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I'maBa 1

Ileu n cTpyKTypa Ha AucCepTaIludTa

Jucepramnusra ce ¢hCTOU OT 8 TJIABHM U JiBe MpUIokKeHnud. [IbpBuTe 5 riraBu uMat 3a 11eJ1 J1a 3aI103HasAT
ayauropusita ¢ ekcnepumenta CMS (Compact Muon Solenoid - KoMnakren MIOOHEH COJIEHOW]I) HA
LHC(Large Hadron Collider - Fosilemusit ajiponen Kcosiaiinep) u ja BbBeJAT HEOOXOAUMHUTE TEPMUHU H
BEJINYNHN, U3TMOMI3BAHN TP AHAJIN3UTE HA CHOUTUATA C MIOOHU, IIpeJCcTaBenn B riasu 6, 7 u 8.

B rnaBa 1 e mampaBeHO KpaTKo TpejcTaBsine Ha yckopuremans komiuieke B CERN, ommcanm ca
ocHoBHUTe mapamerpu Ha yckopuresst LHC (Fosemudar aapoHeH Kosaiijep) U ca NpejcTaBeHu JIeTeK-
TOPHHUTE KOMILTEKCH, PA3IOJIOKEHH Ha HEro W TexHuTe pusmdecku nporpamu. B rimasa 2 e onucan je-
rekropa CMS. O0bpHATO € BHUMAHNE HA [IPEIHA3HAYCHUETO U HPUHIUIIGT HA JefiCTBUE HA OTACTHUTE
noacucremu. OcobeH aKkIeHT e TMOCTaBeH BbpPXy MIooHHaTa cucrema Ha CMS, Thit Kato pesyararurte
B Ta3W JUCEPTANNS Ca CBHP3AHU MPEJIUMHO C aHAIN3 HA JAHHW OT MIOOHHWTE JeTeKTopu. B riasa 3
e IpeJICTaBeH MPUHIUILT Ha JefcTBHE Ha KaMEPHUTe CbC ChIIPOTUBHTEIHA ILJIOCKOCT. Onucan e Mexa-
HU3MBT Ha PA3BUTHE HA €JIEKTPOHHU JIABUHU B ra30Be W MHAYIHMPAHETO HA CHTHAJ BbPXY CUTHAJIHUTE
eqekTpoau. B Kkpas Ha ritaBaTa e npejcTaBeHa KaacupUKAIUs Ha KAMEPUTE ChC ChbIIPOTUBUTETHH ILIOC-
KOCTH U e 00OCHOBaH m300pa Ha KOHKPETHUS TeXHO/joru4eH nau3aiin Ha cucremara or RPC ma CMS.
B rnaBa 4 e onucana TpurepHarta cucrema, n3nos3sana or CMS. Tlo-koukperno BanManune e 0ObpHA-
TO Ha (OpMHUpPAHETO HA MIOOHHS Tpurep. AKIEHTHPAHO € BbpXy pemasamara possra Ha RPC karo
TPUTrePeH JIeTeKTOP 3a MPABUJIHOTO acOIMUpPaHe 10 BpeMe Ha peructpupanute croutud. Thit KaTo pe-
3yJITATUTE, MPEICTABEHN B Ta3W JIUCEPTAIMS KAacasgT OCHOBHO aHAJIN3 HA CHOUTHUs, KOUTO BKJIIOYBAT
MIOOHU B KPallHOTO C'hCTOSHYE, B IVIaBa D €A W3JI0KEHH OCHOBHUTE KPUTEPUU 33 HACHTU(MDUKAIIS, N30~
JIAIMSA U TPUTE€PUPAHe HA MIOOHHUTE KAHIUIATH. B JOMb/JIHEHNE Ca MPEJICTABeHN METOJAUTE 33 OIeHKa
Ha e(peKTUBHOCTTA HA T€3W KPUTEPHUHU, KAKTO M 3a OIEHKA Ha II'bJHATA €(PeKTUBHOCT 33 PErHCTpUpaHe,
TPUTrepUpaHe U PeKOHCTPYUpaHe HA MIOOHHHUTE KaHJIUIATH.

B rnaBa 6 e pasrienana paborara Ha cuctemara RPC mo Bpeme na nabop Ha mannu. IIpencrabe-
HU €& Pe3yJITATHTEe OT MPOBEJACHUTE U3CIeABAHUS Ha paboTara HA JAETEKTOPa W OT U3MEPBAHUSATA HA
BAKHU XapPaKTEPUCTUKH 33 CHCTeMATa - e(DeKTUBHOCT HA KAMEPUTE, ONTHMA/THO PADOTHO HAIIPEZKEHHE,
pa3Mepu Ha KIbCTEPUTE OT €IHOBPEMEHHO CPAbOTHJIM CUTHAJHU eJeKTpoan. [IpoBeaeHo e mocTosH-
HO HAOJIIOJIeHe Ha YCJIOBHUATA HA OKOJIHATA CPeJia U BIAUAHUETO Ha TeMIleparypara U arMocdepHOTO
HaJIsITaHe BbPXY KadecTBOTO Ha paboTa Ha JeTeKTopuTe. B pesynTar € BbBejleHa aBTOMATUYHA KOPEK-
usi KbM PA0OTHOTO HALPEKEHHE, KOeTO JI0BeJIe 10 cTaduan3upane Ha e(eKTUBHOCTTA M Pa3Mepa Ha
KJabCcTepuTe. B pe3ynrar Ha CHenuajn3upaHus aHau3 HA JAHHW W HEIPEKbCHATOTO HADJIOJIEeHWEe ca
OTKPUTH TPODOIEMH B CHCTEMATa OT KaMePH ChC ChIPOTUBUTEIHA ILIOCKOCT, KOUTO CA OTCTPAHEHU OT
JIETEKTOPHUTE eKclepThu. Beekn oresien mpobsieM e aHaJIM3upaH WHIAUBUIYAJIHO U B JETallId, KaTo €
choOpa3eH ¢ KOHKPEeTHUTE YCJIOBHs Ha HabOp Ha HaHHH. B pe3yiarar Ha HaBpeMe JIOKAJTH3UPAHUTE H
OTCTpaHeHU MPOoOJEeMHU, € rapaHTupaHa cTabumaHoCcTTa Ha cucTreMara or RPC, KakTo M KauecTBOTO Ha
HabpaHuTe JIAHHH.

B riaBa 7 e mpeacTraBeH MeTOLBT ca MOJAeHpaHe Ha padborara Ha gmerekropa RPC na CMS. 3a Ta3n
1eJ1 e pa3zpaboTeH cernuageH MeTojI, KONTO H3I0JI3Ba eKCIEePUMEHTAIHO H3MEPEHUTE XapaKTePUCTHKH
Ha JETeKTOpHTe M T'M U3IO0JI3Ba KAaTO BXOJIHH IapaMeTpu HpH cuMmyJanusTta. [Ipeacrasen e mabopa
OT TapaMeTpHu, KOUTO Ce CAeIIT U ce OOHOBSBAT MEPUOIMIHO, CHOOPA3HO KOHKPETHUTE YCIOBHA Ha
HA0OpaA HA JIAHHU - TTPOMSIHA HA €HEPIUUTE HA CHOMOBETE, MHTEeH3MBHOCTTA HA B3aMMOICHCTBUATA HJIH



HpoMsiHA Ha JIPYTH YCJI0BHA. Pa3riesanu ca KakTo aJTOPUTMHUTE 3a MOJEIUpaHe HA CHCTeMaTa, TaKa
U MEeTOJUTE 3a BaJIMJIUPaHe Ha TAXHATAa KOPEKTHOCT. MK MOAEJI'BT € BaJIMJIWUPaH 110 JBa Ha41KWHa - 4PE3
cpaBugBane Ha mojeanpanntTe RPC BeIMduHN ChC 3aI0:KEHUTE BXOIHU TAPAMETPH U YPe3 CPABHIBAHEe
Ha MK nanamTE ¢ eKCmepuMEeHTATHO TOJYYeHH pe3yararTh. [loaydeHnTe pesyaraTd OT aHAJIW3a Ha
CUMYJIUPAHUTE CHOUTHSA ca B J00PO ChIVIACKE C IOJYYECHUTE OT €KCIEePUMEHTAJHH JTAHHHU.

['naBa 8 e mocBeTeHa Ha aHAJIM3a Ha CHOUTHUS C JBa MIOOHA B KPAaifHOTO CbCTOAHHE U THPCEHETO Ha
HOBH HEYTPAJHN YACTUIH, KOUTO Ce PA3IAIAT 0 TAKMBA KPAlHU CbCTOSHUS. AHATH3BHT HA CHOUTHATA
e CbCPEJIOTOYEH OCHOBHO B T'bPCEHE Ha YKAa3aHHUSA 38 CHIIECTBYBAHETO HA YACTHIM, MPEICKA3AHU OT
HAKOJIKO PA3/INIHU MOJesa: ThpceHe Ha Zgg,, 0T Mojaesna SSM, Tbpcene Ha Z), 9HETO ChIECTBYBAHE
ce npejgpuda ot Teopusita Ha Benukoro Obenunenue, Thpcene na Kanyma-Korailn Bb30yzKaanus Ha
rpasuTona Gk ot mogeaure Ha Pannan-Cyuapym (Randall-Sundrun - RS). B gonbiaserue e npose-
JIEHO TbpceHe Ha HOBa BEKTOPHA YaCTHUIA /£, MPEHOCHTE Ha TEeH30PHU B3auMmojelicTBus. V3scHena
e CTpaTerusaTa 3a ThpPCEHe HA TeXKKU HeyTpasau 0o30mHu. [IpencraBeHn ca Kpurepuure 3a 1moadbOp Ha
MIOOHUTE " ,ZLBOﬁKHTe MIOOHHU M Ca IIOKa3aHU PEe3YyJITaTUTe 3a ereKTI/IBHOCTTa Ha Ta3l CEJCKIMA. HaH—
paBEH € aHaJIu3 Ha HIPHUHOCaA OT C'b6I/ITI/IH oT CTaH,ZLapTHI/IH MOJeJI B CIIEKTbHhpa IO MHBaApUaHTHU MacCH
Ha JBOUKHTE MIOOHH. B KpasiH Ha rjaBaTa ca IpeJIcTaBeHd Pe3yITaTUTe OT IPOBEICHUTE U3CJICIBAHUS
U ca TMOCTaBeHU TPAHUIM HA U3KII0UBane 32 Zggys, Zy U Gii.



I'1aBa 2

JlerekTopbT CMS ra LHC

2.1 ExcnepmmentbT CMS

CMS (Compact Muon Solenoid) [1| e equn oT rojemure eKCIepHMEHTH, DPA3MOJ0KEHN HA YCKO-
pureng LHC B CERN. ExcunepuMeHTHT U3I0/I3Ba JICTEKTODP € OOIIO INpeJHA3HAYCHHE M HMa 3a IIe
Jla U3cJeBa Neusd KnHeMaTudeH nuanas3oH, JocTbieH Ha LHC B ThpceHe Ha ykKa3aHHS 3a CbHINECT-
BYBAHETO Ha CYNMEePCUMETPHS, YKA3aHUs 3a JOMbIHATETHNA U3MepeHusd, XUrc 6030Ha, TeKKN BEKTOPHH
6030HU, B3aMMOJEiCTBUS HA TEKKUTe KBapku u pemuiia apyru. [Ipe3 2012r. ekcnepumenture CMS u
ATLAS |2] noxknansaxa 3a OTKpUTHe Ha HOBa wacThma ¢ Maca 125 GeV/c?, 3a Koaro ce cuura, ue e
JBJITO Thpcenust Xurc 6o3om (3, 4].

II'btHATA WHTETpaHA CBETUMOCT OT MPOTOH-TPOTOHHH B3amMojeicTBus 3a 2010 r. e okomo 44.2
pb~!, 3a 2011 r. Ta e 6.1 fb~1, a 3a 2012 - 23.3 fb~!. Banucanara uHTErpajHa CBETHMOCT OT OJOBO-
OJIOBHM B3auMO/JIeicTBU 3a JBara Habopa Ha januu B Kpasd Ha 2010 u B kpas Ha 2011 r. upu eneprus
Vs = 2.76 TeV pbzausa na oxkono 167 ub~!. TIupsure Tpu mecena or 2013 r. Gsxa 3ajesenu 3a
CHOMpAHETO Ha JAHHU OT TPOTOH-OJOBHU B3amMOJEHCTREA ¢ eneprus /s = 5.02 TeV, kato mbanara
HHTerpaJHa CBeTHMOCT OT TAX BL3JH3a Ha 0KoJo 31 nb~ !,

CMS wusnosssa JsCHO OpHEHTHPAHA KOODJNHATHA cHcTeMa [6], YuiiTo MeHThP ¢bBHATA ¢ HOMHHAT-
HATa TOYKA HA I'bPBUYHUTE B3aUMOJEHCTBU, OCTa 2 € HAaCO4YeHa 110 OCTa Ha CHOlA, OCTA Y € HACO4YeHa
BEPTUKAJIHO HArope, a 0CTa T COYU OT NEHT'bpa Ha B3auMOJEiiCTBUATA HaBbH. JecTo ce M3IM0/13Ba U
KOOPJIMHATHA CUCTEMA, C a3UMYTaJIeH bI'bJI ¢, KOHTO ce n3MepBa B paBHUHATA X — Y 110 MOCOKa, oOpaTHa
Ha YaCOBHUKOBATA CTPEJIKA U MOJAPHUAT bI'bJ O, KOUTO OTYWTa OTKJIOHEHHETO OT ocTa 2. Benmuwmna-
Ta mceBao0bp3uHa ce medunupa Karo n = —Intan(d/2) u gecro ce uznonssa Bmecto . Hanpeunara
KOMIIOHEHTa Ha UMILyJIca Ha JaCTUIHTE p; ce OHpefe/is OT BeKTOPHATA CyMa Ha KOMIOHEHTHTE Py U Py.

CMS wu3mo/13Ba CBPbHXIIPOBOJISIN COJTCHOUIAJIEH MAaTHUT, KOUTO ¢'b3/1aBa MarHuTHO moje 3.8 T Bbrpe
B HaMoTKara n 0kK010 1.8 T u3BbH HamMoTKaTa. BbB BbTpeIHaTa 9acT HA MACHUTA Ca PA3IOJI0KEHH
TpeKepHaTa W KAaJOpUMeTpUIHATa CHUCTeMa, a MIOOHHATA CHUCTeMa € paslojioyKeHa W3BbH Hero. [lo
OTHOITIEHNe Ha TOYKATa Ha B3aUMOJIEHCTBHUE ca JIeTeKTHPAIIUTe HIBA €A PA3MOJIOXKeHN KAKTO CJIe/IBa:

e 3 CJI0S CUJIMIINEBN MMUKCEJIOBU JIETEKTOPU 3a M3MepBaHe Ha MPUIEJTHUTE MapaMeTprd W TO3UITHUTE
Ha BbPXOBeTe Ha BTOPUIHHTE B3auMojeicTBus; 10 c10d OT CHIUNMEBH MUKDPOCTPHUIIOBH JIeTeK-
TOPW € BUCOKA TPAHYJIUPAHOCT, KOUTO 3a€/IHO C MUKCEJIOBUTE JeTEKTOPH OCUTYPSBAT HMPENU3HO
oTIpeJieJisTHe Ha UMITYJICUTe Ha JaCTHITATE;

e ejekTpomarauTer Kaaopumersbp (ECAL) | koifTo e HAIpaBeH 0T KPUCTATH OT OJIOBEH BOJMDpaMaT
(PbW O,), KoiiTo moKpusa paitoH mo ncesaobbp3uta 1o |n| < 3.0. B npegnara gact Ha asere 3ar-
BaPSIIIU YaCTH HA KAJOPUMeTbpa € MOHTHPAHA JIObIHATE]HA JeTEKTOPHA cucreMa (preshower)
38 NOJITHCKAHE HA MOTOKA OT HEYTPAJHU T ME30HH.

e Agponnus kanopumersp (HCAL) mokpusa paiton no ncesnoobp3una ot 1| < 3.0. Toii e or can-
BHYOB THII U € U3rPAJIEH OT IMOCIEI0BATENIHO PEIYBAIIK C€ MECHHIOBI adCOPOEPH M CIITHTHIATOPH.
B aBere kpaiinn wacTu Ha AeTEKTOpA, aAPOHHATA KAJOPUMETPHIHA CHCTEMa € JOI'bJIHEHA OT JBa
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Qurypa 2.1: derekropbr CMS.

[PeJIHI KAJOPUMEeTbpP, KOUTO OCUTYDSBAT MOKPUTHE 10 ceBao0obp3una o |n| < 5.0. [Ipegaure
KAJOPUMETPH ca U3paboTeHn OT cToMaHeHH abcopOepu U KBapIlOBU BIAKHA.

e Mioonnara cucrema e Pa310JIO2KEHa U3BbH HAMOTKaTa Ha MalrHHTa W € ITIOMeCTeHa MeXKJY KOHC-
TPYKIOUATA Ha CTOMaHEHHA Mal'HUTOIIPOBO,.

2.1.1 MrwooHHa cucremMma

MiooHHaTa CHCTeMa e pa3loJ0KeHa M3BbH HAMOTKATa HA MATHUTA M € ITOMECTeHA MEeKIy eje-
MEHTHTE Ha KOHCTPYKIMATA MAIHUTOIIPOBOJA, KOITO OCBeH TOBa CJIYKH U Karo abcopbep. Cucremara
e U3rpaJicHa OT TPU THUIIAa FA30HAIILIHCHH JICTEKTOPH Ha HOHM3MpAIIN YACTHIM- KaMepH ¢ apeiioBu
tpbou (DT - drift tubes), karonuu crpunosu kamepu (CSC - cathode strip chambers) u kamepu c¢be
cbruporusuresnta mwiockoct (RPC - resistive plate chambers).

2.1.1.1 peiidpoBu tpudbu (DT)

3a perucTpupaHe Ha MIOOHHU B IIEHTPAJIHATA YacT Ha jgerekTopa, Ha CMS ca usrpagenn 4 MIOOHHH
craunuu, Baoupamu DT u RPC. [IbpBara MoooHHA cTaHIdg € pas3lloJiozKeHa HeIoCPeICTBEHO CJIe/l
MAaTHUTA, & TTOCJIeJIHATA - U3BbH MarauTonposojia. DT nokpusar paiion 1o |n| < 1.2. IIpocTpancrBenaTa
pazaenuTennara cnocodHocT 33 DT e or okono 100 um 3a r — ¢ u okomo 150 ym 1o 2 W 3aBHCH OT

'bI"bJIA,10/] KOMTO MIOOHA LpecHYa JeTeKTupamiara pasHuHa. Pasjeauressara cliocoGHOCT 110 BpeMe e
5 ns [7].

2.1.1.2 Karoguu crpunosu kamepu (CSC)

B ziBeTe 3aTBapSIIK YACTH MIOOHHATA CHCTEMA € U3rpajieHa or Karoaaure crpunosu kamepu (CSC)
u RPC. CSC morar ga 6baar ¢GuHO cerMeHTHPAaHH U OCBeH TOBA HE Ce BIHSAAT CHJIHO OT HeeIHOPOI-
HOCTHTE Ha MarHUTHOTO ToJie. [lo neceBnoobp3nna CSC nokpusar paiton ot 0.9 < |n| < 2.4. BbB Besika
KpaﬁHa 3aTBapdilla 4YaCT Ca HU3IrPpadeHu I10 4 CTaHIIMM OT KaM€pH, MOHTHpaHM OT JiMOe€BaTa YaCT Ha
CTOMaHEHUTe JHCKOBe, MePHeHINKYJIIPHO Ha MOCOKaTa Ha cHoma. [IpocTpaHCcTBeHATa pas3ie/uTeTHa
criocobnoct Ha CSC e 75 um 3a KaMepuTe OT HAil-BHTPEINHUTE CTAHIMK U OKOJOo 150 um 3a Bcuduku
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Qurypa 2.2: Cxema Ha JABYIPOIEIHA KAMEPA CbC ChIPOTUBUTEHN IJIOCKOCTH C JIBA OTIACTHU MOJLYJIA
- TIpeJieH U 3a/leH

OCTaHaJIn CTaHOUH, KaTO 3aBUCHU OT 'bI'bJla, IIO KOWTO MIOOHBHT npecuvda AeTeKTUupalllaTa paBHHUHA.
Pasznenurennara cruocobuoct mo Bpeme e 6 ns [7].

Cucremure or DT u CSC nokpusat XepMeTnaHO paiioH 110 || < 2.4, KoeTo crnomara 3a npaBHJIHATA
uaeHTUHUKAIMA Ha MIOOHHTE B HHTepBaJ, choTBeTcTBall Ha 10° < 6 < 170°. EdexkrtuBnocrra 3a
PEKOHCTPYUpPaHe Ha MIOOHHHTE TPEKOBe ¢ OT mopaabka Ha 96% — 99%. Mskmodenusa ca eIuHCTBEHO
paiionure, chorBercTBaiy Ha Jydrosere mex iy mioonauTe DT cranmun (|n| = 0.25 u |n| = 0.8),
KaKTO U MMPEXOJHNATEe PAliOHU MeXKJy KpailHuTe NUJIWHJPUYHN P'bCTEHN U JINCKOBETE OT 3aTBAPSIIUTE
qact [8].

2.1.1.3 Kamepu cbc cpuporusurensu miaockocru (RPC)

3a J1a ce OCUTYpH HEJIBYCMUCICHO IPUBbP3BaHE Ha CHLOUTUATA 110 K'bM KOHKPETEH cOTbChK, BDEMETO
3a IIPUCTUTaHe Ha JOKAJHHUS CUIHAJ OT OTIAEIHUTE JETeKTOPH TPsiOBa Ja Obae MHOTO IO-MaJKo OT 25
ns. Toa € HAIOKWIO U3IPAKIAHETO HA JOMbJIHUTETHA TPUTEPHA CUCTEMA, BKJIOUYBAIIA JETEKTOPHU C
Obp3 OTKJMK M OTJIMYHA Pa3/eJuTeTHa CIOCOOHOCT MO BpeMe, & MMEHHO CHCTEMaTa OT KaMepU CbC
couporusuresnan mwiockoct (RPC). RPC ca pasmooskenn KakTo B IEHTPAIHATA TACT, TAKA U B J[BETE
3aTBapdAIny dacTH. B muimHapudHaTa dacT Ha gerekropa RPC ca pasmonoxkenu B 6 mocjegoBaTeIHd
HHUBa, KATO Ha IbPBATa W BTOpATA MIOOHHA CTAHIMS Ca pasmnojoxkeHu 1o jase Huba or RPC (mpeau
u caen kamepure ¢ DT). Ha tperara u yersbprara MIOOHHA CTAHIMS Ca PA3IOJOKEHHU 110 €JJHO HUBO
or RPC. B zarBapsamure wactu RPC ca wncramupanu BbPXy BBTPEITHATE 3 AUCKA HA MIOOHHATA
CUCTeMA, Pa3MOJIOKEHN NePHeHTNKYISPHO Ha octa Ha cHoma. Cucremara or RPC mokpusa paiion 1mo
nceo6bp3una j10 |n] < 1.6. Cberou ce or 480 KaMepH B IEHTpaJHATA YaCT, KOUTO IIOKPUBAT aKTHBHA
mront ot 2285 m? m 432 KaMepH B 3aTBapsNIATe YacTH, KOHTO MOKpHBaT mwiom or 668 m? [9]. Tosa
npasu RPC naii-rongmara merekTopHa cucteMa, yaactsama B CMS. Kamepute, uznonrspanu na CMS
MMaT JBynporenen au3aiin. JIBynponennus qusaita (durypa 2.2) BKIIOUYBA JABa €IHOIPOIETHHE MOLYJIa
MOHTHPAHU €JIUH BbPXY JAPYT, KOUTO UMAT OOIU CUTHAJIHU €JIEKTPOJIH.

Ha CMS, RPC ce u3noJi3BaT 0OCHOBHO KaTO TPUT'EPHU JIECTEKTOPU, KOETO € HAJOXKHJIO H3II0JI3BAHETO
Ha GakesnTenu IockocTu. CrennduaHOTO CHIPOTHBJIEHUe Ha GakeauTa e okoso 100 Q.cm u e mo-
HUCKO B CpaBHEHHE C TOBA Ha CTHLKJIOTO. PaboTHaTa razoBa cMec e TPUKOMIIOHEHTHA U BKI04UBa 95.2%
Freon ( CoHyFy, ussecren ome karo R134a), 4.5% uzobyran (i-C4Ho) u 0.3% cepen xekciadayopun
(SFg). /TobapsineTo Ha BOJHM mapw K'bM paboTHaTa CMeC, TaKa de Ja Ce TTOCTHIHE OTHOCHTENTHA BJIaK-
HocT Ha cmecTta or 0koso 40% — 50%, mo3BossgBa JOILAHATE]HO KOHTPOIUPAHE HA MOBbLPXHOCTHOTO
CHIIPOTUBJICHIE HA OAKEJUTOBUTE ILIOCKOCTH. IIponenbT MexKay JaBeTe IJIOCKOCTH € 2 mm. BbHIHT-



Te MOBBPXHOCTH HA JIBETE ILIOCKOCTHU €& MOKPHTU ¢ ThHBK I'papuTeH CJI0H, BLPXY KONTO ce mpuiara
3axpaHBailo Haupexkenue ot 0koJ0 9.6 kV [9, 10]. Mexty miockocrure ce ¢bh3gaBa CHJIHO €JEKTPUIHO
nosie or mopsaabka Ha 5 kV/mm. Tlpn npemuHaBaHeTo Ha 3apejeHa YaCTHIA 1IPE3 YyBCTBHTETHUTE
obeMu Ha Kameparta, 3all09Ba HoHU3aIusd Ha PabOTHUY Ta3 U Ce MHUIUUPA PA3BUTHETO HA €JIEKTPOHHH
JIABUHU B JIBaTa mpotena. [Ipu 1BUKeHNeTo cr Mo IeiCTBReTO Ha MTPUJIOKEHOTO eJTeKTPHIHO TO0JIe, 3a-
pe/leHUTe YacTUIR OT JIABUHATA WHAYIUPAT CATHAJ BbPXY CUTHAJTHUTE eJ1eKTPO/IHN, KOUTO ce HaMHupaT
U3BBbH CHIPOTUBUTETHUTE IIOCKOCTH. OCHOBHO NMPEJIMMCTBO HA JABYIIPOIEITHUS MOJIET € YBeJIndaBaHe
HA WHJIYIIUPAHUs CUT'HAJ, IPU 3alla3BaHe HA CTOMHOCTHUTE HA 3apsd/ia B OTJACJTHUTE HPOIEHU Ha ChITUTE
HUBA KaKTO B €JHONPOIEIHUTE KaMepu. Kamepure onepupar B JIABHHEH PEKUM, KOETO UM OCUTYPSBa
BBb3MOZKHOCT J1a (PYHKIMOHUPAT B YCJIOBHSA Ha MOIIEH MOTOK OT HoHusupamy dactuny ~ 1 kHz/cm?.

Beska kaMmepa ce ¢bheTOM OT JIBa WM TPH JABYHPOIENHU MOJYIa, 3aXBaHU Ype3 aJyMHUHUEBU ITPO-
durn. B nenarpannara dact ca pasmnoioxkenn 1020 TakuBa MOAYJA, & B 3aTBAPSIIATE YAaCTU ca Pas-
nosiozkenn 1296. Beekn enuu ayupornenes Moyl uma 0 96 MejHu CUIHATHA eJIeKTpoja (CTpUnoBe).
Taxa 3a ngnara cucrema or RPC o6muar 6poit kamamn naaxebpas 10° [9]. [Tupunara na curaananre
eJICKTPO/IN 32 KaMEPUTE C TPUTEPHH MPUJIOKEHHS € OT TMOPsIbKa Ha CAHTUMETPHU U 3a KaMepuTe, u3-
nos3Banu Ha CMS 14 Bapupa ot 2.3 710 4.1 ¢m 3a KaMepuTe, pa3loJoKeH! B IEHTPAJTHATA YAaCT U OT
1.7 no 3.6 cm 3a KaMepuTe, PasmoIOKeHN B 3aTBAPAIIATE YaCTH Ha JeTEKTOPA.

Pazjiesmuresina criocOGHOCT 110 BpeMe Ha JBYHPOLEIHUTE KAMEPHU ChC ChIIPOTUBUTE/IHA ILJIOCKOCT,
ONepHpaly B JaBHHEH PeKuM e 0T mopsiibka Ha 2 ns [12]. Ho npu onpenessine it 3a kamepuTe, HHCTa~
supann Ha CMS, TpsabBa 1a ce oTuerar JOMbJIHUTEIHE (PAKTOPH KATO, BPDEMETO 3a Pa3NpOCTPaHsIBaHe
Ha CHUTHAJa IO JIHJKUHATA HA CUTHAJHUA €JeKTPOJ, 3aKbCHEHUs Ha CUrHAJa 10 KabeauTe, a CbHIIO
TaKka U OT MaJKHTE BPpEeMeBH pa3/uku Hpu popMmupane Ha curuaja. Cies orduTane Ha NPHHOCUTE HA
BCHYKHM eDEKTH, ['bJIHATA PA3/e/UTesHA CIIOCOOHOCT 110 BpeMe e 110-1006pa ot 3 ns |7].



I'taBa 3

Pabora na gerektopsT RPC na CMS

[Ipes 2010 roauna padoTHUTE TOYKK Ha 3axpanpamoTo Hanpe:kenne Ha RPC Ogxa dpukcupanu na
9550 V 3a zarBapsiure yactu u 9350 V 3a nenrpannara dact [9] Ha gerekropa. Tesu croiinocTu ca
onpejieJieHd 110 BpeMe Ha KOHCTPYMPAHETO U BbBEXK/IAHETO B €KCILIOATallMs Ha KamepuTe Ha Dasara
Ha gamHn or kocmudHn aban [11], [14]. 3a dukcupane Ha onruMagHHTe CTONHOCTH HA 3aXPAHBAIIOTO
HalNpeyKeHue 1o BpeMe Ha HaDOP Ha JIAHHU Ca M3TOJI3BAHN eKCIIepUMeHTAIHN JaHHu, chopann mpe3 2010
1o 2012 roaguHa. Bb3 ocHOBa Ha aHaIM3 HA eKCIEPUMEHTAJHH JaHHH Ca OIpelesleHH WA H3MEePeHH
peuia BaxKHU XapaKTepUCTHKHU Ha cuctemaTta or RPC.

3.1 Omnpenengne Ha ePEKTUBHOCTTA HA KaMepUTe W Pa3MepPUTe
Ha KJI'bCTEPUTE

EdextuBnocrra nHa xamepure € OnpeeeHa ¢ MOMOIITA HA METOJd HA eKCTPANOJUPAHUTE CEerMEeHTH
[14]. Meroabr 103BO/ISIBA OCBEH eEKTHBHOCT HA KAMEPHUTE [a Ce ONPEeJIeH W pa3Mepa Ha KJIbCTepH-
Te OT CpabOTH/IN CUTHAJHU €JeKTPOAu. PazMepbT HA KIbCTepa Ce OlpeJie/isd OT Opos eTHOBPEMEHHO
CcpabOTU/IA C'hCEJIHM CUTHAJIHU €JIEKTPOJU B OTTOBOP Ha IIPEMUHABAHETO HA €JIHA YaCTHUIA IpPe3 dyB-
CTBUTEJIHUS 00eM Ha JeTekTopa. Pasmepure Ha KIbCTEPUTE 3aBUCSAT OT IMHPUHATA HA CUTHAJIHUTE
eJeKTPOIN, OT PAOOTHUTE IMapaMeTpH - TOJIeMHHATA Ha MPHIOKEHOTO BUCOKO HAIIpeXKeHHe, ChCTaB Ha
paboTHaTa razoBa CMeEC, OT MO3WIMATA HA PErHCTPUPAHOTO MONAMECHUE BHPXY CHTHAJTHUS €JIEKTPOJ,
KaKTO W OT bI'bJIa HA MaJ[aHe HA MIOOHA CIPSMO PABHUHATA HA CUTHAJHUTE e1eKTpoau. [Ipn cOmrbch-
nute, ocbinecrBaBann Ha LHC, moBedeTo MiooHu monajar MepleHIuKyIAPHO CIPIMO JIeTeKTHPAITUTE
HHUBA Ha KaMepuTe, KATO OTKJIOHeHHsiTa He Haasumasar 20°. Kakro e mokasano ua durypa (3.3), tu-
OUYHUAT pa3Mep Ha KIbCTEpUTE OT CPpabOTHIN eJIeKTPOIH € 2, a MUPUHATA Ha eJeKTPOIUTE BAPUPA OT
1.7 cm o 4.1 cm 3a pazauynuTe MIOOHHU cTaHIuu. Pekoncrpyupanure TpekoBu cermentu B DT wian
CSC ce ekcrpamoaupar JUHEHHO 10 paBHHHATA, B KOATO Ca PA3MOJIO0KEHH CHTHAJTHUTE €JeKTPOIN Ha
RPC. 3a Bcgko ekcTpamnoJimpato MonajieHue ce ThPCu CbBIaJjieHne ¢ Hali-0iu3Kus Kiaberep. Cuuta ce,
4e KOHKPETHOTO ChOUTHE € PETHCTPUPAHO e(PEKTUBHO aKO HaM-OJIU3KOTO PEKOHCTPYUPAHO HOMAIeHNE B
RPC momyna e Ha pa3cTogHUe He TTOBeYe OT JBe MUPUHN HA CUTHAJTHUTE eJIeKTPoau. OCBeH onpeiesHe
Ha e(DEKTUBHOCTTA HA KAMEPUTE, METOIbT MO3BOJIABA W OIPEIE/IsIHE HA HPOCTPAHCTBEHATA PAa3/Ie/Iu-
tenHa crnocobrocT Ha RPC . Pasnmumknre MexXmay ekcTpamoiampaHaTa TOYKA W IMEHTHPA Ha KIbCTEpa,
ornpejiesieHn B paBHUHATA Ha curHaaanTe RPC ejekTpoan He HAABUIIABAT JIBE MIUPUHYN HA CUTHAJTHUTE
eqekTpoau. Pasiukure 3aBHCAT Hali-Bede OT NIMPHHATA HA CHTHAJHUTE €JIEKTPOIU U PasMepHuTe Ha
Kaberepure [15].

Ha durypa 3.1 karo upumep ca nokaszanu epeKTuBHOCTUTE, Oolipejiesienn B Kpad na 2011 roauna,
3a Benukn RPC mMomynm or meHTpasHaTa 9acT Ha JeTeKTOPA.



l, (=T 1T 1T 7T ] L T T rrr ] T 1T I T 17T T LB I T 1 17T l T 1T 17 T T T r 17T I T T T—T—<
el 500 n
= - Predicted Efficiency Mean 95.2 RMS 4.6 .
: ——— Observed Efficiency Mean 94.4 RMS 10.5 B
400 — i
300 +
200|— T
100[— O
0 ;._1 Ll I L1l L l LA 1 1 I Ll b l l Ll l j l L.l e Lk 1 1 1 l—

0 10 20 30 40 50 60 70 80 90 100

Efficiency (%)

@urypa 3.1: Edhexrupnoct, ompegesena B kpast Ha 2011 rogwaa 3a Becnaku RPC moaymu B ieaTpainara
JacT Ha JeTeKTopa. B YepBeHO ca mpejicTaBeHN pe3yJITaTuTe, MOJyIeHN OT eKCIepUMeHTAJIHH JTaHHM,
a B CUHBO - Pe3YITATUTe OT CUMYJIAIUS HA JIETEKTOpA.

3.2 OmnpepensgHe HA ONTHMAJHO PAOOTHO HaIIpeXKeHne Ha KaMe-
pure

[Ipe3 2011 u B nagasioro Ha 2012 rojuHa ce IpoBeIOXa CIIeIMAJHE HAOOPHU Ha JAHHU C PA3JIUIHHU CTOM-
HOCTH Ha Hampexkenuero. Llenara e ga ce onpeesnn eeKTUBHOCTTA HA KAMEPHTE 33, PA3JIHIHI CTORHOCTH
HA HAIIPEXKEHUETO U Ja Ce OIIpeaes i HeroBaTa ONTHMAJIHATA CTOMHOCT 3a BesKa eaHa Kamepa. [Ipn om-
pejiesisiHe Ha epeKTUBHATA CTOWHOCT Ha MPHUJI0KEHOTO PAabOTHO HAIIPeyKeHHe €A OTYeTeHU BapualuuTe
B arMocEPHOTO HAJIATAHe U TeMIlepaTypara Ha OKOJHaTa cpena 1o ciaegnara dhopmyna [11]:

P T
P T
KbjeTo HV e npuao:keHoTo BUCOKO Hamnpexkenue, P u T' ca chOTBETHO HAJATAHETO W aOCOJTIOTHATA
TeMIepaTrypa Ha OKoJHaTa cpeina, Py = 965 mbar u Ty = 293 K ca pedepentnute cToiiHOCTH HA
HaJIAraHeTo U TeMieparypata, a H V. g e edexTuBnaTa cToitHOCT Ha HampexkenueTo. JJomunupar edexr
B Ta3W KOPEKIUsSI MMAT Bapuanuure Ha arMocdepHoro Hassrane [15].
[Ipu npoBeieHOTO CKaHUpaHe ca u3Mepenn e(PeKTUBHOCTUTE HA KaMepuTe 3a 11 pa3audHu cToitHOC-
TH Ha HATIpezkeHneTo B nHTepBasaa ot 8.5 kV 10 9.7 kV. 3aBucumocrra Ha epeKTUBHOCTTA HA KAMEPUTE
OT MOJAEHOTO BHCOKO Hampexkenue (durypa 3.2) Moxke ja ce pUTHPA CbC CUIMOU/T;

HV,5(P,T)=HV - (3.1)

Emacv

€= 1+ e MHVeg—HVs50%) (32)
K'DJIETO €4, € MaKCUMajHaTa €PEeKTUBHOCT, A\ € KOoedUIUEeHT, OpeJesin HaKJIOHA HA KpuUBaTa, a
HVs599 € CTOMHOCTTA Ha HANPEKEHHETO, IIPH KOeTO edeKTUBHOCTTa Ha Kamepara gocrura H0% ot
MakKcuMaJHaTa epeKTUBHOCT. ,Komsanoro” ce jpedmunupa KaTo ToYKaTa, NpH KOATO €(PeKTUBHOCTTA JIOC-
tura 95% ot MakcuMasaHara croitnoct. Ourumannara paboraa Touka (WP - working point) ce uzbupa
Ja Obje caell KOJASHOTO, B 001acTTa, KbJIeTO KPUBAaTa JOCTUTA J0 ILIATO, a eheKTUBHOCTTA JOCTUTA
MaKCHMAaJIHA CTOHHOCT. PaboTHaTa TOUKA Ha HAIIPEKEHHETO 3a OTAEJTHUTE KaMepHu ce JepUHUpa KaTo
CTOWHOCTTA Ha Hampe:keHuero B KoJgHoto mioc 100 V 3a kamepute B IHeHTpaHATA dacT Ha JETeK-
topa, win mwioc 150 V 3a kamepure B 3aTBapsIuTe 9acTd Ha JATEKTOpa. PasiuknuTe B Pas3IUIHHUTE
CTOMHOCTH 3a IMUJNHAPUIHATA U JIBETE 3aTBAPAIIN YaCTH OTPA3dBaT PA3JHIHUTE TPUTEPHU AJITOPUTMH
B IeHTPAJHATA YaCT U B 3aTBAPAIIUTE YaCTH.
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Qurypa 3.2: EdexkTuBHOCT Ha KaMepara KaTo (PYyHKIUS OT MPUJIOXKEHOTO BUCOKO HAaNpeyKeHue. 3a
IIPOBEICHATE W3CACABAHNA Ca HAOpaHU JaHHH, OTTOBAPAII Ha 5.72 pb .

3.3 CrabmaHOoCT Ha JeTEKTOpa

B cpenara na 2011 roguna 6sxa BbBejeH aBTOMATHIHU KOPEKIMH K'bM HPUJIATAHOTO BHCOKO Halpe-
JKeHHe, KOUTO OTYMTAT HPOMsSHATA Ha TeMIleparypaTa U aTMOChepHOTO HaJsdraHe Ha OKOJIHATA Cpeja
[9]. Ha durypa 3.3 ca nokasanu pesyaTaTuTe OT MPUIATAHETO HA aBTOMATHIHUTE KOpeKiuu. KakTo
MOXkKe j1a ce 3abesiexku ot durypa 3.3 BiasiBo, QIyKTyaluuTe B CTORHOCTUTE Ha ePeKTHBHOCTTA Ha Ka-
MepUTe HAMAJSABAT 9yBCTBUTEIHO 10 0K0I0 +1%. Tlo-BucokunTe cpeanu croiinocTn Ha eeKTHBHOCTTA
Ha KaMepuTe Ipe/id BbBEXK/IaHEeTO HA aBTOMATUIHUTE KOPEKIMH ce JIbJXKIA Ha n30bopa Ha pedepeHTHa
croiinocT Ha arMocdepHoTo Hadadrame or 965 mbar. B maganoro na 2011 roauna cpejanaTta cTORHOCT
Ha aTMochepHOTO Hajsrane Oele MO Ta3W CTOHHOCT, KOETO JaBa CBOsS HPUHOC B CTOMHOCTHTE Ha
edekTuBHOCTTA Ha Kamepute. Ha durypa 3.3 BisicHO ca 1moKa3aHu cpejHUTe CTORHOCTH Ha pa3MepuTe
Ha GOpPMUpAHUTE KJIbCTEPUTE KATO (PYHKIMSA HA BPEMETO B TEPMUHHM Ha HOMepa Ha HaOOp Ha JTaHHHU.
fcHo ce 3abe1g3Ba, 4e BbBEJICHUTE aBTOMATHYHU KOPEKIIMU BOJLT JI0 CTaOW/IM3UpaHe Ha pa3Mepa Ha
KJI'bCTEPUTE.

3.3.1 YecroTa Ha cpaboTBaHEe HA CUTHAJHUTE €JIEKTPOJIU U TIIyM

CpaborBaneTo Ha KaMeparTa, BCJIJICTBHE HA COOCTBEHUS I TITyM, MOZKe J1a JIOBEJIe JI0 TTOTPETITHO OMpee-
JIsTHe Ha HAIIPEYHUTE UMIIY/JICH HAa MIOOHHHTE KAaHIMIATH WM Ha PETHCTPUPAHETO Ha M3MAJI0 (haIInBI
MIOOHHH CHOHTHS B H3XOJHHWTE NaHHU. Ha mpakTuka e TpyAHO 1a ce pas3srpaHMYM KOHKDPETHHS IIpH-
HOC HA UCTUHCKUA CHOUTHSI OT IPUHOCA OT (pajiiuBu CHLOUTHUS, JIHJZKAINN Ce HA MIyMSIIM CATHAJHH
eJeKTPO/IN WK IIIYM B eJeKTpOHuKaTa. [1o Ta3u mpudnHa e pa3paboTeH CIenuaieH ajropuTbM, KOHTo
CJIe/IM 9eCTOTaTa HA CPADOTBAHUSATA HA OT/AEJTHUTE CUTHAJHU €JIeKTPOIN U UAeHTH(UINPA Te3U ¢ Hall-
roJisiMa 9ecToTa Ha cpaborBaHe. IIpn HEOOXOAUMOCT TeTEKTOPHUAT €KCIePT MACKUPA CUTHAJA, UIBAIIL
OT KOHKPeTHHs e1eKTpod. OOUKHOBEHO TOBa ce IPaBU aKo OpodaT Ha cpaboTBanusTa Hagsuimasa 100
Hz/cm?. Ilenra e cpemuuat 6poii Ha cpabOTBAHMATA HA CHTHATHUTE €JCKTPOIA B elIHa KaMepa Ja ce
zanassa He no-sucok or 0.1 — 0.2 Hz/cm? [16]. Curnasiure or eJleKTpojuTe ce yCHIBaT OT JeTeKTOpHA-
Ta eJeKTPOHUKA, CJIel KOeTo ce cuaxpounu3upar ¢ decrorara Ha LHC u ce m3npamar kbM TpurepHara
efnekTponnka. CuUrHajmre OT ,MacCKUpaHUTE" eJIeKTPOJIH He ce B3UMAT IpeJBHJ Ipu (dpopMHpPaHe Ha
TPUTEPHOTO PeEIleHHE.
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Durypa 3.3: Basiso: Cpeanara epeKTHBHOCT HA KaMepHUTe KaTO (PYHKINS HA BPEMeTO 3a HabOpH Ha TaH-
HU Mexkry anpui u okromspu 2011 roguna. Bagcno: Cpeana cTofHOCT Ha pasMepuTe Ha KAbCTEPUTE
(B 6poii cpabOTUIM CUTHAJIHE €JIEKTPOJIA) KaTo (QYHKIUS HA BPEMETO 3a ChIMUs MePUOJl. 3aBUCHMOCT-
Ta OT BPEMETO € MPE/CTaBeHA B TEPMUHHU HA HOMED HA CbOTBETHUTE HAOOPH, & C BEPTUKAJIHA JIMHUS
e oTOe/IsI3aHa TPAHUIATA MPEIN U CJAeJ BbBEXKJTAHETO HA aBTOMATHYHUTE KOPEKIMH KbM Pa0OTHOTO
HAIMPEYKeHHe.

3.4 ExcnpeceH aHaJanm3 1 oJ00peHNe Ha JaHHUI

Excupecuusit anam3 Ha JaHHA UMa 3a Iej Ha Oa3ara Ha HaOJJIIOJEHHETO Ha OIpeesieH Habop OT
napaMeTpu Ja IIpocaean (PYHKIMOHMPAHETO Ha JAETeKTOpHTEe, 00paboTKara HA I'bPBHYHUTE IAHHHU,
Obp3aTa PEKOHCTPYKIUS M B KpaiiHa cMeTKa Jia HAIPpaBH IIPEIeHKa 3a KA9eCTBOTO Ha ChOpaHuTe JTaHHH.

AHaau3bT ce W3BLPIIBA ¢ MOMOIINTA Ha HAKOJIKO CHCTEMU 33 HAOJIOAEHHe Ha KAadeCcTBOTO HA JaH-
HUTe U pabOTHHUTe mapaMeTpu Ha gerekropure. OCHOBHA TEXKECT B CJIydasl Ce IIaJa Ha CHCTeMAaTa 3a
MOHHUTOPHHT Ha KadecTBoTo Ha mannure - DQM (Data Quality Monitoring) [17].

KbM Bede uspemeHnTe 10 TYK pabOTHH MapaMeTpH Ha JeTEKTOpa e CJEIN U ChCTOSHUETO Ha, Ce]-
HUTE BCJIMYHMHU HJIN XapPaKTEPUCTUKU Ha KaMepuTe: TOK B KaMepuTe, CUHXPpOHU3alud U aCOIIUUPaHEe
10 ObHY-KPOCHHT, 3aCeIBaHe HA KaMEPHTE, pa3Mepu Ha KJIbCTEPUTE, MHOKECTBEHOCT, TeMIepaTypa u
HaJIATaHe, BJIAXKHOCT Ha IIOMEIEHHeTO, CbCTOSHHETO Ha pabOTHATa ra3oBaTa CMeC, CbCTOSHHETO Ha
JIPYTUTEe IeTEeKTOPH, KAKTO U BCAKA €IHA HeIpeIBUICHA CUTYAIlUs.

CoOpaHuTe JaHHH ce 0J00paBaT U cepTHMUIIIPAT KATO TOAHN 3a (HhU3UIEH aHAJIH3 OT JeTEKTOPHUS
eKCIIEPT Ha BCAKA €IHA JeTeKTOpHa cucrema. Omobpenure gaHHH (OPMHPAT JBa OCHOBHH Habopa -
MIOOHHH, TP HAOOpa HA KOUTO, BCHIKH MIOOHHHU AETEKTOPH ILJIIOC MUKCEIOBHS JETEKTOD ¢a paboTHIH
0e3 OTKJIOHEHHsI, ¥ TaKa HapedeHHs 3JaTeH HAOOp OT JaHHHU - KOraTO BCHIKH OTIETHU JIeTEeKTOPHH
cuctemu Ha CMS ca OWIM BKJIIOYEHHU U ca OllepupaJin npasuiano. Heomobpenure q1aHHE He ce U3XBbP-
JST. 33 TbKATETHO Ce MPaBU 33 bJ00YEH aHAJN3 HA BH3HUKHAIUTE IPOOJIEMH H IIPH Bb3MOXKHOCT
BJINAHUETO UM BBbPXY Ka4d€CTBOTO Ha JaHHHUTE C€ KOMIICHCHUDA YPE3 ,ZLO6aBHH€ Ha pa3/IM4YHU KOPEKI WU
IpH PEPEKOHCTPYHPAHETO HA HAOpAHUTE JAHHH.
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I'1aBa 4

MK monenupane Ha RPC cucremara na CMS

KpuTndna 4acT OpHd BCEKH €JUH aHAJIMU3 € YCICNIHOTO pa3jiejissHe Ha JeTeKTOPHUTE e(eKTH OT
peaHuTe (PU3MIHU ITPOIIECH, BCIEACTBIE Ha B3AMMOIeHCTBHE HA YaCTUIINTE OT YCKOpeHnTe cHonoBe. Ha
Da3ara Ha aHAJM3WTE HA €KCIEPUMEHTAHU JaHnu, pyHKnuoHupanero Ha jgerekropa CMS e uzydeno
B JleTailin U TOJyYeHHUTe pe3yJTaThu ca 3aJjokeHn B codpryepa, m3noa3san 3a MK momenwpane na
CMS. OcBen ToOBa MoaeMPaHETO HA OTKJANKA Ha JIETEKTOPA €€ M3TOJI3Ba U IIPH aHAIN3a Ha TEKYIIaTa
HajicTpoiika Ha cucremara or RPC na CMS.

B nocyiegauTe jeceTuHa TOAUHT ca TpeIoXKeHH pa3andaau Buga MK rexnuku 3a moaenupane GyH-
KIMOHUPAHETO U onTuMu3upane Ha ju3aiina Ha konkpered tun RPC. B konkpernus ciyuait obaue,
e HeoOXoanMo jJa ce mojesupa paborara Ha 2316 eJIHOTHUIIHH JeTeKTOpa, BKJIIUYNUTEIHO U padorara
Ha JeTekTopHaTa ejnekrponnka. RPC momynmure B pazamunnrte reomerpuwanu paitonn Ha CMS mmar
eHAK'bB JU3afiH U CJIe/IOBATEJTHO UMAT €HU U CHIU XapaKTepPUCTUKH. EKCIEepUMEHTAHO OIpeee-
HUTE CTOMHOCTH HA OCHOBHUTE XapaKTEPUCTUKU Ha KaMEpPHUTEe JaBaT Bb3MOXKHOCT 3a paspadoOTBAHETO
u mpuaaranero Ha napamerpusupan MK momen #Ha oTkinka Ha cuctemara or RPC.

4.1 OcnoBuu MK mapamerpu Ha cucremara ot RPC n mepmnoan
HA BaJUIHOCT

AIroprTBMBT 33 MOAeIUpAHE Ha OTKIHKA Ha cucremara or RPC u3moassa dernpu oCHOBHE mapame-
Tbpa 23], a umenno:

o FEdexmuenocm 3a BCeKU €JIMH CUTHAJIEH €JIEKTPO/I;

e Bepoammnocm 3a opmupare na xascmep ¢ onpedeser pazmep 3a BCEKH eJUH JeTeKTOPEH MOILYJI;
o [lapamemsp 36 CUHTPOHUSUPAHE NO 6peMe 3a BCAKA OTJIC/THA KaMepa,

o [Ilym 3a BCEKM eJMH CUTHAJIECH €JIeKTPO/I.

EctecTBeno e npu mpoMsiHaTa Ha pasMIHUTe pe:kuMHu Ha padota Ha LHC - pasimumunu eneprum,
MOBUINIaBaHE HAa WHTEH3UBHOCTTA HA CHOINOBETE W C'hbOTBETHO MO-BUCOKA CBETHUMOCT, CTOWHOCTHUTE HA
napamMerpure ga ce npoMmerar. Ot craprupanero Ha LHC no xpas ma 2011 roausa ca W3MOJI3BaHE TPH
OCHOBHW MapaMeTPpUIHU Habopa:

e Ot kpag na 2009 10 cpemara Ha 2010 rogwsa ca M3MOA3BAHH CTAHIAPTHUTE CTOHHOCTH HA Ia-
paMeTpuTe, OIpeae/eHn Ha Oa3ara Ha TECTOBE ¢ KOCMUYHHU JIbaH, npoBeaenn B bapu, IlaBus n
Codus [24], a cbio u or ananusa Ha KOCMUYHE jgaHHd, chOpanu mpe3 2009 roguma [11, 14].
Ha 6azara ma mosydenuTe pesyaraTu ca (puKcHpaHu 'bpBoHadaanuTe crofinoctu Ha MK mapa-
Merpure: edeKTuBHOCT 3a Beeku eaud RPC momyn 95%, miyMm 3a BCeKH eIUH CUTHAJEH eJIEeKTPOI,
0.05 Hz/cm?, pazaesuresna ciocobuoct 1o speme 1.42 ns. Beposrrocrure 3a hoopmupane Ha pas-
JIMYHU Ppa3MeEpHu Ha KJIbCTEPHUTE Ca INOJYYEHH €KCIHEepUMEHTAJHO OT aHaJUu3 Ha KOCMHUYHU JaHHU

[25].
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e Mauiko cien cpenara Ha 2010 roauna, 0sgxa BbBeIeHM HOBH HAOOPH OT IapaMeTpH, OlIpeaeeHn
OT aHAJIM3a HA ChOpPAHUTE JO MOMEHTA €KCIEPUMEHTAJIHH JaHHU.

e Ot cpemara Ha 2011 rogmHa 10 cera ca OMpeesiHA W BbBEKIAHN HAKOIKO PA3JIUIHU HAbOpa OT
MK napamerpu, oTroBapsIiyi Ha pa3IddHUTE eTalld 0T HabOpuTe Ha JTaHHMU.

B Tasm jpmcepranud ca mIpejcTaBeHd pe3yJTaTHTEe, MOJydYeHH Ha Oa3aTa Ha JAHHU OT IPOTOH-
IIPOTOHHY B3aUMOJIEHCTBUSA, HAGMPAHU NPU €HEPTUs B NEHTHP Ha MacutTe oT /s = 7 TeV.

4.2 IlocaenoBaresHnn crbiiku nmpu MK moaenumpanero Ha OTK-
anka Ha cucrtemara ot RPC

HOCJIG,ZLOB&TG.HHOCTT& Ha OTACJTHUTE CT'BIIKK MOXKE [Ja Ce€ OIHIIe B CJAeIHNAd DE:

4.2.0.1 TI'emepupane Ha cbOUTHHA

3a reHepupaHe Ha CbOUTHS e M3IOJ3BAH TeHEpATOpbT Ha chOuTus Pythia 6 [19]. C merosa momorrr
ca renepupann Jpesr-2lu cubutns |26, 27| ¢ aBa MIOOHA B KPailHOTO CbCTOSHHE W MHBAPHAHTHA Maca
na jsara mioona M > 60 GeV/c® 3a ga ce mamaau BpemerTo 3a cuMyjaanus u obeMa OT JIAHHH,
CUMyJIAIsITa e OrpaHnveHa B paifona |n| < 1.6, kbaero ca pasnonoxenn RPC.

4.2.1 JleTeKTOpPHO MOjieJIMPaAHE

CMSSW uma unrepdeiic kbm GEANTA4 [28], koiiTo ce n3moassa 3a Mojieiupane Ha (DU3HIHUTE IPOIECH
Ipd IpeMUHABaHe Ha YaCTUIUTE IIpe3 JeTEeKTOPa U B3aMMOIEHCTBHATA UM C BeIecTBOTO. IIbaHOTO 1
Openu3no onucanue Ha gerekropa CMS BKIIOUBA omHcaHWe HA KOHCTPYKIUATA U MaTEPUATUTE, OT
KOHUTO Ca U3I'PaJeHU OTACJITHUTE JCTCKTOPU. K’bM HETO ce rZLO6aBH n I/IHCbOpMa]_[I/IH 3a Mal'HUTHOTO II0JI€e,
TpbbaTa Ha CHOMA, pa3MepH Ha CHOIA, bI'bJ Ha MpecuvaHe Ha CHOMOBeTe, NH(MOPMAINA 38 HAJTUTAIILHTE
qacTHIE U JAp.. KpailHugaT pe3yarar oT JeTeKTOPHOTO MOJeInpaHe € HH(MOPMAIUATA 33 CHMYIHPAHO
nomnajeHe B aKTUBHUA 00eM Ha JIeTeKTOopa.

4.2.2 OTKJINK Ha JEeTEKTOPHATA €JEKTPOHUKA

B oTrosop Ha BCIKO cHUMYJIUpAHO MONaJeHHE B aKTHBHUS 00eM Ha JeTeKTOpa ce CHMYJINPa CpabOTBAHE
Ha €JIMH WM HAKOJIKO CHUI'HaJIHKM ejieKTpoja. ndopmanusra 3a CHHXPOHU3AIMS Ce U3I0JI3BA 33 aco-
uupaHe Ha OTKJIMKA Ha JeTeKTopa 1o ObHY-KpocuHI. Ha cbiiara cTbika ce cUMyaupa W IIyMa Ha
JIETEKTOPA.

e ExcnepumenrasiHo ompejesieHuTe croiinocTr Ha edekTuBHocTTa HA RPC ce u3nonspar kaTo BXo/I-
HU [MapaMeTpH IIPH MOJeINpaHeTo Ha OTKAuKa Ha cucreMara or RPC. 3a menra cpemnara croii-
HOCT Ha e(eKTHBHOCTTA HA KOHKPETHHS MOIYJ Ce MPHUCBOSBA KATO BXOJEH IMapaMeTbp Ha OT-
JICTHATE CUTHAJIHH €JeKTPONN - €gppip. 1la MPAKTUKA AJTOPATHMDBT 32 JUTHTAIH3HPaHe N3II0M3-
Ba CJYYailHO YHCJIO €,,4 OT PABHOMepPHO pasmnpenenenue mMexxay 0 u 1. [eHepupaHoTo 9mCaIO ce
CPABHABA C €gppjp U AKO Egppip > €rpg KOHKDETHHA CHTHAJIEH eJIEKTPOJ, ce CYuTa 3a cpabormia. B
IPOTUBEH CAyYail ce CMsITa, Ue MOMAJeHHEeTO He € PEruCTPUPAHO OT JIETEKTOpa U Ce IIPEeMHHABA
KbM 00paboTKaTa Ha CJIeIBAIIOTO MOIAIeHUE.

e Pasmep Ha KrbCTepa - 3a IEJITa Ce N3I0JA3Ba eMIIMPUIHO OIPEIeICHH pa3lpeleeHus 3a PasMe-
pa Ha Kabcrepure 3a Beekn equa RPC monyn. Curnaauusar erekTpo, ce pasaensd popMaaHo Ha
5 JIeHTH 110 HeropaTa ImmpuHa. KoopauHaTuTe Ha IOIAJCHUETO Ce M3MOI3BAT 33 1A Ce Olpeje-
JIX JICHTATa, B KOATO TO € pealn3upaHo. 3a BCIKa €IHA JEHTa BEPOATHOCTHOTO Pa3NpeIeIeHue
f(z),i € [1,20] 3a dopmupane Ha pa3auIHA pa3MepH Ha KJIbCTEPHTE € ONPEIeTeHO eKCIIePUMEH-

20
tasnno [25]. Ha mpakTuka ajaropurbMbT nsnosssa croiinocrure F(z;) = Y f(x;). Tenepupa ce
1
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cay4aiino wucsio u € (0,1). Yucaoro u ce cpaBusBa cbe croifnocrra Ha F(7;) m ako u > F(x;),
CTOMHOCTTA Ha  C€ yBeJu4aBa ¢ eJMHUIA, T.e. 1 = ¢ + 1 u ce uporejupa 1o cbius Hadud. [Ipo-
e/lypara ce IpeKpaTsiBa, KOraTto e U3IIbJIHeHO yeaoBuero u < F(z;). Cumynupanusar pasmep Ha
KJI'bCTEpPa € paBeH Ha Opos mrepanuu, T.e. clustersize = 1. ['eoMeTpuvHO KJIbCTEPHT Ce IEHT-
pUpa OKOJIO CUTHAJIHUS €JeKTPOJ, BbPXYy KOWTO e mnomnajHas a Jacrunara. Jlombanureanusg Opoi
cpabOTH/IN CUTHAIHU €JIeKTPOIN Ce PA3NpeaeIsaT PABHOMEPHO OKOJIO IMEHTPAIHU eIeKTPoI. AKO
pa3MepbT Ha KJIbCTepa € IYeTHO TUCI0, MOCASTHUIT , aKTUBHPAH® CUTHAJIEH eJeKTPO ce n30upa
TakKa, Ye Ja Ce HAMUPa Bb3MOKHO HAM-0/IM30 /10 MEHT'bPA HA KIHCTEPA.

e CuHXpOHW3AIM - JaHHUTE OT JeTekTopa CMS ce weraT u 3anucBat Ha Beeku 25 ns. Ha mpakTuka
B €JIHO cbOUTHE ce 3amucBa nHdopManuaTa, chdpana oT 6 1mocjeJ0BATeJTHI BpeMeBU 1IPO30peria
- 2 npeju u 3 caej HeHTpaaTnusgd O bHYI-KPOCHHT.

3a 1esmTe Ha CUMY/IAMUATA Ce MPECMSITa ,CUMYJIAPAHOTO" BpeMe, KOeTO BKJIIOYBA BPEMETO 3a
penuTaHe Ha 9acTUIATa, BPEMETO 32 Pa3IpOCTpaHeHne HA CUTHAJIA TI0 IbJIKUHATA Ha €JIEKTPOIA.
[Ipu ToBa M34YMCcIeHHEe € HeOOXOIUMO Jla ce OTYeTe U pas3Je/NUTeHAaTa CIIOCOOHOCT IO BpeMe Ha
KamepaTta. Paszzmennrennara crocoOHOCT 10 BpeMe ce MOJAEeJIUpa KaTo KbM IIbJIHOTO BpeMe ce
JI00aBH CAYYaWHO TeHepupaHO UHUCJI0 OT TayCoBO pasmlpeeneHne ¢bhC cpegHa cToiHocT 0 ns u
CTaHJAPTHO OTKJOHeHue 1.42 ns.

Ot apyra crpaHa ce NpecMsTa TaKa HAPEYEHOTO ,,IETEKTOPHO BpeMe, KOeTO BKJIIOYBA BPEMETO
3a pa3npoCTpaHeHue Ha CHUTHAJA 10 KaDeJauTe W BPEeMeTO 3a pa3lpoCTpaHeHHe Ha CUTHAIA OT
cpeJlaTa Ha eJIeKTPoja JI0 Heropus Kpaii. /IBere BpeMeHa ce CpaBHSBAT W CIOPE]I MOJydeHATA
pa3JIMKa ce ompejie/id B KO BpeMeBH IPO30PeI IOoa a CUMYJIAPAHOTO ChOUTHE.

e [Ilywm - Jlocera 3a mogenupane Ha cucremara or RPC ca n3non3Banu aBa THITA MapaMeTPU3aIis.
CrangapTHaTa IIapaMeTpu3alis, BKI0UBalla eHa 1 cbila croiinoct or 0.05 Hz/cm? 3a Benuku
CUTHAJIHU eJIeKTpoiau, Oele m3moias3BaHa 10 cpenara Ha 2011 r. Ciex TtoBa B 0s1Xa BbBeIeHU
PEATMCTHIHE CTOMHOCTH Ha BXOJHHUTE MapaMeTPH Ha IIyMa, OIIPeIeJeHH OT aHAIN3 HA KOCMUIHH
ngaunn [11]. Cumynupanust 6poii 1myMHE cpabOTBaHUS 3a KOHKDETEH CTDHUII Ce TeHepupa KaTo
caydaitao uncsio or [loacoHOBO pasmpeesnerne ChC CpPegHa CTORHOCT I/, K'bIETO :

V= Nsztrt (41)

kbaero N[Hz/cm?] e usmepenus 1uiy™M Ha j-THs CHTHaJjIeH eqeKTpo, Sg,.[cm?| e miomra na
@IEKTPOJA, T = Mp,.25NS € IWLAHOTO CUMY/IUPAHO BpeMe 3a eIHO ChOUTHE, a Ny, €a Opod BpeMeBH
HPO30PIH, B KOUTO Ce YeTAT JAHHATE OT eJHO ChLOUTHE.

CuMystmpaHuTe IIIyMHH CUTHAJIU Ce paslpeessT PaBHOMEPHO BbB BPEMEBHUTE IPO30PIH OKOJIO U
B IEHTPAJHUS O'bHY-KPOCHHT.

4.3 Bammaupane na MK mozesna

Bammauparero na MK Moaena Moxke Ja ce pasjenn yCJIOBHO Ha JBe YacTu: Banmmaupane Ha Mojenn-
paHUTe MapaMeTph Upe3 CPAaBHSABAaHE Ha BXOJHHTE (€KCIEePUMEHTAIHO MOJYIeHH TApAMeTPH) U MOJie-
JINpaHUTEe TaKUuBa U BaJHUAUPAHE Ha MK AaHHUTE 4Ype3 CpaBHABaAHETO UM C €KCIICpUMEHTaJIHU JaHHH.

4.4 BajamaupaHe HAa MOJEJUPAHUTE MapaMeTpu

3a neauTe Ha BaJUIANKAATA MOJeUpaHaTa epeKTuBHOCT Ha KoHKpeTeH RPC Momyn e onpeneneHa KaTo
OTHOIIIEHMUETO Ha 6p05{ C'b6I/ITI/IH C IIOHE eaAnH Cpa6OTI/Iﬂ CUT'HaJIeH eJICKTPOJ B OTTOBOPD Ha IIpEeMHHaBa-
HETO Ha CUMYJUPAH MIOOH K'bM II'bJIHUS OPOil CUMYJIMPAHU MIOOHW, TPEMHUHAJIHN MPE3 IYBCTBUTETHUS
obeMm Ha jgerexkTopa. Ha durypa 4.1a e moka3aHo cpaBHEHHE MeXK/Iy BXOJHUTE IapaMeTPH U CHUMY.IHpPa-
nute edexkTuBnocTr 3a Bcuuku RPC Momyau. Ha dpurypa 4.16 e mokaszan npuMep camo 3a KaMepure,
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®urypa 4.1: (a) CpaBHeHre MexkJy BXOJHHUTe mapamMeTpu 3a eheKTHBHOCT HAa KamepuTe (HempeKbC-
nara Jjunus) 1 MK pesyararure (roukn) 3a Bemukn RPC momynm; (6) Tlpumep 3a edexkTuBHOCTTA
HA BCUYKH KaMepH, PA3IMOJIOKEHH B €JIH0 HUBO B IEHTpajHuTe npbcrenu. /Ie or kamepure padorsr
B €eJHOIIpOIENEH PeKUM, KOETO € IIPpUYIHNHaA 3a II0-HUCKaTa eq)eKTI/IBHOCT. KaKTO MOZKe Ja Ce BUAHU OT
durypara MK mozesra onucsa j106pe TO3U CIydaii.

Pa3MoJIOKEeHN Ha, €/THO HUBO HA JeTEeKTOpa. 3a0essI3Bar ce Be KaMepu, paboTelnn B e THOMPOIIENeH pe-
JKIM, KOeTO e TPUYNHA 3a Mo-HrucKaTa edpeKTuBHOCT. KakTo ce Buxkaa Ha durypara MK monenupanero
BB3MPOU3BEXKIa T0Ope TO3W CIydai.

B MK mojsena, curnajure, JUbJzKaliym ce Ha IIyM ce Olpejiesis oT Oposl Ha BCUYKU CPabOTUIN CHI-
HAJTHU €JIEKTPOou Oe3 CUMYJIHUpAHO rnonajenue B yyscrButTeanns obem. Ha dpurypa 4.2a ca nokazanu
pe3y/aTaTuTe OT CPABHEHUETO HA CUMYJIMPAHUA MIYM C BXOJHHUTE €KCIEPUMEHTAJHO ONpejie/ieHu napa-
MeTpH 3a BCUYKHU CUTHAJHHU eJeKTpoau, a Ha durypa 4.206 e moka3aH KOHKDeTeH PUMeED 33 CPeTHUS
ITyM Ha KaMepuTe, PA3MOJ0XKEeH! B €/IHO HUBO Ha JeTEKTOPA.

CpaBHeHue MeXKIy pasnpelefeHusdTa, N3MOI3BAHN KATO BXOIHU MapaMeTpH MPH MOIETUDPAHEeTO Ha
pasmepa Ha kiabcrepure u MK pesysnrarure ca noxkazanu na ¢urypa 4.3a. Ha durypa 4.36 e noka-
3aHO CpPaBHEHUE ME¥K/Iy eKCIIePUMEHTAHO ONpPeIeJeHUTE U CUMY/JIUPAHUTE Pa3MepH HA KJILCTEPUTE 3a
BCHYKH KaMepHu OT MeHTPATHATA YacT Ha MIOOHHATA CUCTEMA.

4.5 Bamuaupane na MK gannure

3a jma ce Basmanpa kopekTHocTTa Ha MK cumynanumsta xato 1o, pekoncrpyupannte MK nannam,
HOJIYYeHH ¢ HOBUTE ITapaMeTPH Ca CpaBHEHHE C €KCIEePUMEHTAJIHU JaHHH. K'bM CUMYJIUpAHUTE H K'bM
eKCIIePUMEHTAJTHUTE JTAHHN € IMPUIOXKeHa e/IHA U ChINA Ipoleaypa Ha IMOA00p Ha MIOOHHHUTE KaH/IWIa-
. 3a HeJuTe Ha BajauupaHero, cpegaus Opoit miwoonnu nomajgenns B RPC mogyaure, onpesesnen B
MK namnunTe € ChbnocTaBeH ¢ MOJYyYECHUTE PE3YJITATH OT €KCIEePUMEHTa/HN JaHHu. bpodr Ha MIOOHHU-
te nonagernss B RPC e konmuecrBena msipka 3a 6pos RPC crannnm, npes KouTo e nmpeMuHaJ I MIOOHA,
KOETO OT CBOd CTpaHa e (pYyHKIHA Ha ICeBIOOBbP3UHATA 7), & CHIIO TaKa 3aBUCH U OT e(PeKTHUBHOCTTA
3a perucrpanus Ha Kamepure. Ha durypa 4.4 e nokazano cpaBHeHne Mexky ekcrnepuMmeHTasnn 1 MK
JIAHHU 3a cpefuus Opoil pekoHcTpyupanu nonaaenus B RPC moxynmuTe mo abaKuHaTa HA TPAEKTOPH-
uTe Ha MIOOHUTE KarTo (DyHKIMSA HA 7) U a3UMyTajHusd bI'bJ ¢. Pa3upejejiennero mo Te3um CTOWHOCTH
orpassiBa reoMmerpuaHara edektuBHocT Ha cucremara or RPC. Kakro ce Bmxkmga or ¢urypara, MK
MOJIeJIa OIKMCBA JI00Ope CUCTEeMAaTa.
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Qurypa 4.2: CpaBHeHHe MeKy eKCHePHMEHTAJIHO OLpejieseHl (HeIPeKbCHATA JIMHUA) BXOJHU CTOIi-
noctn Ha mryma u MK pesyararure (touxm); (a) Pasnpenenenue na crofinocrure na nryma B Hz/cm?
3a BCHYKH CHTHAIHE eseKTpon; (6) CpaBHenme MeKay eKCIEPHMEHTAJIHO OHPEeIeJeHUTEe (HEIPEKbC-
HATA JIMHUSA) CPeJHU cToiHOCTH Ha mryma B Hz/cm? 3a Bemakn RPC Momysa oT TpeTo HEBO B €IUH OT
nenTpanuTe npberenn n MK pesyararure (Toukn).
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Qurypa 4.3: Pazamep Ha Kiabcrepute. C JIUHUK ca MOKA3aHU €KCIEPUMEHTAJHO ONpeaeIeHUuTe pasipe-
JeJienus, a ¢ reomerpudan Gurypu ca orbesasann MK pesysnrarure. (a) CpaBHeHEe MeKly BXOIHHTE
nmapamerpu u MK pesynararure 3a pazamduute JeHTH OT curHagHUS enekTpos; (6) Pasnpenerenne ua
pa3sMepa Ha KJIbCTEPUTE 33 BCHYKNA KaMepH OT IeHTPaJJIHATa JacT.
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Durypa 4.4: (a) Cpesen 6poit nonajgenus 8 RPC Mojysure 110 AbJzKHHATA HA TPACKTOPUUTE HA MIO-
onnTe Karo (hyHKIusa 0T neeBpoObp3MHATA 1) 38 MIOOHH ¢ pr > 20 GeV /¢, ponenn or pasnagane Ha Z
6o30H; (6) Cpemen 6poit monagerns B RPC MoaynnTe no abjrKnHATA HA TPAEKTOPHUTE HAa MIOOHUTE
KaTo QYHKIUSA OT a3UMYTATHASA bI'bJ ¢ 3a MiooHH ¢ pr > 20 GeV /¢, pojiern ot pasnajiane Ha Z G030H.
Ha durypara ekcnepuMeHTaJHUTE JAHHH ca MMOKa3aHu ¢ Touku, a MK pesyararure ¢ HempekbcHaTa

JIMHUA.
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I'1aBa 5

Nnentudnkaimsa Ha MIOOHHUTE KaHINJIATHI

5.1 DBwmaoBe MIOOHHU TPEKOBe.

leomerpusra Ha CMS e 0T M3KIIOYUTETHO BayKHO 3HAYEHWE MPH PEKOHCTPYKIUSTA HA MIOOHU-
Te. YeTupuTe MIOOHHM CTAHIMK M IIPUCHCTBHETO HA CUJIHO MArHUTHO II0JI€ MO3BOJISABAT U3MepBaHe Ha
UMIIYJICUTE Ha MIOOHHTE, HE3aBHCHMO OT U3MEDPBAHHSATA, HAIPABEHH B IEHTPAJIHUSA TPEKOB JETEKTOP.
MiooHHUTE KaHIMJIATH, PEKOHCTPYUPAHU €JIMHCTBEHO Ha 0Oa3aTa Ha MOMaJeHUs B MIOOHHATA CHCTEMA
ce HApHYaT CAMOCTOSITeJIHH MIOOHH. Beska cirena, pexkoHcrpyupana B Tpekepa ¢ pr > 0.5 GeV/c u
rojieMuHa Ha ummysaca p > 2.5 GeV/c ce pasniexaa KaTo MOTEHITMAJEH MIOOHEH KaHIUIAT H Ce eK-
CTpAIIOINpa 0 MIOOHHATA crucTema. AKo Obje OTKPUTO TOHE €HO CHBIAJEHNE C TPEKOB CETMEHT B
MIOOHHHTE KaMepH, Pa3ryIeKJIaHus TPEK ce KBAJUMUINPa KaTo TPeKepeH MIOOH. 3a HUCKOCHepreThd-
HU MIOOHHM Haii-IoOpaTa pas3ie/MTe/Ha CIOCOOHOCT e Ta3h, IMOCTHIHATa B Tpekepa. Ho 3a Mmioonu c
umiysicn Ha 200 GeV /¢ u ocobeno 3a ummysicu, or nopsiiibka Ha TeV /¢, paszaenurennara cuocobHOCT
HA EHTPAJHUS TPEKOB JIETEKTOD € OTPDAHWYEHa OT HErOBHs PAanyC W ObpP30 HAMAJSBA C yBeJTHMIa-
BAHETO HA MMITyJCa Ha dacTunute. 3a MiooHu ¢ mvmyacu Hag 200 GeV/c waii-nobpa pasiennTenHa
CIOCODHOCT ce MOCTUra IpH KOMOMHHpaHe Ha HHAOPMAIHMATA OT MIOOHHATA CHCTEMa W Tpekepa. 3a
BCEKH CAMOCTOsITe/IeH TPeK, PEKOHCTPYUPAH B MIOOHHATA CHCTEMa €€ THPCU ChbBIAJCHHE B TpeKepa.
PekoHcTpyupanure 10 1031 HAYMH MIOOHHM KAaH/IMJIATH ce Hapuyar riobajinu Mioouu [6, 8.

5.2 Waentndukanud Ha MIOOHHATE W I'bPBOHAdYaJIeH IOJA00p HAa
chOnTHSA

B zaBucumocT oT HYXK/UTe Ha OTJEJHUTE aHAIN3H K'bM PEKOHCTPYHPAHUTE MIOOHHU KaHIUIATH
ce IpujaraT JIOIbIHUTETHA KPUTEPUH 34 IOJI00DP, KOUTO 0OPMAT HAKOJIKO PA3JUYHHA TUIIA MIOOHHA
ceJIeKIus M UICHTUDHUKAIUA. 3a [eJUTe Ha aHAJIu3a, IPEeJCTaBeH B Ta3U JIUCEPTAIlds, € M3II0/I3BaHa
TaKa HapedeHaTa TBbPJa CeNeKInsd, KOITO BKIIYBA CJEHUTE YCIOBUS:

e [lonbpanu camo Te3u cHLOUTHUS, B KOUTO UMa IIOHE €JIMH PEKOHCTPYUPAH BPbX HA I'bPBUYHU B3aU-
mogiedicTust (PV - primary vertex), Karo ce W3MCKBa HAJTMIKETO HA TIOHE 4 CJIeJIN BbB BHTPENTHUS
TPEKOB JIETEKTOP, aCOIMUPAHU C TO3U BPpbX. BbpxXbT TpdaOBa Jla € PEKOHCTPYUPAH B PAMKUTE Ha
"] < 2 ecm m |z| < 24cm, KbAETO T W Z €A PA3CTOAHHETO B pABHUHATA (T,y) U CHOTBETHO
Pa3CTOAHUECTO 1O 2 MEXKJAY PEKOHCTPpYHUPpaHUd BPHBX U HOMHUHAJIHATA TOYKa Ha BBaI/IMO,ZLeIL/‘ICTBI/Ie.
Hanaranero na ToBa ycjaoBue peaynupa 10 rojasMa cTeleH NIPHHOCHT 0T KOCMUYHU MIOOHH, KOUTO
MoraT aa O0bIaT MOrpenHo uaeHTuUINPAHd KaTo MIOOHHA ABOHKA. 3a /1a ce u3dberHar chbOuTHs,
KOHTO Ca CJaeJAcTBue Ha (POHA, C'b3AABaH OT CHOIOBETE, OT JaHHUTE Ce N30UPAT CaMO T€3H, B KOUTO
noBede o1 1/4 o1 cennTe, pEKOHCTPYHUPAHU B TPEKepa Ca ¢ BHCOKA CTEIeH Ha KadeCTBO;

e Hanpeunusar npunenen napamerbp dxy Ha cjegara, pEKOHCTPYHPAHA B TPEKepa W OIpeJiesieH 110
OTHOTIIEHHEe Ha Pa3T/IeKIaHus MhPBUYEH BPbBX, TPAOBa Jla N3MbIHsIBa yeaosrero |dxy| < 0.2 em.
3a ganauTte oT 2012 1. ¢ meJ peaynHpane HA MPUHOCA OT HACIOXKEHH chOUTHs Oellle BbBEJICHO U
JOMBIHATETHO W3UCKBAHE KbM HAJTHKHUS TpHUIeaeH mapamersbp |dz| < 0.5 cm;
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® HpI/I HU30JIMpaHe Ha MIOOHHUTE C€ M3II0JI3BaT CaMO PE3yJTaTUuTe OT OTHOCHTE/IHaTa M30JIallid BHB

BBTPEIIHUST TPEKOB JIETEKTOD, T.€. CyMaTa OT HALUPEYHUTE UMILYJICH Y, Pr; Ha BCHYKU CJIEJIH,
i
PEKOHCTPYHPaHU OKOJIO KaHauaaTa B KoHyc ¢ AR < 0.3 (6e3 uMirysica Ha H30JHPAHNST KAHINIAT)

ZpTi
G <01 (5.1)
pr
K'bJIETO Pr € HAIPEYHUAT UMILYJIC HA PA3IJIeXKJaHUs MIOOH;

Jda OTTrOoBapd Ha YCJIOBHUETO!:

e ll3uckBaT MUHUMYM 9 TOCIeI0BaTETHN TTONAJeHUsT B HUBATA HA CUJIUINEBUS CTPUIIOB JIETEKTOP,
ydacTBally B 1yi00a/iHus (DUT HA MIOOHHATA CJIE/IA;

e [100a/IHO peKOHCTpYyUpaHaTa MIOOHHA CJeJia TpaOBa Ja ¢bIbpzKa IOHE eIHA TOYKA, ChOTBETCT-
BaIlla Ha TOMajieHue B CUJIUINEBUS MHUKCEIOB JIETEKTOP W MOHE eJHa TOYKAa, ChOTBETCTBAIA HA
omnaJieHre B MIOOHEH JIETEKTOD;

® PGKOHCprI/IpaHaTa cJieJa BbB BbTPpEHIHNA TPEKOB JETECKTOP Ja CbOTBETCTBa Ha MIOOHHHU CerMeH-
TH B IIOHE AB€ MIOOHHH CTaHIHWU.
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I'1aBa 6

Tobpcene Ha TexKK1 HEyTpaJHI O030HUI

6.1 Texxku pe3oHaHCU, pa3na/allld ce HA JBA MIOOHA

B Tazm gucepramus ca mpejcTaBeHH Pe3yJTaTHTE OT ThPCEHETO HA YKA3aHUs 33 ChINECTBYBAHETO HA
JACTHUIN, IPEICKA3AHN OT HAKOJIKO PA3IudHu Mojesa: T'bpcene HA Zgg), OT Y/ b/IzKeHHs CTaHIAPTEH
mozen (Sequential standart model - SSM) [30], Tbpcene wa Z, or Teopusita Ha Besmkoro Obennnenne
(Grand Unified Theory - GUT) [31] u rbpcene na Kanyna-Knaiin Bb306yxKnanus na rpasutona G
ot mozenure Ha Pangan-Cynapym (Randall-Sundrun - RS) (32, 33].

3a 1menTa ca M3MOI3BAHM JIAHHH OT MPOTOH-IPOTOHHU B3aUMOAEHCTBUS MPHU €HePrusi B MEHTHP Ha
macute /s = 8 TeV, choTsercrBany Ha uHTerpasna ceernmoct ot 4.140.2 fb~L. Pesyararure ca xom-
OMHUPAHHU C PEe3YJITATUTE OT AHAJIU3A HA JAHHHU OT PP B3ammojeiictsus npu /s = 7 TeV u uarerpasina
cserumoct ot 5 fh~1 [36].

B gonbanenne kbM Te3M JiBa aHAN3a € MPOBEJIEHO T'hbPCEHE HA HOBA BEKTOPHA YacTUId L, mpe-
HOCHTEJl Ha TeH30pHu B3aumoseiicTeus [34, 35]. Tosu anamus e nposejen na 6asara na 20.65 b~ pp
B3anmoselicTeus, mabpann ot gerekropa CMS npes 2012 r. npu eneprus /s = 8 TeV.

Bb3MoxkHa TposiBa HA CHIMECTBYBAHETO HA TEXKKW BEKTOPHW YacTUIU Ou OHIIO HADJIIO/IaBaHETO HA
TECHU PE30HAHCHU ChCTOSIHUS, PA3MaJAIU ce 710 aBoiika Jenronu [29]. Tlpu oTcheTBrHe Ha KAK'BBTO U
A2 6u10 pesonanc, upu Macu nag M, > 120 GeV/c? ocnosrust upunoc uasa or Jpea-fu nponecu
[26, 27| u pasnpejenennero 6u TpAGBATIO A € TIAJKO U /4 HAMAIABA eKCIOHEHIIHATHO ¢ HADACTBAHE
Ha MacaTa Ha JBoiikara miooHw. [IposiBaTa Ha €BEHTYAJTHUTE PE30OHAHCH CE€ OYAKBA KATO H3JIHUITHK
oT c¢bOUTHA HaJ ocHOBHHSA (GoH. EcrecTBeHaTa mupHHA Ha Pa3maji ce NOJUNHABA Ha pa3Mpe/leseHue
Ha bpaiit-Burnep, mokaro pazaennTesHaTa CIOCOOHOCT Ha JieTeKTopa - Ha ['aycoBo pasmpeiesenue.
Pe3onancure ce pasrieX)aaT KaTo TECHH aKO €KCIIEPUMEHTATHO ONpejesieHaTa MUPUHA Ha Pe30HAHCA
e JIOMMHUPAHa OT Pa3/IeJINTETHATA CIIOCOOHOCT HA JIETEKTOPA.

Kpaiiauar pesyarar, KOWTO ce ThPCH € OTHOIIEHNETO Ha CEYEHUeTO 33 Payk/IaHe Ha 4, yMHOKEHO 110
OTHOCHTeJIHATA BEPOATHOCT 3a paslla] Ha JBa MIOOHA, K'bM CedeHHeTo 3a pazkiaHe Ha Z° !, yMHOXKeHO
10 ChOTBETHATA OTHOCHUTETHA BEPOSATHOCT, T.€.:

o(Z")x BR(Z' — utu~) (2% N(Z)

Ro = o(Z9) x BR(Z0 = ) e(Z) * N(2) (6.1)

kbaero N(Z') u N(Z°) ca 6pos Z' u Z° cuburus, a €(Z') u €(Z°) ca chorBerno mbianaTa eeKTHBHOCT
3a perucTpupane u peKoHCTpyKiyd Ha Z' u Z°, a ¢ BR ca o3HaueHn cbOTBeTHH ITapIUaJIHl BepOATHOCTH
3a pa3mnaji Mo KOHKPeTHUs KaHaJ.

CucremarnaauTe e(peKTH, KOUTO BAUSISIT HA PE3Y/ATATA BKJAIOYBAT Pa3/Ie/JUTeTHATA CIIOCOOHOCT Ha
JIETEKTOpA 0 MMIIYJIC Ha MIOOHWTE, & ChIIO U Pa3JejuTe/IHATa CHOCODHOCT 1O WHBAPUAHTHA MAaca,
pPa3/IMKUTE B reOMeTPUYIHATA e(DEKTUBHOCT, TPUICPUPAHETO U PEKOHCTPYKIUATA MKy JIBOUKHTE MIO-
onu. ToBa ca eekTH, KOUTO B MAJIKa WU IIO-TOJISIMA CTEIEH 3aBUCAT OT MacaTa Ha JIBOMKaTa MIOOHH.
TaxuoTo BausgHue e n3caeapano uype3 MK anaans win upe3 eKclepuMeHTaIHO Da3upaHd METOIH.

!Bneemenoro Tyk ozmadenme Z° chorsercTsa Ha 6030ma Z ot CM.
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HopmanusupaneTo Ha pe3yaTaTuTe, TOJIYUIeHH TTPU BUCOKHATE MacH, KbJAETO ce ThPCH MOTeHInaIeH
7' Kanauaar, KbM Pe3yJTaTUTe, IOAYyYeHd B MACOBUA AMALA30H, ChOTBETCTBAL HA ZO, JOIpHUHACA 38
KOMIIEHCHPAHETO Ha HIKOW CKPUTH WU TPY/IHO ONEHUMHU CUCTEMATHYHH ePeKTH, KaTo HarrpuMep edex-
TH, JIbJIKAIINK Cce Ha paboTaTta Ha JeTeKTOPHATa eJeKTPOHMKA, Ha CHCTeMaTa 33 ChOMpaHe Ha JaHHU,
JeTaitnn, cBbp3aHu ¢ paborara Ha Tpurepure u jap. [lo To3m HAUMH BIAMSHHETO HA CHCTEMATUIHH-
Te edeKTH, JTbJKAIIKA Ce Ha NeOMeTpUIHATA U TpUrepHata e(peKTUBHOCT, KAKTO U e(deKTHBHOCTTA 34
o aitH PeKOHCTPYKIUS €A CBEJIEHH €JIMHCTBEHO [0 TIXHATA 3aBUCUMOCT OT WHBapHaHTHATA Maca Ha
JBOUKHUTE MIOOHH.

6.2 Iloxbop Ha cHLOMTHSA

B nacrosius anajius ca u3no/3Banu camo cbontus, upemunaJju npe3 HUT rpurep na e juHununu MIOOHH!
¢ mpar no Hampeden uMmmyiac ot pr > 40 GeV/c. Ba na ce 3amasu 6posi Ha TpUTepHHUTE CHOUTHS B
JIOMYCTUMUTE HUBA, € HAJOKEHO JOMbJIHUTE/THO YCAOBUE, KOETO OTPDAHMYABA, T€OMETPUIHUSA PANOH 10
In| < 2.1. MroonHust Kauaugar TpsioBa aa Objie PEKOHCTPYHPAH KATO TJI00ATEeH H KATO TPEKePEeH MIOOH
U 3a JIa TOIIaJIHE B IJIATOTO HA TPUTrepHaTa e(peKTUBHOCT TON TpAOBa 13 UMa HAIpedeH UMILYJIC pr > 45
GeV /c. Ba cbbuTHs, B KOUTO JBOMKATA MIOOHU U3I'bJIHABA TOPHUTE YCJIOBUsI, TPUrepHaTa e(heKTHBHOCT
e 0koJ10 97% 3a 1enus CHeKThP OT PEKOHCTPYUPAHHU JABYMIOOHHN WHBapuaHTHH Macu |37|. Tpurepuara
edeKTHBHOCT 3a chOuTHs, perucrpupanu npes 2012 roguna e ¢ oxkono 1% no-mmcka or Tasu mpes
2011 rosuHa, KOETO Ce JIbJ2KH OCHOBHO Ha HAKOW IIPOMEHW B aJTOPUTbMA, OIpeIesisil UMIYJIca Ha
MioonuTe B cucteMara oT CSC, a c'bIIo Taka U OT BbBEXKJAHETO HA JOIbJIHUTE/IHE KPUTEPUU, OTHOCHO
KavueCcTBOTO Ha CJIEIUTE BbB BHTPEITHUS TPEKOB IETEKTOD;

KoM aBoiikure MIOOHE € HAJIOXKEHO M3UCKBAHETO IIOHE €IMHUAT OT MIOOHHTE ma cbhbBmama ¢ HLT
00eKT, T.e. /la ChBIAA C MIOOH, 33/efiCTBAJ TpUrepa OT BUCOKO HUBO. CbBIAIEHNETO MEKIY PEKOHC-
tpyupanug 1 HLT mioon ce Tbpeu B pamkutre Ha konye AR = 1/(A¢)?2 + (An)? < 0.2, kbaero A¢ u
An ca pa3IUKUTe B U3MEPEHUTE bIJIM U IICeBIOOBP3UHI HA PEKOHCTPYUPAHUS KAHIWIAT U TPUTePHUS
06ekT. ToBa M3UCKBaHe HAJIAra JOIbJIHATETHOTO OPPAHINYEHUE TIOHEe €JJUH OT MIOOHHUTE KaHIUIATH (0T
JBOIKaTa MIOOHH) Jia MMa IceBaoobp3uHa |n| < 2.1, 1oKaTo 3a aApyrus ce u3uCKBa ja ObJe B reoMer-
PHYHOTO TOKPHUTHE Ha MIOOHHaTa cucrema — |1| < 2.4. CBbpP3aHOTO ¢ TOBa OIpaHUYEHUE, HAMAJSBAHEe
Ha reoMerpruHaTa e(EKTHBHOCT 32 PEKOHCTPyHpaHe Ha JIBOWKM MIOOHW e TmOo-MaJako or 1%.

WsuckBa ce aBaTa MIOOHA Jla ©UMAT IIPOTUBOIIOIOXKEH €JIEKTPUIECKH 3apsi. JIByMIOOHHUTE CHLOUTHA
C eJHAKBB 3apsJi Ha JIBaTa MIOOHA ce IMa3sgT KAaTO KOHTPOJIHA M3BaJIKa, ¢ KosATO ce Bagumaupar MK
pesyaTaruTe, OIpPee sy MPUHOCA HA Pa3/judHu 3apsgoBo cumerpudnu (ounosu mponecu or CM,
KaTo Hampumep npunoca ot asybozonnu (WZ, Z7Z) crourus.

B cbbutnsTa, B KOUTO mMa moBede OT €IHA JBOITKA MIOOHH, V/IOBJIETBODSIBAINA KPUTEPHUHTE 32
moa06op, ce u3dbupa ABOHKATa C Hal-roJsiMa MHBaApHAHTHA MAaca.

3a peaynupane Ha edekTa 0T KOMOMHATOPHU MJIM HACJIOXKEHH CHLOUTHA Ce M3UCKBA TPEKOBETE Ha
JIBaTa MIOOHHHU KaHauaaTa Ja hopMHUPAT OOII BpbX. 3a PEKOHCTPYUpaHe U ONpeaeIsdHe Ha KaueCTBOTO
Ha OOIHs BPBX, aJrOpUTbMbT n3nonssa Kaavanos Guirrsp [21], Karo 0T peKOHCTpyHpaHHTE ABOHKH
ce u3bupar caMo Tesu, 3a kouro x> /ndof, onpesesen or burupanero Ha Bbpxa e no-mMaabk or 10. Ipu
OIIpe/Ie/ITHETO HAa MHBAPHAHTHA Maca Ha JIBOMKATa MIOOHHU, aJrOPUTBHMBT IPEU3YUC/IABa UMIIYJICA Ha
MIOOHHTE, KaTO B3UMAa, 110l BHUMAHHE TOYKATA HA OOIIHS UM BPbX.

3a peaynupane Ha KOCMHUIHESA (DOH ce HAJTAra JOMbIHUTEIHOTO U3UCKBAHE, BI'bJIBT CKIIOUEH MEXK-
JIy UMITYJICUTE Ha JiBaTa MIOOHA ja Obie no-maabk or m — 0.02 rad.

[Ipu Tbpcenero Ha Go3ouuTe 7' 1 G )¢ € TPUIOKEH eIHAKBB MOAO0P HA JABYMIOOHHUTE CHOUTHS
U €JHAKBH KpHUTEepHH 3a IOAOOp Ha MIOOHHTe. B aHa/JIM3bT, CBbp3aH C ThpCeHETO Ha 0030HA £*, e
HPUJIOKEH JOIbJIHUTEICH KPUTEPUil 3a ceJIeKIMs Ha JBOUKHTE MIOOHH, DasupaH Ha XapaKTEepPHUTE
'BIJIOBH PA3lpe/ie/IeHHsT Ha bI'bJa Ha pa3jiiTaHe HA MIOOHHTE, OlpeleseH B cHCTeMaTa Ha IOKOi Ha
6o3ona. B cucremara Ha 1mokoit Ha 0030HA Pa3IpPEIE/ICHHSATA O KOCHHYCA OT 'bI'bJa HA PA3JIATAHE
uMar Buja, mokasan Ha ¢urypa 6.1 (TTonyuennre pesynrarn ca or anamu3 va MK nanun). Ha dburypa
6.1a e nokasan cayvas 3a Ipen-$Tn ¢bOutns ¢ mHBapuaHTHA Maca Ha aBara Moona M, > 200 GeV /c?,
a Ha urypa 6.16 3a cpbutug ¢ Z* ¢ maca My- = 425 GeV /2.
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ignal MC Z*

DYMass200] DY Mass 200 signal MC
Entries 53541 E

400 Mean 0.1101 F signal MC Z*
RMS 0.5227 600~ Entries 58372

350 Underflow [ E Mean  -0.0002044
Overflow [} 500 RMS 0.7061

300 Infegral  5.3540+04 o

250 400 ’

£ Integral  5.837e+04

0

“cos Tﬁeta_CS

(0)

@urypa 6.1: Pasupenenenne 1o cos oT ‘bI'bja Ha M3/JUTaHe Ha MIOOHHTE, ONpEIC/IeH B CUCTeMaTa Ha
OKO# Ha GO30HA, ONPEIEEHA TI0 OTHOINEHWE HA HAJUTAIINS NapToH. (a) 3a MoooHH, pogenu B JIpes-
du evburuga ¢ M, > 200 GeV/c% (6) 3a MIOOHH, pojieHH OT pasmaganus Ha Z* ¢ Maca My. = 425
GeV/c?. PasupesesienudaTa ca Ioaydenu oT anaans na MK nanmm.

nTepec npejicTaBIdBaT 1 paslpe/ie/eHidaTa Ha BeJuunHaTa sin?0*, KouTo ca MoKa3aHn Ha pUrypa
6.2. Anammsbr Ha MK manHm mokas3Ba, Ue IpH IpHJaraHe Ha JOMbAHUTENeH (DUIATHP, MPOIYCKAILL
eIMHCTBEHO CHLOUTHH, KbieTo sin’f* < 0.9, ¢ponabr or pea—5Iu chournsa Moxke J1a Obje peayIupaH ¢
okos10 34%, nokaro u3ryoenure Z* cnburns ca easa okosao 4% or mbpBOHAYAIHUS UM OPOii.

Toit KaTo BIBIBT #* € HPSIKO CBbP3aH ¢ ICeBA0ObP3WHATA 7), MO-HHTYUTUBHO € Ja Ce HM3MO0JI3Ba
pasznpejesrernero mo An = n(p~) — n(pt), nokazano Ha durypa 6.3. IIpuraranero Ha GUITHP, TPo-
IyCKAII[ eIMHCTBEHO CHOUTHsS, npu KouTto |n| > 0.8 mma cbimus edeKT KaTo MpUIaraHeTo Ha Guirbp
1o sin? 0* < 0.9 (dpurypa 6.4).

DY Mass 200 signal MC Z* .
9 signal MC Z*
P [ DY Mass 200 F Entries 58972
E  |Enties 53541 800 Mean 05014
5000(—  [Mean 07146 E RMS 02433
[ |[rvs 0255 700 Underiow 0
[ |underfiow 0 sooF- Overllaw °
4000[— | overflow 0 E Integral  5.837e+04
C Integral  5.354e+04 500;
3000~ E
E 400~
2000— 300~
E 200(—
1000— £
C 100—
ok rwll AR R RN FRRTE PRRTE FEETE FEET FETTS P Flen Lo oo oo b Lo Lo Lo Lo L
01 02 03 04 05 06 07 08 09 % of 02 03 04 04 0.7

“sin 2Theta_CS “sin 2Theta_CS
(a) (6)

®urypa 6.2: Paznpesenenne 1o sin® oT br'bjla HA U3JUTAHE Ha MIOOHHTE, ONpeJeIeH B CHCTEMATa Ha
1noKoit Ha 6030Ha, OlLpese/ieHa M0 OTHONIeHue Ha HauTanlus naprod. (a) 3a Mioonu, pojenu B JIpes-5In
cvburus ¢ M, > 200 GeV/c?; (6) 3a MooHH, poseHn oT pasuaganusa Ha Z* ¢ maca 425 GeV/c?.

JlombaHUTEIEH KPUTEPHUI 3a CeJeKIns MOXKe 1a Oble bI'bIbT, KOHTO CKIYBAT JBATa MIOOHA B
paBanHara (z,y). B Tabaumna 6.1 e mokaszana edeKTHBHOCTTA MPW NpPUJIATaHe HA BIJIOBATE KPUTEPUH
3a nonbop sin’ 0* u A¢, onpeesenu ¢ anaiu3 Ha MK nannu 3a nocodenure tpu mporeca. B mocsrenna-
Ta KOJIOHA Ha TabJIHIaTa e MoKa3aHa KoMOMHMpaHaTa edeKTUBHOCT Ha JBATa KPUTEPUs 3a CeJeKIus.
KakTo moxke 7a ce 3a0e1eKu OT MPEACTABEHUTE PE3yJITaTH, KOMOMHUPAHETO HA /BATa KPUTEPUS pe-
aynupa 6pos tt ¢cwoutusg 1o 13% or mbpeonavasnusa um 6poii, cuoutuara or dpen-Adn 1o 49.5% ot
IrbpBOHAYAMHEA UM Opoit m 3amassa 77% or curnaiaunre Z* ¢nouTHs.
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DY200 deltaEtaGen

DY200 deltaEtaGen

1400 T r— -~ Entries 92995
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1200 RMS 1,968 800| RMS 2645
Underflow ] Underflow [

1000 overto o i Overtiow s
Integral  1.088e+05 Integral  6.208e+04

(ALY R AL LR R LR LR R

TN B B

[] 2 a 6

(0)

®urypa 6.3: Pasupenenenne no pazmukure An = n(p~) — n(pt). (a) 3a mioonu, pogenu B pes-su
cvourus ¢ M, > 200 GeV /c?; (6) 3a MIOOHH, pOoJieHH OT pasnajanus Ha Z* ¢ maca 425 GeV /2.
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®urypa 6.4: Bpbska mexty Besmanaure An u sin? 6%

6.3 OO0ma edeKTUBHOCT 3a PEKOHCTPYKINSA M MACHTU(DUKAIIS
Ha MIOOHUTE

Ha ¢durypa 6.5 e nokazana obdmara edeKTHBHOCT 3a PEKOHCTPYKINSA U HIACHTHMUKAINS HA JTBONKHU-
T€ MIOOHU KaTO Cl)yHKI_[I/IH Ha TAXHaTa MHBapUaHTHa MacCa, 34 C'I>6I/ITI/IHTa7 nonajaln B reoMerpud-
HUs paifioH Ha MIOOHHATA CHCTEMa, KaKTO M 00Imara eeKTUBHOCT 33 TpUTrepUpaHe, PEKOHCTPYKIHUSA H
HIeHTUDUKATINSA 38 BCHYKE CbOUTHs (B U U3BbH MEOMETPUYHOTO MOKPUTHE HA MIOOHHATA CHCTEMA).
Pesynrarure, nokazanu na cpurypara ca noiaydenu or anaaun3 na MK pannu ¢ Hpen—dn cnburus.

3a ABOfiKM MIOOHH ¢ Maca my,, > 600 GeV/ c? obmara epeKTUBHOCT 32 Bb3CTAHOBABAHE Ha CHLOUTH-
ATa e mo-rojasMa ot 65%, a 3a asoiiku ¢ my,, > 1 TeV/c? 14 e no-ronsva or 70%. Kpusara na obmara

IIponec sin?0* < 0.9 | Ag = |7 £0.25 | sin? *&A¢
Hpen-$In M, > 200 GeV/c? | 66.24% 5% 49.5%
tt 64.74% 20% 13%
A 96.2% 80% 7%

Ta6smna 6.1: EdextusrocT Ha KputepunTe 32 cejeximst sin 0* u A¢, onpenenenn 3a choutust or CM
1 33 CHOUTHS ¢ TEH30PHU B3aMMOIEHCTBI.
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Qurypa 6.5: Ob6ma edpeKTUBHOCT 33 PEKOHCTPYKIHS U IOA00P Ha ABOHKKM MIOOHH KaTo (DYHKIIHS HA
TAXHATA MHBAPUAHTHA Maca, 3a cbourudra, npemuna/u tupeg HLT u L1 Tpurepu u nonajaimm B reo-
MeTPHYHHUsI DafioH Ha MIOOHHATA CHCTeMa (YepBeHH KPbhroBe); M0 OTHOIIEHHEe Ha ChOUTHATA, TTOMAIATIH
B TeOMETPUIHNUS PaiioH (3eJeHn KBaJpaTH ); ooima ebeKTHBHOCT (TPUTepHA, TeOMEeTPUYHA, PEKOHCTPYK-
Usl U MOJ00D) 338 BCHYKU CbOUTHs (CHHU TpUbIbiHUIN), oupeenena or MK gannu. Cbe cuHsl Hemn-
peK'bCHATA JIMHKS € MMOKa3aH (puTa Ha KpuaTa Ha o0maTa epeKTUBHOCT 3a ABOIKN MIOOHU B MACOBUS
urrepsai or 200 g0 2000 GeV /c?.

edpeKTUBHOCT € puTHpana ¢ PyHIUATA:

b

f(m):a—i‘m

(6.2)

Obmara edpeKTUBHOCT 3a Bb3CTAHOBABaHe Ha CHLOUTHA, ONpeaeneHa 3a JaHHUTe, HAOUpaHU Tpe3
2011 r. e no-Bucoka ¢ okoso 10%. OcuoBHa npuduna 3a TOoBa € BbBEAeHOTO 1pe3 2012 1 mo-CTPUKTHO
yCI0BHe 3a ToHe 9 ,,yIapeHn” HUBA B CIJINIIEBHA CTPHUIOB JeTEKTOpP.

6.4 Amnam3 Ha douoBuTE nponecu or CM

B KonkperHus anajan3, yKa3aHHATa 3a CbIIECTBYBaHe HA €BEHTYAJHH TEKKH PE30HAHCH ce Oasupa Ha
T'bPCEHETO HAa KOHKPETHU KOH(MUIYPALUKM HA KPAHUTE HPOJIYKTU OT TAXHOTO pa3lia/laHe, a UMEHHO
JIBa MIOOHA, C IIPOTUBOMOJIOXKeH 3apsa. Peanmna mponecn or CM nmar cbhimara curaarypa. OcBeH ToBa
C'BIECTBYBAT W IPOIECH, TIPU KOUTO KPaiHUsT HAOOP OT JIbIMEPHH YaCTHUIA BKJIIOYBA IBOWKN MIOOHU C
IPOTUBOIIOJIOXKEH 3HAK. BbB ¢ona, cb3maBan ot mponecute or CM, nomunupai npunoc umat pes-HAu
CBHOUTHSATA, B KOUTO Ce PaxkKJaaT apa MiooHa. CiieaBalius 10 3HAYUMOCT (pOHOB HPOIEC ca ChOUTHITA C
paknane Ha npoiiku tt. Ha mpakTuka ponenuTe ¢t KBADKH Ce pa3naJaT BeJHara n CJIeJIATe Ha JeITOHUTE

’IIpu ananusa Ha mapau, Habupanu npes 2011 r. ce W3NCKBaXa MOHE D IOHNAJeHHd B HABATA HA CHIUIUCBHS CTPHUIIOB
netektop. B magamoro na 2012 r., MioOHHATa TPyTNa BbBEJE HOBO MO-CTPOTO M3WCKBAHE 33 MOHE 9 TaKMWBA TOTAIEHUS.
IIpwuwnara e, 9e MpeMUHABAHETO HA BUCOKOEHEPTETUYIEH MIOOH NMPEIN3BUKABA MOPOWHY €hEKTH B CUIUIIUEBUS JTETEKTOP.
PeanmzupannTte BcaeacTBUE HA TOBA MOMAIEHUS TTOHIKOTA BOAAT JO TMOTPENTHO PEKOHCTPYHUPaHe HA MIOOHHW KAaHIUIATH
WM 10 TIOTPEIIHO OIpeesIsHe Ha UMITYTICA.
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MoOTaT Ja ObIaT MpOoCJemeHn 10 BbpXa Ha IMbPBHIHOTO B3amMmojeiicTue. [lo Tasy mpuymHa e TpyIHO
JIa, Ce OLEHM KAKbB € MPOLEHTa Ha JBOMKUTE MIOOHHM, POJAEHH OT PA3MaJuTe Ha ¢ KBAPKHUTE CIIPIAMO
ocuoBaust pen-fu ¢our. CbmiecTByBaT U APYru MPOIECH, IPH KOUTO CJAEIUTE HA JBA JENTOHA MOTaT
J1a O'bjIaT TMPOCJIEIeHN K'bM €JINH U ChIIL BPhX HA B3aUMOEHCTBIe (TaKa HapedeHuTe ObP3U ﬂeHTOHH).
TakuBa 1IPOIECH Ca PaXKIAHETO HA eIUHUYHHA ¢ (WM () KBAPK C'bC WK 0€3 ACOIMUPAHO PazKJIaHEe Ha
W 6030H. 3HauuM € IPUHOCHT U Ha JByOo30HHM chouTud - WW, WZ, ZZ.

6.5 Pesyararu

6.5.1 Texkm BekTOpHU 0030HU M Kasmyma-Kaaiin Bb30yk1annga Ha TpaBU-
TOHA - TPAHUIIM HAa U3KJIOYBaHe

Ha durypu 6.6a u 6.7a ca nokaszanu MacoBUTE pa3lpee/eHns Ha JBOMKNTE MIOOHU, ITPEMUHAJIN BCHUYKHU
KpHTepUH 3a 10a60p. PasmpemenennsaTa ca moaydenn or anaans #a 5.3 fb~! pp mannu, cnbpann mpes
2011 r. m 4.1 fb~! pp nanum, cuépann mpesz 2012 1. Onenkara 3a npuroca Ha dona or CM e nmoxyden
or MK namnu. OTHOCHUTEJTHUTE IIPHUHOCH Ha pa3JudHuTe (poHOBH KomioHeHTH oT CM ca HOpMHUpaHH
chOOPA3HO TEOPETUIHO OLPE/ICIEHH CEUCHHS 3a TE3U IPOIECH. 3a II'bTHOTA HA U3JIOKEHHETO Ha (PUTYPH
6.66 n 6.76 ca IOKa3aHW M Pe3YJTATHTE B JBYCJEKTPOHHUS KaHaJ, KATo aHAJn3bT ¢ Ha 6asa 5.0 fb~!
Janun, Habpanu 1pu eneprus /s = 7 TeV u 3.6 fb™! nannu, nabpanu npu eneprus /s = 8 TeV
[36, 37|. B Tabanmm 6.2 u 6.3 e moKa3aHO CpaBHEHHE MKy OYaKBaHUAT OPOii u Opost Ha HADJIIOJaBAHNUTE
JIBYMIOOHHH U JIBYeJeKTPOHHH CLOUTHA B KOHTpOJIHHeA paifon or 120 < m < 200 GeV/c?, kakro u B
paifona Ha ThpceHe Ha HOBH choutusa m > 200 GeV /c?.

>10° T T ' S0 T E

(\5104 CMS \s=7TeV J-Ldt=5.3fb" (\51043 . CMS \s=7TeV J-Ldt=5.0fb"

» t DATA o E { DATA

‘q:: 10° l:l Zip—ptne ‘q&; 10° ; :I Z/y*—e'e

G - tt + other prompt leptons LI>J ; - tt + other prompt leptons
102 [ iets 102 [ ] jets (data)

bin size
~ 2x detector res

bin size

~ 2x detector res
¢
107
102

10°

cod ol el vend veod ol vl el ol

10° 10*

T T T T

.|

| L I L 1
70 100 200 300 1000 2000 70 100 200 300 1000 2000
m(u*y’) [GeV] m(ee) [GeV]

(a) (6)

®urypa 6.6: CriekTbp 10 WHBAPHAHTHH MacH B (a) ABYMIOOHHH U (0) JByeJIeKTpOHHUsT KaHa. Pesy-
TaTUTE ca OT aHaIW3 Ha jJaHHu B obem Ha b fb~!, mabpanm mpes 2011 r. ipu eneprus /s = 7 TeV.
ToukuTe ¢HC CTATHCTHYECKUTE TPEIIKH MOKA3BAT €KCIePUMEHTATHATE JAHHH. 3allbJIHEHUTe XHCTOIPa-
vu tokassat MK ogaksanusaTa 3a npunoca Ha nponecure or CM: [pen-du (Z/~*), npoiiku tt u npyru
apomarno cumerpuanu nponecu (tW, WW, WZ, ZZ, Z — 771) u doun or KXJI ¢bburtus, B Kouro
IOHE e/lHA AJ[POHHA CTPYsI € PEKOHCTPYHpPaHa MOIPEITHO KaTo JenToH [36].

MacoBuTe rpaHunuTe Ha U3KJIIOYBAHE Ca OIPeeeHU MOOTAE/THO 3a JaHHUTe, HADUPAHH IIPU €Hep-
rus /s =7 TeV u /s = 8 TeV, a cbmo Taka u or KoMOuHAIMATA Ha ABaTa Habopa ganau. Hait-rossma
HEOIIPeIeeHOCT B IOJTYUeHNS Pe3yATaT ce BHACS 0T eeKTUBHOCTTA 3a MOA00P HA KAHIAIATHTE a TaKa
CBIIO U OT OTHOIIEHHETO R, MeXKy reoMeTpudHuTe epeKTuBHOCTH Ha Z' u Z. B'bB BUCOKUSI MACOB JiH-
ama30H HeOlpeIeJIeHOCTTa, BHACAHA OT 00Iara epeKTHBHOCT 3a MOoAO0D Ha JENTOHUTE JTOMUHUPA Ha/l
HEOIpeIeIeHOCTTa, BHAcAHA 0T R.. Cjie; oTI9nTane Ha HEONPEIeIeHOCTUTE, BHACAHN OT (DyHKIUUTE HA
pasnpeaelenre Ha IapTOHUTE, 00MATa HeOIPEIeJICHOCT IpH opeaendiero Ha R, e 3% B AByMIOOHHUS
KaHat 1 8% B AByeJeKTPOHHHA. EpeKTuTe OT IOTrpeimHo peKoHCTpyupaHe Ha KAHIUIATHTE, a TaKa
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®urypa 6.7: CuekTsbp [0 HHBAPUAHTHE Macu B (a) AByMIOOHHHUS U (6) JBYyeJeKTPOHHUA Kamai. Pe3ys-
TATHTE Ca OT aHAJTH3 Ha ,MIOOHHK ganuu B o6eM or 4.1 fb~! mpu emeprua /s = 8 TeV. Toukure ¢be
CTATUCTUYECKHUTE TPEINKU MOKA3BAT €KCIEePUMEHTATHUTE JAHHN. 3all'bJIHEHATE XUCTOIPAMHU ITOKA3BAT
MK ouakBanugara 3a npunoca ua uponecure or CM: Ipen-9n (Z/v*), npoiiku tt n apyru apomMarHo
cumerpuann nponecu (tW, WW, WZ, ZZ, Z — 1) u don or KXJI ¢bbutus, B KOUTO MOHE e/HA
aJIPOHHA CTPYsT € PeKOHCTPYMPAHA MOTPEITHO KaTo JenToH [37].

L

w3 | ! L
0" %0100 200 300

3Tounuk 120 — 200GeV /c? | > 200GeV /c?
ExcniepuMenTaanu JTaHHA 13081 3503
O611, don 13010 £ 590 3630 £ 160
Z /v 11700 £ 570 2920 £ 140
tt ¥ ApyTH apOMAaTHO CUMETPUYIHI 1280 4+ 150 698 + 78
KX/ cbourus 26 £ 3 10+1

Tabsuna 6.2: Bpoit HabII0aBaHN 1 OYaKBAHY JIBYyMIOOHHU CHOUTHUS B KOHTPOJIHUS paiton oT 120 < m <
200 GeV /c? u B paiiona na Tbpcene m > 200 GeV /c? 3a nannure, nabupanu npu /s = 8 TeV. OGmusr
don e cyma oT cHOUTHATA 32 BCUIKHU onucanu nmo-rope nporecu or CM. LlutupanuTe Heonpe e 1eHOCTH
ca cpeJlHa KBaJpaTHIHA CyMa OT CTATHCTHYECKHTe U CHCTEMATHIHUTEe HeonpeeaeHocru [37].

CBIIO U ePeKTUTE, IbJKAIIN Ce Ha MONPABKU OT IO-BUCOK NIEPTYPOATUBEH IOPAIbLK KbM (popMaTa Ha
boHa Morar Jia ce cYMTAT 3a MpeHeOPEeKUME IPU ONPEeJIeIIHeTO HA TPAHUIUTE HA U3KIoIBane [37).

Ha ¢durypa 6.8 ca nokazanu ropuure rpanunu Ha Hab/I0AeHRe U O4akBanuTe croifnocru B 68% CL
1 95% CL 3a oraomenuero R, (6.1), npecMeTHATO 33 pas3IHdHUTe H3CIeABAHN TeopeTHIHN Mojean. Ha
chinara Gurypa ca NpeacTaBeHd W TEOPeTHYHHUTE ONEHKHU 3a 3aBUCHMOCTTA Ha CeYeHUATa OT MaCaTa
ua gapoiikure sentonu. Cedenusara 3a paxkgane Ha Z' u G B I'bPBE HOPAIDbK Ca NMPECMETHATH C
oMoIITa Ha rereparopa Ha cbourus PYTHIA V6 (nacrpoiika Z2) [19, 20|, kaTo e usnossan Habopa
or dyHKIuu Ha pasnpejaesnenue Ha nmaprouure CTEQ6.1 [18].

6.5.2 Ten3opHU B3amMoOeliCcTBUSA

Ha durypa 6.9 ca npeacraBenu eKCIepuMEHTATHO HOJYUYCHHTE MACOBU CIIEKTPHU 3a JIBOMKH MIOOHH C
IIPOTHUBOTIOJIOKEH 3HAK, MOJIydeHn oT anaams Ha 12.96 fb~! (durypa 6.9a) n B3 ocnosa na 20.65 fb~!
(durypa 6.96). K'bm cbburusra e npuiiozkKeH JOMbJAHATECH QUITHD, IIPOIYCKAI €/ [MHCTBEHO JBOHKY,
3a KOUTO € m3mbjneno sin” 0* < 0.9 uw A¢ = || £ 0.25.

Pesynararure oT npopejennst aHaan3 MoraT Ja ObaaT 0000IeHn B JIBe OCHOBHH HACOKM:

e BbB u3ciensanns MacoB paifoH He ce HaOI0JAaBAT YKa3aHUA 32 ChIIECTBYBaHe Ha TEKKH HEyT-
paJiny 6030HK. Bb3 ocHOBa Ha aHa/Iu3a Ha JaHHu B obeM oT 4.1+0.2 fb~!, cn6panu o meTekTopa
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U3Tounnk 120 — 200GeV /c? | > 200GeV /c?
ExcniepuMenTa Inu JTaHHA 12030 2904
O611, dhon 12240 £ 590 2970 £ 260
Z/y* 10660 £ 530 2200 £ 220
tt ¥ ApYyTH apOMAaTHO CHMEeTPUYIHI 1220 4+ 180 560 + 80
KX/JI cbburus 360 + 180 210 £ 110

Tabmuna 6.3: Bpoi#t nmabaiogaBann m OYaKBaHU JBYEJEKTPOHHH CHOUTHS B KOHTPOJIHUS pailoH OT
120 < m < 200 GeV/c? u B paiiona na Tbpcere m > 200 GeV/c? 3a nannuTe, HabUpaHu OpH /s = 8
TeV. Ob6musar ¢on e cyma oT ¢hbOUTHATA 38 BCUUKH olEcaHu Io-rope npoiecu or CM. Hurupanure
HEOIPEJIEJICHOCTH Ca CPE/JIHA KBQJIPATUIHA CYMa OT CTATUCTUYECKHTE U CHCTEMATUIHUTE HEOIPeIe/1e-
noctu [37)].

CMS upu eneprus /s = 8 TeV u ganuu B obem or 5 fb~!, ¢hbpanu 1upu eneprus /s = 7 ca
ompejie/IeHl MacOBUTE T'PAHUIM HA M3KJIOYBaHe, KOUTO ca npejcraBenu B Tabsmia 6.4. KomoOu-
HUDAHWUTE Pe3YJITaTH TOCTABAT CJIeJHATE TpaHui Ha u3kaoupane B 95% CL [37]:

— 3a paxjane Ha Zgg,, OT YbjizKenus cranjapren mojes - 2590 GeV /c?;
— 3a paxjane na Z,, or Teopusra na pejukoro obejunenue - 2270 GeV /c?%;

— 3a Kanyna-Kuaitn Bb30yxkaanus Ha rpaputona G or mogesuTe Ha Pangan-Cysapym ¢
k/Mp; = 0.1(0.5) - 2390(2030) GeV, kbaero k e KpuBuHATA HA JAOIBJIHATEJTHOTO H3MEPEHHE,
a Mp; e penynnpanara [lankoBa maca.

He ce naburomaBar ykasaHusi 3a CbhIIECTBYBAaHETO HA YaCTHUIA, MPEHOCUTE] Ha TEH30DHH B3au-
MogielicTBus ¢ Maca, Oiuska 10 M = 425 GeV/c? Caen o6paGoTkara Ha JOI'LIHUTEICH 06eM
OT JaHHU CTAaTUCTHYECKaTa 3HAYUMOCT Ha M'bPBOHaYaJIHO Ha6ﬂ}0ﬂaBaHHHT N3JIUITBK OT C'b6I/I—
THd Oellle pelyllupaHa JI0 OKOJIO 2 CTaHAapTHU OoTKJIoHeHusd. OT Jpyra cTpaHa TO3H pe3y/ITar 3a
MOMEHTa, He II03BOJIABA MOCTABSIHETO Ha I'PAHMIM HA U3KJIIOUYBAHE.

G (k/Mp = 0.1)

2140 GeV /c2
1810 GeV /¢?

Monen 7TeV 8TeV 7+ 8TeV
Zsour 2330 GeV/c? | 2440 GeV/c¢? | 2590 GeV /c¢?
Z, 2000 GeV/c? | 2110 GeV /¢? | 2270 GeV /¢?

2260 GeV /c¢?
1900 GV /c?

2390 GeV /2
2030 GeV /2

Tabuna 6.4: Macosu rpanunm ma uskmousane B 95% CL 3a cnenududnure MOgEIN, NOMYUECHH OT
aHa/n3 Ha JBYJICNTOHHYW JAHHU npu eneprun /s = 7 TeV n /s = 8 TeV noormenno, a ¢bImo Taka u

pesy/lTaTuTe OT aHaIn3a Ha KOMOMHUpaHuTe namnu [37].

28



8 TeV, ee (3.6 fb ')+ p'y (4.1 fbo™)
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Qurypa 6.8: 'panunu Ha U3K/JIIOYBaHE 32 OTHOIIEHUETO [, MEXK/1y CeYeHusTa 3a parKIaHe, YMHOKEHN
10 MAPIUATHATE BEPOATHOCTH 33 PA3Na]] Ha JICNTOHHH JBOHKM KbM CHIIATE BEJTHYUHU 33 0030HA 7
or CM, karo dhyHKIus Ha pe3oHancHaTa Maca 3a 6o30H cbe cmun 1 (a) u 3a 6030 c¢be coun 2 (6),
MOJIYYEHH OT aHAJN3 Ha KOMOWHUpaHU jJanHu, Habupanu npu 7 u 8 TeV. BampuxoBanure y4IacTbiu
CHOTBETCTBAT Ha OYaKBaHUTEe rpanuiu ¢borBeTHO B 68% CL 1 95% CL [37].
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fit_diMuonMass : - T
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®urypa 6.9: Pasupegesienne o MHBAPMAHTHA MACA HA JABOHKH MIOOHH. Pe3ysraTure ¢a moJyYeHd Bb-
30CHOBa Ha aHa/u3 Ha Januu B obem or (a) 12.96 fb~! u (6)20.65 fb~'. Ha wbpsus pes ca upejcrapenu
eKcriepuMenTaIHuTe Jannu u dpura B Macosus untepsas (a) 300 — 700 GeV /c? u (6) 250 — 700 GeV /c?.
Ha Bropust pea: OneHka Ha JOKaJIHATA 3HAYAMOCT Ha eBEHTYAJHHMS U3JIUIIbK OT ChOUTHA 33 ChOTBET-
HUS MacoB OWH.
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I'maBa 7

SaKJII0YeHIe

7.1

Hay4ynu npunocnu

B IpeacrTaBeHuTe u3CjaeJBaHud Ha C”b6I/ITI/IH C MIOOHHU B KpaﬁHOTO CbCTOAHUE, ITPOBEACHU C AeTEKTOPa
CMS mpe3 nepuoga 2010 — 2012 1. uMaM CJIeTHOTO ydacTHe:

Y4acTue B HaOOpa Ha €KCIEPUMEHTAIHU JTAHHU;

Mopgenupane na paborara uHa aerekropa RPC ma CMS, ¢ momornra Ha MeToan, OasupaHu Ha
CKCIIEpUMEHTAJIHN AdaHHH.

PaspaborBane Ha meTon 3a ompejessHe Ha CHMYJIUPAHHA pasMep Ha KIbCTEPUTE W HUBOTO HA
CUMYJIUPAHUS [IYM;

PaspaborBane Ha cuenmajieH mporpameHn mnaker 3a Bajguaupane Ha MK Mozmena um kagecTrBoTo Ha
MK paHHuTe;

Excrupecen amain3 u cepTudunupaHe Ha JaHHE - IO MO€ PBKOBOACTBO KATO OTTOBOPHUK 34
eKCIIPEeCHUs aHAJIU3 U KAa9eCTBOTO Ha JAaHHU € M3BbPIIEHa MpeaBapuTenHa o6paboTKa H ca cep-
TuHUIEPAHE eKCIePUMEHTATHH JaHHA B 06eM oT okoso 4 fb~1 (or 06mo 30 fb~1)

Ananms Ha ¢bOUTHS, BKJIIOYBAIIN 1B MIOOHA B KPAHOTO ChCTOSIHHUE.

B pesynrar ma nposenenute uscieasanus ¢ gerekropa CMS wa LHC ca mocturnartu cieanure pe-
3yJITATH:

1.

W3cneqpanm ca OCHOBHUTE XapaKTepuCTUKU Ha cuctemara ot RPC:

(a) Onpenesrena e eeKTUBHOCTTA HA KAMEPUTE ChC ChIPOTUBHTEIHA TJIOCKOCT;

(6) Onpenenen e cpegnuaT 6poil Ha CPAOOTUINTE ChCEHN CUTHAJHU €JIEKTPOJM B OTTOBOD HA
npeMUHABaHETO Ha eHa JYaCTHUIA IIPe3 IyBCTBUTENHHs o0eM Ha kKamepure. OmpemeneH e
CPeJHIAT pasMep Ha KIbCTEPHUTE 33 KaMEepHUTe C'bC ChIPOTUBUTENIHA ILTOCKOCT OT BCSIKA
MIOOHHA, CTAHIIUS IIOOT/IEJIHO;

(B) Omnpenesienn ca onTUMATHHTE PAGOTHU HAINPEKEHHs HA KAMEPUTE;

(r) C men crabuausmpane Ha paborara Ha cucreMarta or RPC ca BbBeJIeHH aBTOMATHYHE KO-
PEKINH K'bM HalPeKeHHeTO B 3aBHCUMOCT OT CTOMHOCTUTE HA TeMIlepaTypaTa U HAJIATaHeTo
B IIOMEIEHNEeTO, K'bIETO € pasmnoioKena cucremara ot RPC;

(1) Ot aHamu3 HA JAHHU ¢ KOCMHYHU JI'bYU € HApaBeHa OlEeHKAa Ha OpOsl MHIMBUIYAIHH CPa-
0OTBAHUA HA €JICKTPOINTE, IDAXKAIIN Ce HA IIYM B €JICKTPOHUKATA,
? 3

(e) OrkpuTa € Bpb3Ka MEXK/y CBETUMOCTTA HA YCKOPHTEIA W TOKA, HPOTHYAI IPE3 KAMEPHTE;
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(>k) OTKpHTA € Bpb3Ka MEXK/Y CBETUMOCTTA HA YCKOPUTEJIsT U OPOsT HHJINBHLYATHH CPaGOTBAHMSI
Ha €JIEKTPOJIUTE;

. [lonyuenute croitHocT Ha ocHOBHHTE mapamMeTpu Ha RPC cucremara ca M3mo3BaHu KaTo BXOJI-

HU TapaMeTpH 3a MOjeIUpaHe Ha OTKJIWKa U. B mporeca Ha Habopa Ha JaHHU, MapaMeTPUTe ca
OOHOBSIBAHU PEryJISPHO;

[IpoBesen e eKcIpeceH aHAIN3 HA eKCIIepUMEHTAIHUTE JaHHU. JIoKamn3upaHu ca U ca OTCTpaHe-
HU BCUYKH Bb3HUKHAJIN IPOOIEMH, KATO 110 TO3H HAYHH € OCHTypeHa edpekTuBHa pabora Ha RPC
CHCTEMATa M BHCOKO KAYeCTBO HA JTaHHUTE;

. zBbpiiena e npensapurenna o6paboTka Ha ganHuTe, Habpanu B mepuona 2010 — 2012 1. (30

fb~1). Han 95% or rax ca ceprudpunupann KaTo roHU 3a (HDU3MYECKU aHAJIN3;

[IpoBeneHo e ThbpceHe Ha HOBH BEKTOPHH HEyTpaJIHH OO30HH, KATO Ca W3MOJI3BaHH JaHHN, HAOpaHH
upu /s = 7 TeV (4.1 fo7') u /s = 8 TeV (5 fb™1). UsKm04eHO € ChIIECTBYBAHETO HA TAKABA
0030HM Ha HUBO Ha JocToBepHOCT 95% KaKTO Ciensa:

(a) Ba Zggy ¢ My, < 2590 GeV/c?;

(6) 3a Z,, ¢ maca My, < 2270 GeV/c%;

(B) 3a Kanymna-Kunaitn Bb30yxknanus Ha rpasutona Gk ot Mogeante Ha Pangan-CyHapywm ¢
k/Mp; = 0.1(0.5), cvorBetHO ¢ Macu Mg, < 2390 (2030) GeV.
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biaarogapnocTu

Tyk e msacroro ja OJarogapst Ha Jiom. A-p Jleanabp JIuToB HA BbPBO MSICTO KATO YOBEK 3a HErobara
CBPJAEYHOCT U OT3UBUYMBOCT, & TAKA CHIO U 33 HEBEPOSITHUS IIMAHC & PAbOTs 1O/ HETOBO PHKOBOICTBO
1 j1a ObJia 9acT oT ObArapCcKHAT eKull, paboren Ha ekciepuMenta CMS B EBponeiickug meHTsbp 3a -
penn n3ciaenpanus - IEPH. Biarogapst 3a uaTepecnara rema 3a pabora, KOSITO MU JIaJie Bb3MOXKHOCT
HOC/IeTHUTE HAKOJIKO TOAMHM JIa Ce IYBCTBAM HCTHHCKH IMACTINBA U YIOBJIETBOpeHa oT cebe cu. Bia-
rojaps 3a MOJy9YeHUTe 3HAHUsI, MOJE3HUTE TUCKYCUU U CIOJEJCHUs ONUT, 0e3 KOWTO HUTO €/HA IaCT
OT TpejcTaBeHaTa 3a 3aIuTa padora He Ou Omra Bb3MOXKHA. 3a IVIACYBAHOTO TOBEPHE M 3a IOMOIITA,
KOSITO BUHATW MU € OKa3BaJl M CbIIPHIACTHOCTTA MPU PellfaBaHe HA Bb3HUKHAIHN MTPODIEMN.

Bux uckasa na 6saromaps Ha riaBeH acucteHT Bopucias IlaBjos, Ko#iTto npe3 nociaegnure 3 — 4
rOJMHK Oellle TOYTH HEOTI'BIHO 0 MEH, BbBeje Me B TeXHHYECKHTE JIeTail/ii, Kacaelu padoTrara Ha
euH Taka cjoxeH ekcuepument karo CMS. Biaromaps my 3a 1dacoBere, OT/e/I€HU 3a JUCKYCHsI, 32
THPIEHNETO W MOMOIITA, 33 HEroBaTa HAXOAIUBOCT, CIIO/IEJIEHUTE UIeN U CbBMECTHATA PadoTa.

Ocsen ToBa ucKam jia Os1aroapst u Ha ryiaBeH acucteHT Benenun KoxkyxapoB, Ha TJIaBeH aCUCTEHT
[leitvo Ilerkos, Ha 'eopru ['eoprues u jg-p AnToH JIUMHUTPOB 3a ¢CbBETHTE U HEOIEHUMATA, IIOMOII BbLB
BCSKO €JIHO OTHOIIeHue. baarogaps Ha BCHUKH YJI€HOBE OT MOSTa I'PYIIA 3a dyJecHATa eKHITHA JICHHOCT,
HO Hail-Bede 3a TMpHATEJICKaTa arMmocdepa, CHOoJeJeHUTE IMMACTIUBH U ThKHU MOMEHTH U JaCOBETE
IpPEeKapaHn 3a€/THO.

Nckam ja n3Karka creruainn 6,1arolapHoCTy Ha cTapiim HaydeH cbTpyauuk 11 crenen, n1-p Muxaunna
YuKoB 3a crojie/IeHuTe WU, MOMOIITA U IOJIE3HUTE JUCKYCHH.

He nHa mocmeano MscTo mekaM fa 0arogaps Ha BCHUKH MPENoaaBaTeIn B KaTeapa AToMHa pH3HKA
n Haji-Beue Ha mpod. Aunm I[IpoiikoBa, npod. Pymen Ilenos, mon. Jumursp Kones, mor. [IpecusHos,
qon. Kpacumup Mutes, pon. Mako Pycunos 3a npupgodburure 3HaHUS U YMEHHUS, KAKTO U HA BCUYKHU
OCTaHAJM KOJIErW OT KaTe/IpaTa 3a BeJpaTa W KOoJiernajana 00CTaHOBKA.

CrueruaJrau 6J,1arolapHocTu OUX UcKaJia Jia u3Kazka u Ha rii.ac. J-p [lerko Hukosios 3a woBeunocTTa
U Hali-Bede 3a TOBA, Y€ Me HOOIIPU IPU B3UMAHETO Ha TPYJIHHU 32 MEHE PeIleHHs.

Tyk e MgcTOTO Ja TTogHEeCa UCKpeHnTe cu Ojaromapuoctn Ha Tarsna Miaxenosa, Cseriia Llenena,
Basientuna Manacuesa u Ilapiuna IlerpoBa 3a HeorneHUMESI UM TPY/I 1 BUHAI'W HaBpPeMeHATa MOMOIII.

Ocsen ToOBa mckaM ga Omarogmapst u Ha kosernte cu or BAH - mpod. Bnamgnvup Tenues, mor.
Ja-p Ilnamen Hitnzkues m Mupdo Pomo3os, 3a ToBa, We BUHArum OTroBapsixa Ha BBIPOCATE MU H 34
HpHITeJICKaTa 00CTAHOBKA B IIpelrbJHeHus Obarapcku oduc B HIEPH. bux nckana na 61arogapst ¢bImo
u Ha [Ipecnap KoncTaHTHHOB 3a KOHCY/ITAIMUTE, OTHOCHO mos3BaHeTo Ha GRID Mpexkara, a c¢bIo u
Ha j-p VBan [1ymkoB 3a okaszaHnara IOMOII IIPU W3II0JI3BAHETO HA XpaHu/uiieTo 3a jgannu B [TEPH.

bux mckana ga 6aarogaps u Ha koserute cu B [IEPH - /TaBujge Ilukoso, Kamuao Kapuio, Xyan-
[Tabso Tomec, Arna Komnamzeo, Mapueno Abperma, Mapueno Maakn, Cunpua Koncranruwan, Anna
Yumuno, YMmbepro Beprano, Hukosac 3aranuauc, JIyuaxu Benycu, [lyand Myxaman, Muncyk Kuwm,
Anna flHeBa M BCHYKHM OCTaHAIM 33 UyIecHaTa eKHIHA paboTa U MPHATENICKa aTMocdepa.

He na nocjiejino mscto 6ux uckasia ja bjarogaps U Ha MOETO CeMelCTBO, 3a LOoJKpelara 1 pa3ou-
PaHeTO, KOUTO BHHAIW C& MU OKA3BaJIH, 33 BAPATA UM B MEH, 33 HOMOIITA U 00NYTA, KOSITO BUHATH MH
e JlaBaJjia CUJIW, JOPU U B HAW-TPYJIHU MOMEHTH.

Ha Bcuukm Tsx m3Ka3BaM HCKpeHaTa U 0J1aroJapHOCT 3a 6e3ChbHHHUTE HOIMU, Oe3KpaiHuTe 00ChIK-
JIaHUs U Hali-Bede 3a IIaHCa J1a ce MOYYBCTBAM KaTO UCTUHCKH ,,/IOBEIl HA HOBH YACTHIIA .
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