATA 38 BCHYKH ONUCAHH
no-rope mporiecn oT CM. lluTtupanute HeONpeIETEHOCTH €A CpeTHa KBaJIpaTUIHA CyMa
OT CTATHCTHYECKHTE U CHCTeMATHIHUTe HeolpeaeaeHoctn [75].

Gri(k/Mp = 0.1)

2140 GeV /c2
1810 GeV /c?

Momen TTeV 8TeV 74 8TeV
Zosur 2330 GeV/c? | 2440 GeV/c? | 2590 GeV /c¢?
Z, 2000 GeV/c? | 2110 GeV /c? | 2270 GeV /c?

2260 GeV /c?
1900 GeV /c?

2390 GV /c2
2030 GeV/c?

Tabauna 8.8: Macosn rpanumu na uskmogsane B 95% CL 3a cnenndwmanure Momen,
OJTyYeHH OT aHAJIM3 HA JIBYJIENTOHHU JIAHHHU IpH eHepruu /s = 7 TeV u /s = 8 TeV
MOOTICJTHO, a CBINO TaKa U PE3yJITATHTE OT aHaIN3a HA KOMOMHUpaHUTE naHau |[75].

3a meara ca obpaborenn mamau B obem man 20 fb~!, c¢nbpanm or merekropa CMS
npe3 2012 . npu enepruga /s = 8 GeV. Ba wacT oT anaaM3a ca M3NOI3BAHU U JIAHHU B
obem or 5 fb™!, ¢wOpamm npes 2011 1. npu eneprug /s = 7 GeV. C nenr peaynupane-
TO Ha KOMOWHATOPHHS (POH, IPHUHOCHT OT HACJIOXKEHH CHLOUTHUs, HPUHOCHT HA CHOUTHUSI
OT KOCMUYHU MIOOHU, LIOI'PEIIHA UJIeHTUMDUKAIINS U JIeTeKTOPHU e(DeKTH, aHAJIU3UPAHUTE
CcHOUTHS Ca MPEeMWHAN MIATE/JIHa U 000CHOBAaHA TIPOIEIypa HA MOAO0P KAKTO HA MIOOH-
HUATE KaHIWJIATH TOOTAEJHO, TaKa U Ha JBYMIOOHHUTe chouTwsa. [[prnHOCHT HA cHOUTHA
or CranjgapTHus Mojesa e onpejenen Ha 6asara na MK amanus, karo pesyjrarure ca
BaJIMIMPAHNA C MeTOIM, Oa3MpaHu Ha aHAJIM3a HA €KCIEePUMEHTAJIHHU JaHHU. 3a moadbpa-
HUTe CHLOUTHUS e oIpejieeHa MbJIHaTa e(PeKTUBHOCT 33 Bbh3CTAHOBSIBAaHE, KOSITO BKIIOUBA
TpurepHa eeKTUBHOCT, TeOMEeTPUYHN e(DEKTUBHOCT, KAKTO U €(DEeKTUBHOCT 338 PEKOHCT-
PyKIus U uaeHTH(pUKAImg Ha MIOOHHUTE U Ha JBYMIOOHHUTE CHOUTHUS.

Pesynararure oT npoBeienns aHam3 Morat j1a ObaaT 06001meHn B JIB€ OCHOBHU HACOKH:

e B1bB uscieaBanus MacoB pafioH He ce HaOJIIOJABAT YKa3aHHS 3a ChIIECTBYBaHe Ha
TeXXKK HeyTpasHu 003ouu. Bb3 ocHoBa Ha anasm3a Ha JanHu B odem or 4.1 + 0.2
fb~!, cwbpann or gerekropa CMS npu emeprusi /s = 8 TeV u ganuu B obem
or 5 fb~!, ¢nbpanm npu eneprusi /s = 7 ca onpejeSeHn MacOBHTe T'DaHHUIN Ha
U3KJII0YBaHEe, KOUTO ca IpejcTaBenn B Tabsuna 8.8. KomMOMHUpaHUTE Pe3yaTaTh
MOCTABAT CJEJHUTe MPaHuIU Ha uskiaousane B 95% CL [75]:

— Ba paxpane Ha Zgg,, 0T Yab/oKenus crangapren mogert - 2590 GeV/ c?;
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— 3a paxkaaHe Ha Z{p ot TeopusaTa Ha BeHKOTO Obeauuenue - 2270 GeV /c?;

— 3a Kaayna-Kiaitn 8b30yxKganus na rpaButona G g i 0T MojeauTe Ha Panmga-
Cynapym ¢ k/Mp; = 0.1(0.5) - 2390(2030) GeV, kbaero k e KpuBHHATA HA
JIOIMbJIHUTEIHOTO u3Mmepenue, a Mp; e peaynupanara [LiankoBa maca.

e He ce Habum0aBaT yKa3aHus 3a ChIIECTBYBAHETO HA YACTUIIA, ITPEHOCUTE HA TEH-
30pHM B3auMoJlelicTBus ¢ Maca, Oiuska g0 M = 425 GeV/c?. Cuep oGpaborkara
HA JOMbJAHUTE/EH 00eM OT JAaHHU CTATHCTHIECKATA 3HAYUMOCT HA I'bPBOHAYAJHO
HaOJIIOIABAHUAT UBJIUNILK OT CHOUTHA Oele peynupaHa g0 OKOJIO 2 CTaHAAPTHU
oTkJI0HeHusd. OT Apyra cTpaHa TO3W pe3y/aTaT 3a MOMEHTa He MO3BOJIABA MOCTABI-
HETO Ha TPAHUI HA W3KJIOYBAHE.
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Qurypa 8.14: 'opHu rpaHunm 3a OTHONIEHUETO [, MeXKIy cedeHudATa 3a parkKaaHe, YMHO-
ZK€HHU 110 IIapUuaJIHUTE BEPOATHOCTU 34 pa3lla/d Ha JICIITOHHU ,ZLBOIU/IKI/I K'bM CbIIUTE BEJIH-
anHn 3a 6030Ha Z or CM, kaTo hyHKIH HA pe30HaHCHATA Maca 3a 6030H ¢be crnul 1 (a)
1 33 6030H che criuH 2 (6), HOIyYeHn OT aHAIW3 Ha KOMOWHUDAHU JaHHU, HAOUPAHU TPH
7 u 8 TeV. 3anmpuxoBaHuTe y4acTbId CbOTBETCTBAT HA OYAKBAHUTE I'DAHHUIM CHOTBETHO

B 68% CL n 95% CL [75].
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Qurypa 8.15: Pasnpeesienne mo mHBapruaHTHA Maca Ha JIBOMKH MIOOHHU. Pe3ynratnuTe ca
MOJIyYeHN Bb30CHOBA HA AHAJIN3 HA JNaHHWB B obem or (a) 12.96 fb™! w (6)20.65 fh~'.
Ha wbpBus pes ca npejicraBeHn eKCIEPUMEHTAJTHITE JAHHE 1 (DUTA B MACOBUS MHTEPBAJI
(a) 300 — 700 GeV/c? u (6) 250 — 700 GeV/c?. Ha sropust pen: Ouenka Ha JioKajHATA

SHAQYUMOCT Ha €BE€HTYaJIHUA U3JINITBK OT CHLOUTHA 38 CHOTBETHHUS MACOB OWH.
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I'taBa 9

Hayunu npunocn

B npeacraBenuTe n3ciaeaBaHus HA CHOUTHs ¢ MIOOHH B KPAHOTO C'bCTOSHHUE, IPOBEICHH
¢ perektopa CMS npes nepuoga 2011 — 2012 r. umMaM CJIeITHOTO yYacTHE:

YuacrTue B HabOpa HA €KCIIEPUMEHTAIHU JIAHHU;

Mogeniupane na paborara Ha jerekropa RPC ma CMS, ¢ momorira Ha MeTOIH,
Oa3upaHd Ha eKCIIePUMEHTAIHU JTaHHH.

PazpaborBane Ha MeTO 3a onpejesIsHe HA CHMYJIUPaHUS pa3Mep Ha KJIbCTEPUTE U
HUBOTO HA CUMYJIUPAHUA TITYM;

PaspaborBane ma cmemuaaen mporpaMer makeT 3a Bajaumanpane na MK momena u
kagecTBoTO HA MK nannute;

Excnpecen ananus u cepruduiupane Ha JaHHU - O MOe PbKOBOJICTBO KAaTO OTIO-
BODHUWK 33 €KCITPeCHU aHAJIN3 1 KA9eCcTBOTO Ha JIAHHU € W3BbPIIEeHa ITPeJIBApUTeTHA

06paboTKa 1 ca ceprudUIupany eKCIepIMeHTAIHN JIaHH B 06eM oT okouso 4 fh~!
(o1 0610 30 fh~1)

Ananm3 Ha ¢bOUTHS, BKIIOYBAIIN 1B MIOOHA B KPAHOTO ChCTOSIHHUE.

B pesynrar na nposepenute uscieasanus ¢ jgerekropa CMS na LHC ca mocturnaru
CJIeTHUTE Pe3yJITaATH:

1.

N3cneqsanm ca OCHOBHUTE XapaKTepucTUKU Ha cucremara ot RPC:

(a) Onpenesena e eeKTUBHOCTTA HA KAMEPUTE CbC CHIPOTUBATETHA TLJIOCKOCT;

(6) Onpenesen e cpenuusaT 6poii Ha cpabOTUINTE CCETHU CUTHATHU eJIEKTPOJIHI
B OTTOBOP Ha IIPEMHHABAHETO HA €IHA JACTHUIA IPe3 IYBCTBUTEJHUSA 00eM Ha
kamepure. OupesesieH € CpegHusT pa3Mep Ha KJIbCTEPUTE 38 KaAMEPHTE ChC
CBIPOTUBHUTE/HA, TJIOCKOCT OT BCAKA MIOOHHA CTAHIIAS OOTIE/THO;

(B) Ounpejesienn ca ourumainuTe pabOTHU HAIIPEZKEHUs] HA KAMEDUTE;

(r) C men crabunmsupane na paborara ma cucremara ot RPC ca pbBemenu aB-
TOMATHYHHN KODEKITMH K'bM HAlPesKeHHeTO B 3aBHCHMOCT OT CTOHHOCTHTE Ha
TeMIepATypara U HaJISraHeTO B IIOMEIIEHNEeTO, K'bJIeTO € PA3I0JIOKEHA CUCTe-
mata ot RPC;
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(1) Ot aHa/M3 HA JAHHU ¢ KOCMUYHH JI'bYU € HAlIPaBeHa OIeHKa Ha Gposi WHMBHU-
JIyaJHU CPabOTBAHUS HA €JIEKTPOIUTE, TbJIKAIIN Ce HA MYM B €JIEKTPOHUKATA,;

(e) OrkpuTa e Bpb3Ka MEXKJY CBETHMOCTTA HA YCKOPUTEJsI U TOKA, MPOTHYAIL
1pe3 KaMepuTe;

(k) OrkpuTa € Bpb3Ka MEXK/y CBETUMOCTTA HA YCKOPUTEJIsI i OPOsi HHIMBH LY AJTHH
cpaboTBaHUS HA €JIEKTPONTE;

[Tonyuenure croiiHocTn Ha ocHoBHHTe mapamerpu Ha RPC cucremara ca m3mosis-
BAHU KATO BXOJHU TapaMeTpu 3a MOJejupaHe Ha OTKJIMKA it. B nponeca na nabopa
Ha JAHHU, MapaMeTpHUTe ca OOHOBIBAHU PEryJISIPHO;

[IpoBeneH e eKCIIpeceH aHa N3 HA eKCIIEPUMEHTAJTHUTE TaHHU. JIOKAJIU3upaAHN Ca
Ca OTCTpaHeHNn BCUYKH BBHL3HHUKHAJJIN 1'[p06.)'IeMI/I7 KaTO 110 TO3W Ha4YWH € OCUurypeHa
edekTuBHa pabora Ha RPC cucremara m BUCOKO Ka4eCTBO HA JAHHUTE;

Mszpbpirena e npejaBapuTeina oopadboTKa Ha jJaHHuTe, Habpanu B mepuoga 2010 —
2012 . (30 fb™1). Ham 95% ot Tax ca ceprudpunmpann KaTo TOJIHE 38 (PU3TIECKH
AHAJIH3;

. IlpoBeneHo e TbpceHe Ha HOBUM BEKTOPHU HeyTpaaHH GO30HH, KATO €A M3MOJI3BAHH
nannm, Habpamu npu /s = 7 TeV (4.1 fo=1) u /s =8 TeV (5 fb~!). Uskmoueno e
CBIIECTBYBAHETO HA TaKuBa 0O30HU HA HUBO Ha JOCTOBePHOCT 95% KakTo ciaeasa:
(a) Ba Zggy ¢ My, < 2590 GeV/c?;
(6) 3a Z,, ¢ maca Mz, < 2270 GeV/c%;

(B) 3a Kanyna-Knaita Bb30yK1anust Ha rpaButona G i i OT MoJenTe Ha Panna-
Cynapywm ¢ k/Mp; = 0.1(0.5), cvorBetno ¢ Macu Mg, ,. < 2390 (2030) GeV.
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I'maBa 10

biaronapnoctu

Tyxk e msacToTo ma Gyarojgapd Ha mom. ja-p Jleanabp JIMTOB HA MBbPBO MACTO KATO YOBEK
3a HEroBaTa CbPAEYHOCT U OT3MBUYMUBOCT, & TaKa CHINO M 38 HEBEPOATHUS IIAHC Ja PaboTs
0T HETOBO PBKOBOACTBO M JIa ObJIa 9acT OT ObJTAPCKUAT €KHUIl, PadoTell Ha eKCIepH-
menta CMS B Esponeiickus nentbp 3a sapenn uscaenasanus - [ITEPH. Baaromaps 3a
HHTEepecHaTa TeMa 3a paboTa, KOSITO MU JaJe Bb3MOKHOCT MOCAEIHNTE HAKOIKO TOIMHH
Jla, ce 9yBCTBAM MCTHUHCKU IACT/INBA U yIO0BIETBOpeHa OT cebe cu. Biaromapst 3a mosry-
YEeHUTe 3HAHUM, [TOJI€3HUTE JTUCKYCUH H CIOJECJICHUs OIUT, 6e3 KOUTO HUTO eJiHa YacT OT
npeJcTaBeHaTa 3a 3almTa padoTa He O OWjIa Bb3MOXKHA. 3a IJIACYBAHOTO JIOBEpHE U 34
[oMoutiTa, KodTo BUHaru M € OKa3BaJl U CbIIPUYaCTHOCTTa IIPU PEIllaBaHe€ Ha B'b3HUKHAJIA
poOIeMH.

bux uckaJja ja 6s1arojaps Ha riasen acucrenT bopucsias [TaBjioB, KoiTo 1pes mnocJe/i-
Hute 3 — 4 roaunHuM Oere MOYTH HEOTI'BYHO JIO MEH, BbBe/Ie Me B TEXHHIECKUTE JeTail/Ii,
kacaernu paborara Ha eIWH Taka caoxkeH ekcrnepumenT kato CMS. Birarogaps my 3a 9a-
coBeTe, OTJEeJEHU 3a JUCKYCHS, 33 THPIEHHETO W MOMOIITA, 33 HEeroBaTa HaXOIUBOCT,
CIIOJICJIEHUTE UJIeH U ChbBMECTHaTa padora.

OcBen ToBa uckaMm Jia OJjarojaps ¥ Ha IyiaBeH acucreHT Benenwn Koxkyxapos, Ha
riaset acucrent Ileituo IleTtkos, Ha ['eopru ['eoprues u a-p Aaron JuMuUTpOB 3a ¢bBeTHTE
1 HEeoLCHHUMATa IIOMOII BbB BCAKO €JHO OTHOIICHHE. BﬂaFOﬂapH Ha BCHUYKH YJICHOBE OT
MOsITA TPYMa 3a 4y/IeCHATa eKUITHa JeHHOCT, HO Haii-Bede 3a mpusTe/jckara armocdepa,
CIIOACJICHUTE IMaCTJIUNBU U T'b2KHU MOMEHTH N YaCOBETE IIPEKapaHU 3a€IHO.

Mckam ga m3Kazka Clemua an 0JIaroJapHOoCTH Ha CTapInd HaydeH ¢brpyanuk 11 cre-
Ine”d, I-p MI/IXaI/IJI qI/I)KOB 3a CIIoJeJieHuTe naeu, NOMOINTa W IMOJIE3SHUTe JUCKYCHUU.

He ma mocieano mMsicTo mckam Ja Oarojapsi Ha BCUYKHU MPENOJIaBaATeN B KaTeIpa
Aromua dusuka n Haii-Beue Ha mpod. Auu [Ipoiikora, mpod. Pymen [lenos, mom. Jlumu-
bp Koses, jgon. [Ipecusnos, mon. Kpacumup Mutes, jgon. lnko Pycunos 3a npuaodu-
THTE 3HAHUA U YMEHHs, KAKTO M Ha BCHYKU OCTAHAJIM KOJEI'HM OT KaTeJpaTa 3a Bejapara
1 KOJIeruaaHa oO0CTaHOBKA.

CuenuaJian 6J1arogapHOCTH OUX HCKaJia J1a M3Kaxka U Ha ri.ac. 1-p Ilerko Hukosos
3a YOBEUHOCTTA U Haif-Bede 3a TOBA, Ue Me MOOUIPH IPU B3UMAHETO HA TPYIHHU 33 MeHe
penreHus.

Tyk e mscTOoTO Ja THOAHeca HUCKpeHHTe cu OaarogapHoctu Ha Taraxa MameHosa,
Ceerna [lenesa, Basentuna Manacuesa u [Tapimna IlerpoBa 3a HeoneHuMus uMm TPy u
BUHal'l HaBpeMeHaTa ITOMOIIL.

119



OcBen ToBa uckaM Ja Osarogaps u Ha kKojaerute cu or BAH - mpod. Bragumup [en-
4eB, gom. ja-p [Llnamen fitmkue m Mupdo Pomo3os, 3a ToBa, 1e BUHAru oTroBapsxa Ha
BBIIPOCUTE MU U 3a NPHUATEICKaTa 00CTAHOBKA B MpenrbjiHenus obiarapcku odpuc B [IEPH.
Bux nckasa jga 6marogapst cbino n Ha [Ipecias KoncraHTHHOB 3a KOHCY/ITAIIMUTE, OTHOC-
Ho nosizBanero Ha GRID mpexkara, a cbio u Ha Jji-p MBan ['ymkoB 3a okazaHaTa IOMOIII
IPHU U3MOJI3BAaHETO Ha XPaHUIMIIETO 3a JanHau B LIEPH.

bux uckana ma 6maromaps u Ha kouaerute cu B LIEPH - JlaBunme Ilukosro, Kamumio
Kapuo, Xyan-ITabmo T'omec, Arna Komaneo, Mapueno Abpemma, Mapueno Majkn,
Cunsua Koncranruau, Aurna Yuvmuno, Ymbepro Beprnano, Hukorac 3aranwnuc, Jlyunmnxn
Benycu, Illyant Myxamam, Muncyk Kum, Auna flHeBa 1 BCHUKI OCTaHAJIM 33 Ty1eCHATA
eKUITHA paboTa U MpHUITeICKa aTMmocdepa.

He na nmocaeano mscTo 6mx mcKasa aa OJarogaps U Ha MOETO CeMeiCTBO, 3a MOIKpe-
IIaTa 1 pa36ﬂpaHeT0, KOUTO BUHaAI'Ul Ca MM OKa3BaJid, 3a BAdpaTa UM B MeEH, 3a IIOMOIITa U
obuuTa, KOATO BUHATY MU € /laBajia CHJIN, JIOPU U B HAW-TPY/JHH MOMEHTH.

Ha Bcuukm Tax m3kaszBaM MCKpeHaTa cu OJjarogapHoOCT 3a 0e3ChHHUTE HOIIM, Oe3K-
paiinuTe 00CHXKIAHKS U Hali-Bede 3a IMaHCa JIa ce TOYYBCTBAM KAaTO HCTHHCKH ,JIOBEIL Ha
HOBH YaCTHIIA".
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I'maBa 11

YecTo n3n0a3BaHNA CbKpalleHuns n
O3HAYCHUN A

YecTo m3moa3BaHNI CbKpalmeHnud u O3Ha4YeHnd

LHC
CERN

LEP

CM
CMS
ATLAS
LHCb
ALICE
SPS
ECAL

HCAL

RPC
DT
CSC
HLT
L1
GMT
GT
PACT
BX

HV
DQM
MK

ot anria. Large Hadron Collider Beauty

ot dpencku Conseil Européen pour la Recherche Nucléaire

EBporieiicku chbBeT 3a SpeHU U3CJIeIBAHUSA;

ot aury. Large Electron-Positron collider

[loneMuaT eaeKTpOHHO-TIO3UTPOHEH KoJIaiaep;

Crangapren Mojen Ha e/leMeHTapHUTE YACTHUIIN;

ot auri. Compact Muon Solenoid - Komnakren Mioounen Costenons;

ot auria. A Toroidal LHC ApparatuS -Topouganen anapar na LHC;

or anri. Large Hadron Collider Beauty;

ot auri. A Large Ion Collider Experiment;

ot aHra. Super Proton Synchrotron - Cymep nmpoToHeH CHHXPOTPOH;

ot anri. Electromagnetic CALorimeter

EJteKTpoMaruuTen KaJOpuMeTb];

ot anria. Hadron CALorimeter

AIpoHEeH KaJIOPHMETHP;

ot auri. Resistive Plate Chambers - Kamepu ¢bc ¢bIpOTUBATEIHA TLJIOCKOCT;
ot auri. Drift Tubes - [peiidoBu 1p1uowu;

ot auri. Cathode Strip Chambers - Karonau crpunosu kamepun;

ot anri. High Level Trigger - Tpurep ot BHCOKO HUBO;

ot auri. Level One Trigger - Tpurep or mbpBo HHUBO;

ot anri. Global Muon Trigger - [106ajien MIOOHEH TpUrep;

ot aura. Global Trigger - ['mo6anaen Tpurep;

ot auri. PAttern Comparator Trigger - Tpurep upe3 cpaBHsiBaHe Ha MabJI0HM;
ot auri. Bunch Crossing - TIpecuaane na caomnosere,

C'bINO U OocHOBHA ejuHuNa 3a BpeMe Ha LHC, 1BX = 25ns;

ot anri. High Voltage - Bucoko nampexkenue;

ot aura. Data Quality Monitoring - Cuctema 3a KOHTPOJI Ha Ka4eCTBOTO HA JTAHHUTE;
MonTe Kap.io;
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7B
SM
MPT

SM

™

PF

T&P
CMSSW
EDM

RAW data
RECO data
AOD
ROOT

MIP

PV

P

ISR

FSR

PU

or aunrj. Zero Bias - HamrbsiHo oTBOpeH Tpurep;

ot aur. Single Muon trigger - Tpurep mo euHIYeH MIOOH;

ot aursi. Muousosanuonnusn Plus Track trigger

Tpurep 1o eauHUYEH MIOOH ILTIOC MIOOHEH TPEK B TPeKepa;

ot aurj. Soft Muon selection - Crnaba cejekius HA MIOOHH;

or auryi. Tight Muon selection - Tsbpjia cejieknus Ha MIOOHHU;

ot aurs. Particle Flow - morok ot gacruiiy;

ot aur. Tad and Probe - Meros 3a onpenensne Ha eheKTUBHOCT;
Codryep na excnepumenta CMS;

ot auri. Event Data Model -

codpTyepHa paMKa 3a 3alMCBaHe HA JAHHU U ChOUTHS;

ot aurI. [IbpBuunu naHHM;

ot anri. PekoncTpynpanu nanum;

ot anri. Analysis Object Data - @opmat or JaHHE 33 GU3NIEH aHATA3;
Codryepna paMKa u 6HOJIMOTEKA 33 CbXpaHsBaHe U 00paboTKa Ha JTaHHU;
ot aura. Minimum lonizing Particle - Munumaano iioHn3npaIia 4acTuma;
ot aurs. Primary vertex - [I'bpBuuen BpbXx;

ot aurj. Interaction Point - Touka na mbpBUYHUTE B3aMMO/ICHCTBUA;

ot aurj. Initial State Radiation - M3rpuBane oT Ha9aIHOTO ChCTOSHUE;
ot anri. Final State Radiation - MziabuBane oT KpailHOTO ChCTOSTHHE;
ot auri. Pile Up - Jlomb/IHUTEIHE MbPBUYHA B3aUMOIEHCTBUSI;

YecTO M3MI0J3BAHN O3HAYEHUAd

n [Tcesmobbp3una nn = — In(tan 6/2);

pr Hampewen nvmyiic;

Vs  Eneprus B cucTeMa IEHTHD HA MACHTE;

eV EnexTpon Boat 1 eV ~ 1.60217657 x 10~°J;
b Bapu 1 b = 1072 cm?;

NuBapuanthna mMaca Ha JBa MIOOHA;

AR Pasmep Ha msosianuonuusg Konyc, AR = /A¢? + An?

q¢,q KBapk, aHTHKBapK;
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I'maBa 12

ITpunoxenue A

12.1 Bxoaam napamerpu Ha Pythia

B ToBa npuio:keHme e mokasaHa 4acT OT KOHQUIyparumoHHusa ¢aiii, n3moa3BaH 3a re-
Hepupane u cumyaupane Ha Jpen-Adu cbbuTnsg ¢ JBa MiOOHa B KpPalHOTO CbHCTOSHUE H
uHBapuanTHa Maca M > 60 GeV/c?. [lokaszan e caMo MOJy/Ia, BKJIIOUBAIL BXOJHATE M-
pameTpu, HeobxoauMu Ha Pythia 3a remepupane Ha chLOUTHSATA.

process.generator = cms.EDFilter ("Pythia6GeneratorFilter",
pythiaPylistVerbosity = cms.untracked.int32(1),
filterEfficiency = cms.untracked.double(1.0),
pythiaHepMCVerbosity = cms.untracked.bool(False),
comEnergy = cms.double(7000.0),
crossSection = cms.untracked.double(1300.0),
maxEventsToPrint = cms.untracked.int32(0),
PythiaParameters = cms.PSet(

pythiaUESettings = cms.vstring(’MSTU(21)=1 ! Check on possible errors dur
'MSTJ(22)=2 ! Decay those unstable particles’,
’PARJ(71)=10 . ! for which ctau 10 mm’,
’MSTP (33)=0 ! no K factors in hard cross sections’,
"MSTP(2)=1 ! which order running alphaS’,

!
’MSTP(51)=10042 ! structure function chosen (external PDF CTEQ6L1)’,
"MSTP (52)=2 ! work with LHAPDF’,

’PARP(82)=1.832 ! pt cutoff for multiparton interactions’,
’PARP(89)=1800. ! sqrts for which PARP82 is set’,

>PARP(90)=0.275 ! Multiple interactions: rescaling power’,

’MSTP (95)=6 ! CR (color reconnection parameters)’,

’PARP(77)=1.016 ! CR’,

’PARP(78)=0.538 ! CR’,

’PARP(80)=0.1 I Prob. colored parton from BBR’,

’PARP(83)=0.356 ! Multiple interactions: matter distribution parameter’,
’PARP(84)=0.651 ! Multiple interactions: matter distribution parameter’,
’PARP(62)=1.025 ! ISR cutoff’,

"MSTP(91)=1 | Gaussian primordial kT~’,

’PARP(93)=10.0 ! primordial kT-max’,
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"MSTP(81)=21 ! multiple parton interactions 1 is Pythia default’,

"MSTP (82)=4 ! Defines the multi-parton model’),
processParameters = cms.vstring(’MSEL=0 !User defined processes’,

"MSUB(1)=1 !Incl Z0/gamma* production’,

’MSTP (43)=3 'Both Z0 and gamma*’,

’MDME (174,1)=0 'Z decay into d dbar’,

’MDME (175,1)=0 'Z decay into u ubar’,

’MDME (176,1)=0 !Z decay into s sbar’,

’MDME (177 ,1)=0 !Z decay into c cbar’,

’MDME (178,1)=0 'Z decay into b bbar’,

’MDME (179,1)=0 'Z decay into t tbar’,

’MDME (182,1)=0 !Z decay into e- e+’,

’MDME (183,1)=0 !Z decay into nu_e nu_ebar’,

’MDME (184,1)=1 !Z decay into mu- mu+’,

’MDME (185,1)=0 !Z decay into nu_mu nu_mubar’,

’MDME (186,1)=0 !Z decay into tau- taut+’,

’MDME (187,1)=0 !Z decay into nu_tau nu_taubar’,

>CKIN(1)=60. IMinimum sqrt(s_hat) value (=Z mass)’),

parameterSets = cms.vstring(’pythiaUESettings’,
’processParameters’)

)
T

pythiaUESettingsBlock = cms.PSet(
pythiaUESettings = cms.vstring(

’MSTJ(11)=3 ! Choice of the fragmentation function’,

"MSTJ(22)=2 ! Decay those unstable particles’,

’PARJ(71)=10 . ! for which ctau 10 mm’,

MSTP(2)=1 ! which order running alphaS’,

’MSTP(33)=0 ! no K factors in hard cross sections’,

’MSTP(51)=10042 ! structure function chosen (external PDF CTEQ6L1)’,
’MSTP (52)=2 ! work with LHAPDF’,

’MSTP (81)=1 ! multiple parton interactions 1 is Pythia default’,

’MSTP (82)=4 ! Defines the multi-parton model’,

’MSTU(21)=1 ! Check on possible errors during program execution’,

’PARP(82)=1.8387 ! pt cutoff for multiparton interactions’,

’PARP(89)=1960.
’PARP(83)=0.5

! sqrts for which PARP82 is set’,

! Multiple interactions: matter distrbn parameter’,
’PARP(84)=0.4 ! Multiple interactions: matter distribution parameter’
’PARP(90)=0.16 ! Multiple interactions: rescaling power’,
’PARP(67)=2.5 ! amount of initial-state radiation’,

’PARP(85)=1.0 ! gluon prod. mechanism in MI’,

’PARP(86)=1.0 ! gluon prod. mechanism in MI’,

’PARP(62)=1.25 P,

’PARP (64)=0.2 U

-
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"MSTP(91)=1 U
’PARP(91)=2.1 ! kt distribution’,
’PARP(93)=15.0 ! ?
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I'1aBa 13

Ilpnaoxxkenne b

13.1 CraTucruyeckKkm aHaJIN3

B ToBa npusoxkenue e onmcan HAKPATKO MOX0/1a U METOANKATA, Pa3pabOTeHN U U3II0J13-
Baru oT kosraboparusaTa CMS npu crarucTudeckusi aHan3 Ha 00pabOTEeHUTe PE3YITATH.
[Topeye jeraitm OTHOCHO aHasm3a Morar jga Obaar Hamepenu B |74, 81, 82]. Ilesra Ha
CTATUCTUYCCKUS aHAJIM3 € JIa Ce IMPOBEPH 3HAYMMOCTTA Ha HaOJIOJABAHUTE €BEHTYAJHH
HOBHU PE30HAHCHH CTPYKTYPH, PA3MaJalld ce JI0 JBa JENTOHA U IPHU JIMIICATA HA TaKHBA
Jda CE€ 1I0CTaBU I'PaHUIA Ha U3KJIIOYBAHE Ha TaKUWBa IIPOLECH. AHaﬂHS'bI‘ BKJIIOYBa OLECH-
Ka 1 CpaBHEHHUEC Ha Ha6JHO,ZLaBaHI/ITe 1 OYaKBAaHUTE CTOWHOCTH HA OTHOIIEHUETO MezKAy
ceuennaTa 3a paxjiane na Z u Z° B 95% CL (uuBo na mocrosepuocr). Tesu pesyiira-
TH Ca CPABHEHU C TEOPETUUHHUTE MpeJCcKa3aHus oT pasaudaaure 7' momenn. HanpaseHa e
KavecTBEHATa OIeHKA Ha HAOJIIOJaBAHUTE eBEHTYAIHH CTPYKTYPH U € Ollpe/IeJIeHa, TSIXHA-
Ta 3HAYUMOCT, KATO P-CTOMHOCTTA € oIpeeaeHa IpH MPeIIoJI0KeHHe 33 ChITeCTBYBaHe
eMHCTBEHO HA (POHOBHU CHOUTHS. 3a CTOHHOCTTA HA CEYEHMETO 3a parKjaaHe Ha 0O30HA
7Y, KaxTo W Ha TapaMeTpuTe, CBLP3aHH ¢ HETO Ca M3MOA3BAHU PE3y/ITATUTE Ha KOJa-
bopanugra, mybaukysauu B [44, 83|. Ilpu mpoBe:k1aHETO HA CTATHCTHYECKHS AHATH3 Ca
M3I0JI3BAHN MHCTPYMEHTHTE H MeToJuTe Ha codryepHara pamka RooStats [84], paspabo-
TEHH CIIEIHAJHO 33 CTATUCTHYECKU aHaIu3 Ha JaHHU Ha ekcuepuMenTtute na LHC.
Pazriex janust HabOp OT JJAHHU ChIbPrKa CTOWHOCTUTE HA PEKOHCTPYHUPAHUTE WHBA-
PHAHTHH MACH HA JIENITOHHUTE JIBOHKH (M) 3a BCSIKO CbOUTHE, IPEMHUHAJIO MPABUIATA HA
noabop 8.3.1. 3a menuTe HA aHAIM3a Ce U3IOJI3BAT AUCKPETHOTO pas3lpeeeHre Ha JaH-
HUTE, KATO PAa3IPeIe/ITHeTO UM 110 OMHOBE Ce M3I0/I3Ba €JIMHCTBEHO C 11eJI BU3YATH3aIUs.

13.2 Mogeaupane Ha curHaJja m (oHa
Heka z e KOHKpeTHa Ha6JHO,ZLa€Ma BeJIMYUHA C (bYHKHHH Ha IINI'bTHOCT Ha BE€POATHOCT:

f(z]0,v) (13.1)

KbJETO f € BeKTOp OT MapaMeTpHuTe, YUATO CTONHOCT HH MHTEPECyBa, & V € BEKTOpP OT
JOIbJIHUTETHATE TapaMeTpu (HApUMep: MHTEPeCYBAIUsIT HU MapaMeTbp MOKe J1a Ob/ie
cpe/lHATa CTOHHOCT Ha Jia/leHa TPOMEHJINBA, & JON'bJIHUTE/THAI MapaMeTbp - CTaHIapT-
HOTO OTKJIOHEHHEe OT Ta3W CTOWHOCT). B KOHKpeTHHs ciaydvaii HabJIIOIaeMaTa BeJIHIHHA
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e WHBapHaHTHAaTa Maca Ha jofikure Jjentonu. OyHKIUATA HA ILIHTHOCT HA BEPOSTHOCT
MOXKe Ja O'bJie MoJeanpaHa Mo CJIeIHIS HAUUH:

fmlf,v) = q - fsia(m|0,v) + (1 = q1) - fac(ml|0,v) (13.2)

K'bJIETO (1 € BEPOSITHOCTTA 38 CUTHAJHO ChOuTHE, fg7¢ OMMCBA ITHTHOCTTA HA BEPOSITHOCT
Ha CHUTHAJIHUTE chOuTHs, a fpg - HA pona or CM.

13.2.1 MogenupaHe Ha CUTHAJIA

CurnasHara QYHKIHS MOYXKe /1a Ce MOJE/Upa C KOHBOJIIONNS HA HEPEJATHBUCTKA (DyHK-
nus Ha BpaiiT-Burnep, KogTo onucsa eBeHTya/HudA pe3oHanc u ['aycoBa (byHKIHA, KOITO
OTpa3dBa pa3AeuTe/THATA CIIOCOOHOCT HA JIETEKTOPA:

fsia(m|T,0) = BW(m|l') ® Gauss(m|o) (13.3)
KbeTo I' M 0 XapakTepusnpaT MUPUHATE B pas3npeieeHusaTa Ha bpaiiT-Burnep n Layc.
Oyuknusra na bpaiir-Buruep e jedpunupana karo:
r

[MMupunuTe HA THpCceHUTE HOBU pe3oHaHcH ca ompejenern ot MK, karo 3a menra e
M3M0/13BaH rereparopbT Ha cbbutug PYTHIA [36]. 3a Bcuuku pasriemanu mogenn, MK
aHAJIM3UTE MPeJACKA3BaT JMHEHO HapacTBaHe Ha IMHPUHATA HA PE30HAHCA ¢ HApacTBaHEe
Ha HeroBara Maca, Kato I e Hali-mupoka 3a Zgg,, o yabmkenns CM (SSM) - okomno 3%
0T KOHKperHaTa Maca [82)].

BW(m|T') = A- (13.4)

[IpesBug Ha pazauynaTa reoMeTpudHa e(peKTHBHOCT 32 €JIEKTPOHUTE U MIOOHUTE, KaK-
TO ¥ PA3JIMIHHTE METO/IU 38 PEKOHCTPYKIUS U UICHTHGUKAINS, PA3IeTUTETHATA CIOCO0-
HOCT MO WHBAPHAHTHH MACH C€ PA3JIHIABA 33 PA3JIHYHHTE THIIOBE JICMITOHHU JBOHKH. 32
JIBYMIOOHHU MacH, PEKOHCTPpYWpaHu OoT JaHHUTe npe3 2012 1. oTHOCUTETHATA pa3/ e/ TuTe -
Ha cr1ocobnoct o (my,,)/m,, e okoao 5% 3a macu ot nopsyrbka Ha 1 TeV/¢? n oxomno 9% 3a
macu okoJio 2 TeV /c?, karo Te3u cToliHOCTH HapacTBaT ¢ HapacTBaHeTO Ha macarta |75].
B paMKnTe HA TO3M CTATUCTUYECKN AHAIN3, PA3AETUTENTHATA CIIOCOOHOCT TI0 JIBY MIOOHHH
MaCH € MOJIEJTUPAHA KATO:
Oty = Do + p1m + pam? (13.5)

13.2.2 Monaeaupane Ha ¢poHA

3a mozenupane Ha YyHKIHATA HA (POHA KATO OCHOBA C€ M3IOJI3BA OMAIIKATA B MAaCOBUA
cuekTbp or Jpen-fu npormecn, KaTo nparbT 3a MUHUMAJIHA Maca ce onpeiess ga Ob/ie
M+~ > 200 GeV / c2. TlocTaBgHETO HA TOBA OTPAHNYEHHE TEJH /13 ce n30erHe BANSHACTO
ot muka Ha Z° '. Macosuar pen-Su cnekThp e moayden ot anamms na MK gannm n B

1(DOH’]>T, KOWTO Ce AbJI2KM Ha PazK/iaHe Ha tt 1BOMIKM MOXKe jia Obie MOJEJUPAH ¢ KOHBOJIOLUA HA
TaycoBa u ekcronennmaaHa GyHKIUS:

p(m|u,0,v) = Gaus(m|u, o) @ Ae™ "™ (13.6)

KaTo ce pasrjexkjar camo il cnburuaTa, JONPUHACAIM LIPU TojeMuTe Macu B obmus ciekTbp. MK
AHAJIM3BT [OKA3BA, Y€ MPUHOCHT OT Te3U CbOUTUs HAMA IOJIsIMO BIIMSIHUE BbPXy KpaiiHara ¢gopma Ha
MaCOBHUS CIEKTHP.
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paMKHTe Ha TO3M aHaju3 Heropara dopMa ce MoJeupana C:
Ba(m|A,a,b) = Ae®™mb 13.7
) b

KbIeTo A e HOpMEUpAIl mapaMerbp, a ¢ U b ca mapamMeTpu, KOUTO C€ ONPEeIeasaT OT
arnpokcuMupanero Ha JIpen-Au cnekrbpa ¢ ropHara GyHKIU.

13.3 @yukumga Ha OpaBaonogodume

3a KOHKpeTeH HabOp OT JaHHU T = {Z1,Tg, -+ ,X; -+ } UPH TPEIHOJOKEHUE, Y€ Cb-
ouTusaTa B JaJieHUs HAOOp ca He3aBHCUMM, (DYHKIMSATA Ha MPaBI0NOI00ne MOXKe Jjia ce

neduHIpPa KaTo:
N

L(x|0,v) =] f(ail6,v) (13.8)
i=1
KbJaeTo N e 6post chbOUTHS B JajJeHust Habop, a f choTBeTCTBA Ha (DYHKIHHTE OT YpaB-
Henns 13.1 u 13.2.
3a me/ira HA aHAJIU3a Ce U3IO0JI3Ba PA3IINPEHKsI BAPUAHT Ha (DYHKIMSITA HA HPABIO-
nojobne:

N _—pu N
ue

=1

(MSIG/iea V)fSIG(Ii|Q7 V) + W}CBG(@’AQ, V)) (139)

K'bJIETO MPOU3BEJIEHHETO € 110 BCHYKU ChOUTUA B HADOpA X, U = lsic + [BG, & sig 1
/B¢ Ca CHOTBETHO CUTHAJIHUS U (POHOB MPUHOC B KOHKPETHOTO ChHLOUTHE.

13.3.1 Ilapamerpu Ha MHTEpPEC

Karo mapamerbp Ha mHTEpeC B KOHKDETHHsI aHAJIN3 C€ pa3lyerkaa He KOHKPETHOTO Ce-
Jenne 3a pazkKiaHe Ha Z', a OTHONICHHETO MeKJy cedeHmsATa 3a pazkiame Ha Z' u Z° -
R, (8.1). BbBexkanero My IpaBu KpaifHus pe3yJTaT YCTORYNB HA PA3JNYHU HEH3BECTHU
CUCTEMATHIHU epEeKTH, KOUTO MOTAT J1a ObJaT KOMIEHCHPAHU B TOBA OTHOIIEHHE. 3aTOBA
CUTHAJIHUST NPUHOC [lg7¢ CE TTapaMeTPU3npa ¢ MOMOIITa Ha, OTHOIIEHHEeTO R, 10 CJIeHus
Ha4YUH:
MUSIG = RJZNZO (13.10)
€70

KBJIETO €7 U €zo ca obIuTe epeKTUBHOCTU 33 PErucTpupaHe, TpUrepupaHe, mogad0p u

pekoncrpykiug Ha Z' u Z° a Nyo e 6pos Ha chdouTuaTa Z°.
Bpos Nzo cbbutus n eeKTHBHOCTTA €0 €€ ONPEILTIT ChIVIACHO IpaBUIATA M IIPO-
negypure, usnoasanu B [44, 83|. B pamkure Ha Thpcenero Ha Z' c¢bbuTHs, obIaTa

+ —
edpexkTuBHOCT €, 3a permcTpupane Ha JIBOHKH MIOOHH KaTO (DYHKINS Ha TSIXHATA MAca
ce Momepa Karo (8.9), (Buxk dburypa 8.7):

et (m)=A+—— (13.11)



13.3.2 Kombunupana ¢yHKIUS Ha IIpaBaoOIIoa00ue

Tbpcenero HA TeXKKHU JIENTOHHU PE30HAHCH Ce IMIPOBEXKIAT B IMOBeUe OT €IWH KAHAJIH Ha
pasnaj. Pazjimanure Mo Ha pas3iaji CbOTBETCTBAT Ha OT/EJAHA HAOOPH OT JAHHU, KOUTO
BBIIPEKHU Y€ MMaT €JHaKBa CTPYKTYpa HE€ MOorar naa 6”b,ZLaT OIINCBaHU OT €JUH M CbIIH
mMoen. ChoTBeTHHTE HADOPHW OT JAHHU TPsAOBa Ja ObIAT TPETHPAHU MTOOTAETHO 3apaIu
pasznaudHaTa (popma Ha POHOBHUS MACOB CIEKTbD, PA3JIUYHATA Pa3/IeJUTEIHA CIIOCOOHOCT,
Pa3/IMIHUTE FeOMETPHIHU e(DEeKTUBHOCTH WM e(DEeKTHBHOCTH 38 PEKOHCTPYKITUS.

ITo chiaTa jiornka, MO¥Ke Jia ce HaJIOYKH KOHKPeTeH Habop OT JaHHu Jj1a O'bje pa3jiesieH
Ha HSIKOJIKO YaCTH, HAIIPUMEP 3a J1a Ce Pa3/IessaT ChOUTUITa, PECUCTPUPAHU B PA3IUIHUTE
JaCTH Ha JeTEeKTOpPa, KOUTO OUXa UMAJHM PA3JIUYIHA pa3delIuTe/Ha CIIOCOOHOCT.

3a Bcekn HaOOp OT maHHM x DYHKIUATA HA TPABIONIOI00ne MoxKe J1a ce aeduHupa mo
HauMHa, JAedunupan B ypasuenue 13.8. KomOunupanara (pyHKIHS, OTYATAINA TPUHOCA
Ha Pa3jIMIHUTEe MOJIM Ha pas3maj ce JedUHHpa KaTo Hpou3BejeHHe OT (DYHKIUUTE HA
IpPaBI0I0I00He, ChOTBETCTBAIIN HA PA3JIMIHATE HAOOPH OT JTAHHU:

L(x1, 29, |Ry, 1,2, ) = Hﬁj(xj|RU, v;) (13.12)
J

KbJeTo I, e mHTepecyBalUsAT HU IapaMeTbp, a Vj €& BEKTOPH OT JOI'bJIHUTEJTHHTE
napaMeTpH, CbOTBETCTBAIY HA PA3JTHYHUTE HAOOPH.

13.4 CucremaTndan HeoIIpeaeIeHOCTHI

CucreMaTudHuTe HEOIPEIEJCHOCTH MOTAT [a Ce MOJEJHUPAT Ype3 BbBEXKIAHETO HA J10-
I'BJIHATEIEH napaMerbp [, KOfTo e caydaiiHo 9ucjo OT HOPMAJHO pas3ipe/eieHue:

G(B|mean = 0;width = 1) (13.13)

Biusuuero Ha HIKAKbB CHCTEMAaTHUYEeH ePeKT BLPXY KOHKPETeH HapaMeTbp ¥ ¢e MO-

AeJIMpa 110 CJeJHud HaduH:
v="0-k (13.14)

KbJIETO U € OlleHKaTa Ha U, a k e
k=14 v (13.15)

K'bJIETO 0V € CbOTBETHATA OTHOCHTE/IHA CUCTEMATHYHA HEOHPEIeTeHOCT.
Ha npakTuka oryuraneTro Ha BJIMSHUETO Ha CUCTeMaTu4dHus eeKT cTaBa KaTo (pyH-
KIUSATA Ha MPaBaonogobue ce yMHOXKE ¢ Mofeauparus dien G(S[0,1) .
B Tax®bB ciay4ait nbanara komOuHupana (pyHKIHS Ha TpaBaonoaodbue Moxe ja Oblie
3alHUCaHA 10 CJICTHUS HAYUH:

E(m’Rm ﬁﬁ? 6#BG’ Bm) = H £k<mk‘Rm Bﬁ,kv ﬁme) ’ H g(ﬁl‘ov 1) (13‘16)
k l

KbIETO:

e B npousBejieHHETO 110 MHJEKCA k, WHIEKCHT MPOOATrBa MO BCUYKUA WHJIUBU/LYAJHH
KaHaJIN;
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e m = {my} - TaHHW OT WHIUBUIYATHUTE KAHAJN Ha pasnai (uu, ee);

o . = {fex} - HAOOD OT mMapaMeTpH, MOIETUPAIIH CHCTEMATHIHATE HEOMPEIETCHOCTH
Ha obmara eeKTUBHOCT HA CHTHAJA B WHIVNBUIYATHUTE KAHAJIM;

Bm = {Pmx} - HabOp OT mapameTpu, MOAEIUPAIIN CHCTEMATUIHUTE HEOIIPeIese-
HOCTHU B UHAUBUAYAJHUTC KaHaJIW, AbJZKallli CE€ Ha 3aBUCUMOCT OT I'OJIEMHHATa Ha
MACHTE;

Buse = {Bupe.k} ~HAOOP OT mapaMeTpH, MOAEIUPAIIN CHCTEMATHYHUTE OTK/IOHEHHST
B IpuHOCA Ha (pOHA B MHANBULYATHUTE KAHAJIW,

L) - dyuknug na mpapionogodbue 13.9 3a kanana k;

e B npousseeHneTo mo wHAEKCA [, MHIAEKCHT € 38 BCHIKH mapamerpu [ u By,. (Ila-
pPaMeTbpbT [, MOXKe Ja Obje ompee/eH eKCIepAMEeHTAHO. );

G(5]0,1) mogemupa napamerpure B u [By,.

OcHoBHETE cucTeMaTHYHH €(PeKTU KOUTO Ce MOJEJHPAT Ca IIPH OlpejessHe Ha CHI-
HAJIHUSA TPUHOC, TpHHOCA HA ¢doHOBUTE chOuTHA 0T CM MM 3aBHCHMOCTTA OT MAaCOBHS
Malab.

WNma ciaydgam, KOTaTo CHCTeMATHYHATA HEOIpeIeeHOCT MOxKe na Oble Olpee/eHa
OT HAKaKBH CIIOMaraTe/JIHn I/IBMepBaHI/IH n aa 6”b,ZLe HU3BECTHA Hpe,ZLBapI/ITeJIHO7 HaHpI/IMep
HpuHOCa 0T (DOHOBHUTE CHOUTHS W CHOTBETHATA HEOIPEIETCHOCT Ca IOJYYEHH eKCIEePH-
MEHTAJIHO U Ca U3BECTHHU Hpe,ZLBapI/ITe.HHO.

13.4.1 Cwuna Ha curLaJia

HeonpenenenocTra npu omnpeaeassHeTo Ha CHTHAJHUA ITPUHOC BKJIIOUBA B cebe CU HEOIl-
pe/IeJIEHOCTUTE, CBbP3aHu C OLIPEJIEsIHETO HAa PeOMeTpUIHaTa, TpurepHara epeKTuBHOCT
1 edeKTHBHOCTTA 3a pekoHCcTpykima Ha Z° u Z'. HeonpeneneHocTra, AbiKalla ce Ha
dyHKIIMUTE Ha pa3npejie/ienne Ha MapTOHUTE € BKJIIOYEHA B HEONPEIeJICHOCTTa Ha Te3H
edbekTrBHOCTH. AKO IPUIOKAM rOpHaTa perenta 13.14, mosyduaBame:

ez =g+ (14 dep)P (13.17)

K'bJETO €z € HEOIPEAeJeHOCTTA Ha CHUTHAJHHUA IIPUHOC, & [, € ChOTBETHUsI HOPMAaJIHO
pazipe/ieeH MOJIETUPAII TapaMeTbp.

13.4.2 ®on

[IpunocsbT Ha doHOBH chOUTHS U dopmaTa Ha MacoBUs cuekTbp Ha dona or CM ce
oIpeiesIAT eKkcuepuMenTano. [IpunochT Ha donOBUTE cHLOUTHA OT ypaBHeHHe 13.9 ce
MOJIeJIpa KaTo:

tse = s - (14 dupg)’Be (13.18)

K'bJETO CTOIHOCTTA HA 0jlpg € alpuOpH W3BECTHA, & [pg € CbOTBETHHS HOPMAJHO Pa3-
npesieseH mapamMmeTrbp.
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IIpu momesmpane Ha ¢dopmaTa Ha MacoBus pen-fH cueKTbp ca NpoOBaHH HIKOJIKO
pasandIHu (HYHKIUH, KaTO PA3IUKHTE B TMOJAYUEHUTE Pe3yATaTH MOXKe [Ia Ce CMATaT 34
npenebpexkumvu. [IpeaBua cTpbMHOTO TTajlaHe HA KpUBaTa, OIMMCBAINA MACOBHUS CIIEKTH]
Ha BoOHA, TO-TOJIAMATA JACT OT CHOUTHUITA Ca ChCPEJOTOYEHN B HUCKWS MaCOB JUala30H,
JIOKATO OPOSAT HA CHOUTHUSATA C BUCOKH MACH € OTHOCUTETHO MaJIbK, KOETO BOJIHU JI0 PA3IHKA
B T'OJIEMHHATA HA CTATUCTUYECKUTE HEONPeIeJeHOCTH IIPU HUCKU ¥ BUCOKH Macu. llo
Ta3u MMPUYNHA, MUPUHATA Ha HAOJIOIABAHASA MacOB JMANA30H OKOJO XHIOTETHYEH HOB
pe30HaHC TpsAOBa J1a ce NoA0UPaA TaKa, Ye CTATUCTUYEeCKATa HEOIPEJICJICHOCT Ja JIOMIHIPA
HAJI HEOTIPEJIEJIEHOCTTA, JbJIKAIa ce Ha hopMaTa Ha MacCOBUS CIEKTHP.

13.4.3 MacoB marad

Edekrure, abiazkamnm ce HA rojeMUHATA HA WHBAPUAHTHATA Maca Ce OTYUTAT CaMo 3a
CcHOUTHUATA € eJIEKTPOHHU JBOHKHU 4Ype3 Mojudunupane Ha curnajgnara Gynknug 13.3 o
CJIeTHUS HAYUH:

fsia(m|T, 0, Bn) = BW(m - k2»|I") @ Gauss(m - k™ |o) (13.19)

3

13.5 TopHu rpaHunu

Exna oT ocHOBHHUTE Ie/TH Ha CTaTHCTHYECKHs aHAJIM3 € Ha 0a3aTa Ha ChIeCTBYBAIIHUS
obeM OT JaHHU, Ja Ce HAIpPaBHU OIEHKA B HIKAKDB MHTEPBAJ Ha JOCTOBEPHOCT 3a Hal-
JMIOJABAHATE U OYAKBAHHUTE CTOMHOCTH Ha KOHKDETEH IMapaMeThp, KOWTO € UyBCTBUTEICH
K'bM CEUYEHHETO 38 OIpEeIe/JeH PANbK Ipolec. B HACTOSAIUS aHAJIN3 TOBA € OTHOIIEHHe-
10 R,. Onenknre 3a HaOJIOJABAHUTE W OYaKBAHUTE CTOHHOCTH Ha R, ca HaIpaBeHHW B
pamkure Ha 95% HuBO Ha HOCTOBepHOCT. OOUKHOBEHO HAIINTE OYAKBAHMUA CA CBbLP3AHU C
IPeIIoJI0KEeHIeTO 33, C'bIIeCTBYBAHETO HA JAI€H TEOPETHYEH MOJEJ, KOeTO OHpeess H
n300pa Ha BeilcoBus moaxoa mpu ompee/ssHe HIBOTO HA JOCTOBEPHOCT.

13.5.1 HabamogaeMu CTOIHOCTHI

Ba dyuknuure 13.1 u 13.8, moasBaiiku Teopemara Ha Beiic [14], moxe na ce 3amuie:

KbeTo p(f, V) e anpuopHaTa GYHKINS HA IBTHOCT HA BEPOSITHOCT, ) € HHTEPeCy BAIIUSIT
HU TMapaMeTbp, a U e JOIbJIHuTe eH napamersbp. (el nHTerpupane mo v moJry YaBaMe:

p(0]z) - p(x) = L(x[6) - p(6) (13.21)
OT TyK 3a MOCTEPUOPHATA BEPOATHOCT CJIEBA:

L(x]0)-p(0) _  L(]0) - p(6)
p(z) J L(x|0) - p(6)do

B BeiicoBaTta craTncruka, BCHYKHTE HAITH 3HAHHUS 3a § ca ¢bOpaHd B MOCTEPHOPHATA
dbyuxius p(f|x), auitTo HHTErpaJ BhPXY HAKAK'BB OIpENeeH PAloH 0Tpa3siBa CTEeNeHTa

p(flx) =

(13.22)
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HHM Ha YBEPEHOCT, Y€ § mWMa CTOHHOCTH B TO3W pailoH, IPU NPEANOIOKEHHE, Y& HMaMe
HA0Op OT JTaHHU T.

B BeiicoBara crarucruka unTerpabr or nocrepuopaara dpyukius p(f|r) B3er Bbpxy
KOHKDETEH HHTePBaJ, OTPa3saBa CTeNeHTa Ha HaImeTo ybeKaeHue, 4e npu aajaeH Habop oT
nauun z, p(0|r) nma cTORHOCTH B TO3W WHTEpBaL. B TakbB caydail, Ipu AajeHa mocrepu-
opaa dyukuus p( R, |x), HabmomaemMara ropHa rpaHUIA Ha MHTEPECY BaIlisl H MapaMeThbp
RY% B Beiicop uaTepBaa Ha goctopepHocT ot 95% ce nedpuanpa Mo cae Hus HavauH:

R
/p(RU|x)dRU =0.95 (13.23)

0

3a Mojeaupanero Ha nocrepuopHara GyHknus Ha p(R,|r) Morar jga 0baar n3moms-
BAHU PA3JUTHU AJTOPUTMH, HO 3a IeJUTe Ha TO3H aHAJN3 Ce M3I0JI3Ba aJlrOPHTHMbT Ha
Merpomnosmc-Xacruure [85].

13.5.2 OwyakBaHU CTOMHOCTHU

HabmoaBanuTe ropHu rpaHuiiy 3a OoTHOIIEHHeTO R, ce cpaBHABAT ¢ OYaKBAHHSTA, OII-
pelesieHH TIpU HAIIPAaBeHO MPEINOI0KEeHNe 32, JINICA Ha CUTHAJ U ChIIECTBYBaHe CaMO Ha
doHoBHU CHOUTHS.

3a BcekHu M3CJIe/BaH MHTEPBAJI OT MACOBHUs CHEKTHDP Ce MPOBEXKJAT Olpeje/ieH Opoi
[CEBIO-eKCIIEPUMEHTH, B KOUTO OYaKBaHATA FOPHA IPAHKIIA Rfif';., ce OIpeJIesIs 0 ChIaTa
pOIeIypa, KaKTO MpH OnpeessHe Ha Habaogaemara. Kpaiinata cTORHOCT Ha OYaKBa-
HATa IPAHMIIA 33 KOHKPETHHS M3CJIeIBaH MacOB HHTEpBaJ ce nm30mpa j1a Obae MeaunaHaTa
B pasnpeieeHueTo Ha CTOUHOCTHTE R?f’i, K'bJETO ¢ € HOMepPa Ha ICEeBI0-eKCIePUMEHTA.

ITpu remepwpaneTo Ha TICEBIO-JAaHHUTE ce CIa3Ba cjeJHaTa MpoIeaypa:

e 3a i-THA TICEBIO-EKCIEPUMEHT Ce TEHEepUpa CIyYaliHO UCI0 [, OT HOPMATHOTO
pasnpezenenne G(fpq|0,1);

o Ompenens ce fipe = fipa(1+ 0upe)Pbo, (Bux ypasmenue 13.18);

e Dpodr Ha ch0uTHATA B PA3IVIeXKIaHUS HHTEPBAJ ce OIpeIesis OT CIYYalHOTO YUCIO
Neyt,i, reHepupano oT [loaconoBo pasnpelesennue ¢bC CpejiHa CTORHOCT [l q;

Bpoar na donoBuTe cbHOUTHA ce ompejesiss OT CAYyYaliHO YHUCI0, FeHEPUPAHO OT
pasnpeenenneTo 13.7.

13.6 I'panuiiy Ha U3KJIIOYBAHE

,HOIIH&T& MacCOBa I'paHulla Ha U3KJJAI0OYBaHE€ 3a KOHKPETEH TeOpeTHuYeH MOAEJI ce IIOCTHUra
KaTO Ce HaMepHu IIpecedHaTa TOYKa MEKAY KpuBaTa, OIIUCBalla Ha6JHO,ZLaBaHaTa I'paHua
U KpHUBaTa, OTroBapdilla Ha TeOpeTUIHUTEe NpEeACKa3daHud Ha CbOTBETHHUA MOIEJI.
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13.7 3aauymMocT Ha pe3yJaTaTra

OHGHKaTa Ha 3HAQYUMOCTTa Ha PEe3yJTaTHUTe Ce olpeaesd oT 6pOH CTaHJaPTHU OTKJIOHE-
HHA, B KOUTO C€ HaMHUpaT U3MEPpEHUTE CTOMHOCTH HA KOHKpeTHaTa Ha6JIIO,ZLaeMa BeJIN49U-
Ha.3a neJjaTa Ha TO3U aHaJIU3 r100a/IHATa 3HAYUMOCTTA 2 CE orpejaesid 110 cJaeJHud HaYH:

z = V2erf 71 (1 — 2p) (13.24)

kbaeto erf ' e obparHara dbYHKIHS Ha IPEIIKHTE, & P-CTONHOCTTA Ce OMpeIess ¢ IOo-
MOIIITa HA TECTOBATA CTATHCTUKA t:
;C(QT‘RCH UR)
L(.’IZ”RU = 0, I/Q)

(13.25)

K'bJIETO VR € MOJICJIUPAIIL TaPaMeTbp IIPHU IPEII0JI0KEHIE, Ye HHTEPECYBalUsAT HI Mapa-
MeTbp € R, a Uy € MOJEeUPAIIL TapaMeTbp, P PeJoI0KeHne, 1€ nMaMe camMo (DOHOBH
cpburtug, T.e. R, = 0.

[lo orHomeHue Ha HaOJIOZAEMHTE JAHHH TOPHOTO OTHOIIEHHE HMAT CTOMHOCT fps.
3a 1a ce onpejen p-CTOMHOCTTA Ce TeHepupa aHCaMObJ OT MCeBAO-eKCIIePUMEHTH, Ka-
TO IMCEBIO-JaHHUTE Ce TeHePUpaT ¢bOOPa3HO (PYHKIHATA, Mogeaupaiia (poHa. 3a BCEKH
HCEeBI0-eKCITIEPUMEHT Ce OIpeJesisi CTORHOCTTA HA OTHOMeHneTo t;. CToffHOCTTA HA WH-
Terpaja B Ta3W 4acCT Ha Pas3lpeJiesIeHAeTo ¢, KbAETO t; > Typs ChOTBETCTBA HA T'hpCeHATa
P-CTOUHOCT.

13.7.1 AcuMnrorudHa 3HAYUMOCT

[TorenenneTo Ha TecToBaTa CTATUCTUKA MOXKe 1a Obje MpocjeeH0 Karo (OyHKIHS Ha
MacuTe Ha ABoiiKuTe jenToHH. [Io TO3W HAYMH JOKAJHUTE CTOMHOCTH HA TECTOBATA CTa-
TUCTHUKA MOTraT Ja O0bIaT M3MOJI3BAHU KATO MAPKA 3a JIOKAJIHATA 3HAUUNMOCT.

13.7.2 KombuHuUpaHe Ha JaHHU, HAOMPAHU MIPU Pa3JIMIHA eHep-
IS Ha HACPEITHUTE CHOIIOBE

[TapamerbpbT R, € nedunupan npu cruenuduydna CTONHOCT Ha eHEPIUATa B NEHTbPa HA
macuTe +/s. ClreoBaTeHO aKO aHAIM3BT KOMOMHHMPA JAHHW, HAOUPAHU IIPH PA3JIHIHH
CTOMHOCTH Ha 4/S, MapaMeTbpbT R, TpsabBa 1a Obje mpepasrieiad o onpejeieH HaunH.
Ako R, 1 R, ca cbOTBeTHHTE OTHOIICHUS, TIOJIyIeHN TP HAOOp Ha JAHHU NIPH eHePrHs
cborBeTHO a TeV u b TeV, Bpb3kara Mexy TAX MOxKe jia Obje u3paseHa 10 CJIeHUS
HAYMH:

920
0Z0p 0z0q Oz a(m) 040 4
Rop(m) = c s S = R a(m) s 13.26
7b(m) UZ/,b(m) 070.a O—Z/,a(m) ’ (m) UZ’,b(m; ( )
Ozt oM

B mopedero ciaydan mMa CMUCHJ TPAHUATIATE HA M3KJIIOYBAHE 1A Ce TPEJICTaBIAT B TEP-
MUHY Ha OTHONIEHNETO, ChOTBETCTBAIIO Ha JOMUHAPAIIH Ha6op ot gauau. OTHOITEHNETO
MOzKe J1a ObJie onpeneneno or MK, a orHomenuero 3a pa3JInYHU €HEePIuu MOXKe

,a ZO a

n1a Obie onpeneneno Kakto or MK, Taka u oT ekKcnepuMeHTAJIHA JAHHH.

UZ
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