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PaxdaHemo Ha udesama 3a HeympuHa

CnekTbp Ha enekTpoHuTe no NMucmo Ha Bondranr Maynu ot 4.12.1930

eHepruu npu B-pasnagane
Dear Radioactive Ladies and Gentlemen, 1930

120 , T , As the bearer of these lines, to whom | graciously ask you to listen, will
explain to you in more detail, how because of the "wrong" statistics of the N and
Li6 nuclei and the continuous beta spectrum, | have hit upon a desperate remedy
to save the "exchange theorem" of statistics and the law of conservation of
energy. Namely, the possibility that there could exist in the nuclei electrically
neutral particles, that | wish to call neutrons, which have spin 1/2 and obey the
exclusion principle and which further differ from light quanta in that they do not
travel with the velocity of light. The mass of the neutrons should be of the same
order of magnitude as the electron mass and in any event not larger than 0.01
0.00 ' proton masses. The continuous beta spectrum would then become
understandable by the assumption that in beta decay a neutron is emitted in
addition to the electron such that the sum of the energies of the neutron and the
electron is constant...

90
60
30

number of
events

| agree that my remedy could seem incredible because one should have seen
those neutrons very earlier if they really exist. But only the one who dare can win
and the difficult situation, due to the continuous structure of the beta spectrum,
is lighted by a remark of my honoured predecessor, Mr Debye, who told me
recently in Bruxelles: "Oh, It's well better not to think to this at all, like new
taxes". From now on, every solution to the issue must be discussed. Thus, dear
radioactive people, look and judge.

Unfortunately, | cannot appear in Tubingen personally since | am indispensable
here in Zurich because of a ball on the night of 6/7 December. With my best
regards to you, and also to Mr. Back.

Your humble servant

W. Pauli translation: L.M. Brown, Phys. Today,
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« [lpegnonarame aHanorusa mexay cnabdoTo U enekKTpoMarHUMTHOTO
B3aMMoOencTene — n ABeTe ca B3aMMOOEUCTBUA MeXay TOKOBE.

* I'Ipeu,nonarame CblleCTBYyBAHETO Ha MaCMBEH MNMPEHOCUTEIT Ha

B3aMMOOENCTBUETO.
\_J'e OE‘
W~ ) W -
n ((jj > e H —- e
u + Vud
ﬂf Vu
beta decay ¥ muon decay
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AQPEHUNAT peakTop KaTo U3TOYHUK Ha
(aHTU)HEYTpUHa

Containment Structure

'-\.r!_
d e
~frv/fission & ~200MeV/fission o o
I ®@ ® o
10
“611{3%1_"{.1"&'1"!‘#&('&:!‘ (1GWe) ? ] d &
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MpAKo pernctpupaHe Ha v

N3TOYHUK Ha (aHTN)HEYTPUHA
— AQPEH peakTop

V., +p—>e’+n

- MNo3nTPOHBT aHMXMNpa C eNeKTPoH OT cpeaaTa
N ce reHepupart ABa eAHOBPEMEHHWN raMa-KBaHTa:
et +e —yy.

- HeyTtpoHbT ce 3abaBs B cpenarta 3a okono 15 us
N C ronsima BeposiTHOCT ce nornblya ot Cd sapo,
KOETO OCTaBa BbB Bb30yAeHO CbCTOSHME.
B1b36yxgoaHeTo ce cHeMa 4vpes 2 rama-npexoaa.
PernctpupaHeto Ha Bcn4kuTe 4 poToHa ypes 4-
KpaTHWU 3aabpXaHu cbBRaaeHust naeHTuduumpa
e0HO3Ha4YHO peakuymaTa.

Cy6aTtomHa ¢hmsmnkal/2014 - 7
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|£|,ByKOMI'IOHeHTH UAT Mmoden

1956 Heszama3BaHe Ha NMpOCTpaHCTBEHATa YETHOCT B -pa3najjaHeTo Ha
%0C0: usnpuenusT enekrpon numa sissa crmpansoct (C.S. Wu et al.)

1957 N3meppane Ha cnupainHoctTa Ha HeyTpuHoTto (M. Goldhaber,

L. Grodzins, A.W. Sunyar):
HCYTPHUHATA UMAT JIsIBa CIIMPAJIHOCT.

IMoJpsIpu3anusTa Ha Y-KBAHTUTC CC U3MCPBaA 4PEC3 KoMnTpHOBOTO UM

a3celBaHE OT HAMAarHUTEHO KEIsI30 : : :
P Science and Jazz in the NY Daily News
Sunday September 21, 1958

*

e +Gd—r.+ Sm

1
Sm + i

1959 Ray Davis ycraHoBsiBa, 4e (aHTH)
HEYTpHHATA OT SJIPESH PeaKTop He
B3aumozeiicTear ¢ Cl, 3a na reaepupar Ar:
n—->pe v,orv,?
N3npyeHnTe npu pa3nagaHeTo HEYTPUHA HE
OCBIICCTBABAT PpCAKIUATA
v + 3Cl > 3Ar +e,

T.C. TC Ca AHTUHCYTPHUHA.
Cy6aTtomHa ¢hm3unkal/2014 - 7




CP-nHBapuaHTHOCT

<Uy 7/ﬂ(1_7/51|ue >

V-A |u =51-=v)u

« EpuHcTBEHO neBoBUHTOBUTE
HeyTpMHa U JEeCHOBUHTOBUTE
aHTUHEeYTpUHa y4yacTBaT B
cnabute B3anmMoaencTBus.
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1960 Lee n Yang npegnonarar,
4Yye OTCbCTBUETO Ha pa3nagaHe
OT TUNa

w — e +vy (BR<5x1013, 2013)

e yKa3aHue 3a Hann4ymeTo Ha 2
TMNA HEYTPUHA: v, U V!

wo—> e +v,+V,
Chen Ning Lee and Tsung-Dao Yang
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[1pAKa NpoBepKa 3a
HaAn4YMeTo Ha ABa TUNaA
HeyTpuHa

MPOTOHEH CHOM OT .
AGS (33 GeV) Schwartz Lederman  Steinberger -

proton PN o
§ I

beam target proton accelerator
. I et
‘1962 ‘ G N —
. detector -
pi-meson e steel shield spark chamber

beam

HeyTpuHaTa OT pa3nagaHeTo Ha
NUOHUTE: Vu\/ m
m—u+y,

paxgat camMo MIOOHMN, § W-

HO HE N ENEKTPOHM!, -

KoraTo B3aUMOZen- /

cTBaT C BeLWeCTBOTO. hadrons
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TpeToTo NoKoNeHMe NENTOHN

Donut — npAkKo M. Perl n cbTp., SLAC-

LBL, 1974-77, HobernoBa
perucTtpupaHe Harpaga 1995 r.
Ha T-

HeYTPUHOTO

tau lepton

1776.84%0.17 MeV/c?
2.9%x10™13s

ESTEREN )

Evidence for Anomalous Lepton Production

in e+ - e- Annihilation; Physical Review Letters,
Vol. 35, Issue 22, 1489-1492; 1975

er+e —et+ [ﬁ + at least 2 undetected particles

| e ef+e  H>T1T+1T set+put+4v
s [ ‘ - | o F :
e e o g B e e V.
Of one mill ilion tau neutrinos crossing the DONUT detector, scientists expect about one to interact with an iron nucleus. -
T
W_ e_r M_r d
Voo vl
e
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cnaboTto B3anmoagencTeue e cnaoo.
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JlenToOHHM NpouecH - yHUBepcanHoCT

I B 7y v ]
Br(W~ —I7,) = — — = — = 11.1%
| ' (W™ —all 3+2 N,
. EKCI'Iepl/IMeHT: Br(W™ —ev,) =(10.59+0.17)%
Br(W™ — uv,) = (10.55£0.16)%
Br(W™ — 7. ) = (11.20£0.22)%
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JlenToHHK
npouecu - Su
yHMBEpcanHocT

0.9999 +£0.0020
1.0017+0.0015
0.998+0.011

Br—>,u /Br—>e

Bft—)p/B:r—w
BW—>;1/BW—)6

1.0002 +0.0022
1.028+0.013

€1
—-)—/
g W En [
’ %/” ik ’]nrbﬁv/u <dll
g \" \V \V
B Vu K H
> v g W ge C
— i ¢ NN
w— | (S
T %/C \Vt \Ve
\
W g1 T
JUU\V
T
W &
JUU‘\_

1.0004 +0.0023
0.9999 £ 0.0036
0.979+0.017
1.030+£0.013
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JlenToHHM Npouecu - ob6obLeHNE

« JlenTtoHnTe yyacTtBaT B cnaboTo B3aMMoaeNUCTBME KaTo aybneTtu:

« 3apaabT Ha crabuTte B3aMMOOENCTBUA ce Hapuya cnabd N3oCnuH;
W 0030HMTE CBBP3BAT CaMO YacTUUUTe OT eauH U Cbll ayoner:

-
W // W

llrlE

i W // I
VY

SN
v, P + epmutoso criperHatn (W)
S

v,
"

_I:_
——

A/
AN

W W

« KoHcTaHTaTa Ha cnabute B3anMoaencTBuS 3a NenToOHHUTE nNpouecu
e yHMBepcarnHa.
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B3anmooencrtene Ha HEYTPUHOTO C
BELLEecTBOTO

charged current (CC)
_ Vv, +*N—>u +X

VHYM
- v,+N—u +X
N/\X

neutral current (NC)

v,+N—->v, +X

Ve,u, Ve,u,
T T —~ —_~
z N Vv, + N —> Vv, + X
\
N X
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KBapk-napToHHa KapTuHa Ha
B3aMMOAENUCTBMETO HaA HeyTpMHaTa C

BeLWeCTBOTO

- (a) +
J‘" e v +N > u +X

+|lvd—pu \W- vu—pu*d H

cosB, cosO, ~
F i) s v,+N—>u +X
SN
o= (p,—p)*=-Q?<0

<) et

V=E,~E, = Epq— My =(§. Prag/My

~ 2 2
— } Bjorken ~ —

Nucleon Hadron 2q . phad 2 M V

Shower
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10 20

[1bnHO cevyeHne Ha CC - B3anmogencrene
Ha HEYTPUHOTO C BELLECTBOTO

30 50 100

150

200

250

300 350

1_0:? ) ey . . 'cro§slsectionfor'vN'--l>u)'( .
2 : BEBC
E T W TS SRR
0% E_ _E 0% % total o~ .o’.‘j * vy :
A dﬁ / %}%{;@ﬁ ﬁi ! ? 77 w0, @ MHOTO MarKo: Ay
T i | i" § BbBBOAA 3@ HEYTPUHO C |
A Y N 1 % eHeprus 30 GeV e
§ M 3" < 1 8x101%m (~ 0.55 AU) !
£ D l ] © i XZX
02 o 1 ] 02 "2 ,’; f ‘
s, Do i him | S
5 Eii SR s G ’ o 1w 100
] o S W A W o s ) neutrino enerav (GeV)
0 10 20 30 50 100 150 200 250 300 350
E, [GeV]
o/E, = (0.677+0.014)x10-38 cm2/GeV
o/E,.., = (0.334x0.008)x10-38 cm?/GeV
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Cnabu npouecu ¢ KBapku
 Moxem nu ga npunoXxum cbLUMa noaxon TyK?

L T

=

c

3a CbXXaneHune He e TOSIKoBa MPOCTO...

Cy6aTtomHa ¢hmsmnkal/2014 - 7

20



Cnabwu npouecu ¢ KBapKku

CbCTOdAHMATA, yYacTBalLmM B cnabute B3aMmoagencTems (cobcTeeHnTe
CbCTOSAHMA Ha cnabus N30CnuH) ca JIMHEMHU KOMOUHaUMN Ha

apoMaTHUTE CbCTOSHUA:
d\ cos . sind. d
s') —sinf,. cos@. S
« AKO cbllecTByBaT camo 4 Buaa kBapku (U, d, s, C) TO CMECBAHETO
MOXe [la ce onuwle ¢ eANH eQUHCTBEH napameTbp O - brbi Ha

Kaobunboo (Cab|bb0) d,i."."."."".."."."""""""":

. _— o [
+  Excnepumentanto: 0. =13 M\\

» Kabnbo paspelueHu
« Kabnbo notucHatu
S°:

cos6_s - sin6_ dé !

Cy6aTtomHa ¢hmsmnkal/2014 - 7



Cnabwu npouecu ¢ KBapKku

_|_

0¢ - R

D 3 a K Dy
D’ — K*x~)  sin"f. _
I'(DY— K-7n+t)  cos?#, -
N3mepeHo

o "K
d g

. — 5 D ——— {] -
_ I

u

0.0028 OuakBaHo

0.0038 3

D% 5 K*7~ e agoitHo Kabubo notucHat npoLiec.

Cy6aTtomHa ¢hmsmnkal/2014 - 7
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Cnabwu npouecu ¢ KBapku

« CoblectsyBaTt 6 KBapka —u, d, s, c, b, t.

d’ 1/*;.1..[[ If:_.l.s 1/1-1-!- b d
s’ = Vea Ves Ve S
br ﬂ o ﬂs ﬂ b b

 Martpuua Ha Cabibbo-Kobayashi—Maskawa.

—is
C12C13 S12(:13 Sl3e
i5 i5
U CKM —| — S12(323 o Clzszsslse C12(323 _ 8128238136 S23(:13
io iS5
S12523 o Clzczsslse o C12523 o S12(-:23313e C23C13

YHUTapHa maTtpuua, CTaHgapTHO ce napameTpusupa c 3
OwnnepoBu brbia 1 egHa KoMnnekcHa dgasa.

23
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ObeanHeHne Ha enekTPOMarHMTHOTO U
cnabdoTo B3anmoagencTeme

 Mopgen Ha Glashow-Weinberg-Salam

W~ W~
wW°|,B —>|zZ° |,A
W~ W~

o ®dun3nyHo HabngaBaHW noneTa :
W+, W-, Z°, A (dboTOH)

Z° =W?’cos g, —Bsin@,

A =W?’sin8, —Bcosé,
«  W*, W, Z° nony4yaBaT maca nocpeactesoM MmexaHmama Ha Higgs.

* [loBe4ye nogpoOHOCTU B Kypca "YBOA B TeOpUsATa Ha efieMeHTapHUTE
yacTumuun’.
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Mopaen Ha Glashow-Weinberg-Salam
3a crnaboTo B3anmoaencrteume

HeyTpuHHUTe nonerta

( v \ ( 14 \ ( v \ ca nesu u besmacosu

comromvoall I I N I

enToHu KBGPKW m(v,) < 0.19 MeV/c?,
m(v,) < 18.2 MelV/c?

(CI; /) L C’) L (1;) L <‘i) 8 <‘l’;} 5 (\Vtr ) L

UR dg SR CR br IR €R R TR.

cnabo B3aumoaenucTeme

SU.(3)xSU(2)xU (1)
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V2 sin Oy
1 '
Zo ' g
+Sif19wC089W 3 NC} SmQW - 5
Vo' +9°
Thy = —eryter —ery'eg = —ey’e -
e= =gsing,

m 1 - L = - ”
JNC = ’Q‘VeLVl Vel — 'jel,VMeL — Sin HW‘]c{m
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Cnabwu HeyTpanHu ToKoBe
e ve d u
e'—)—é VE—’—{ d—’—{ u —»—{
Zl] Zl] Z.D Zn
v, S c
v VH—D—{ S _’_4 C =3 :
Zl] Zl] Z.D ZU
v Vi b t
T—b—{ vT—»—{ b —»—{ t _._{
Zl] Zl] Z.D Zn
He cmecBaTt apomaTute
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OTKpuBaHe Ha HeyTpanHUTE TOKOBE
Gargamelle, 1973 g
gy 12 . .

"%‘ > ;»(‘
o o A ' A
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| A LEP Detector : OPAL I

Electromagnetic Muon
calorimters detectors
Hadron calorimeters

Jet

e
chamber 7'
Vertex
e f

chamber

+ +
uVertex e W e W
detector Y
VE
e W e W

Muon Chambers - \adron Calorimeter

Solenoid and
Pressure vessel

Forward
detector SiW luminometer

f Tracking Chambers
= . Q‘! [ =
Electro-magnetic Calorimeter
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Z° pe3oHaHc
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M,,. =80.385+£0.015 GeVi/c®
M_, =91.1876 £0.0021 GeV/c*
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=
F =8
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O6paTHO KbM NENTOHUTE

* A He cbllecTtByBa nm aHanor Ha CKM maTtpuuaTa 3a NenToHHUTE
cnabwu B3anmoaencTemna?

* BCbLUHOCT CbluecTByBa.
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Ocumnaummn Ha HeyTpuHaTa

M3TOYHIK pa3npocTpaHeHHe BbB BAKyyM ETEKTOP
NJIN BEHIECTBO
. —>>
L

PAAAIT £€ CRCTOMHI ci1ad6o B3aumoneiicreue (CC)
C ompeeaeH apoMar t ~ L/E
(Hamp. oT T — pUv) _
V> =iy, >+ V(> =a lv> exp(iEt) Ve NH X
'TH ok : v. Noe X

Blv,>+ +B v, > exp(1E, 1) "N X

Y 'v,> +v lv,> exp(iE,t) Vs E

Ozcillation probabilities for an initial electron neutrino

P(p—>1)=i<v.iv()>?
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B n3noXeHNeTo ca u3nonssaHu MaTtepumalinm oT.

« M.A. Thomson - Particle Physics (nekuunn)
http://www.hep.phy.cam.ac.uk/~thomson/particles/

« J. Terning - Standard Model (nekuun)
http://indico.cern.ch/conferenceDisplay.py?confld=91719

 H. Murayama - The Standard Model (nekuun)
http://indico.cern.ch/conferenceDisplay.py?confld=57516

* A. Pich - The Standard Model (niekunn)
http://indico.cern.ch/conferenceDisplay.py?confld=a07165

o http://en.wikipedia.org/wiki/Main Page

Cy6aTtomHa ¢hmsmnkal/2014 - 7

34


http://www.hep.phy.cam.ac.uk/~thomson/particles/
http://indico.cern.ch/conferenceDisplay.py?confId=91719
http://indico.cern.ch/conferenceDisplay.py?confId=57516
http://indico.cern.ch/conferenceDisplay.py?confId=a07165
http://en.wikipedia.org/wiki/Main_Page

