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Summary
Electroweak theory and the Z
MIYAMOTO Michiko

I summarized an introduction of “Electron-Positron Physics at the Z” written by Prof. D. R. Ward and oth-
ers.

In late 1960s, the unified theory of the electromagnetic and weak interaction was developed. Quantum
Chromodynamics (QCD) is constructed by this electroweak theory, together with the related theory of
strong interaction, forms the basis of their current understanding of fundamental particle interactions. These
theories are referred to as Standard Model.

An essential predietion by Standard Model was the existance of an uncharged weak boson Z.

They built colliders and ditectors to test these predictiones of Standard Model. Large Electron-Positron
storage ring (LEP) observed about 20 Z at the first run of this machine in July and August, 1989.
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Figure 1.1. Feynman diagram for electron-electron scattering via virtual photon exchange.
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Figure 1.2. The four-fermion Fermi interaction.
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Table 1.1. Fundamental constituents in the Sandard Model. The quark masses
are not straightforward to define

Fermions J = -%-

Leptons Quarks
charge mass charge mass
ve 0 <15ev +£ 2-8Mev
e —1  0.511MeV -+ 5-15Mev
Va 0 <170keV +<  10-1.6Gev
e —1  105.7MeV —+ 100-300Mev
Ve 0 <24MeV +£  17526Gev
- -1 L777GevV —4 41-456ev
Gauge bosons J#= 1~
mass
7 0
W 80.33+0. 15GeV
z 91.18620. 002 GeV
g(gluons) 0
Higgs boson J#= 0%
mass
H >66GeV
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Table 1.2. Electroweak quantum numbers of the first-generation fermions.
The other generations follow an identical pattern.
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P e _
[=h 2 ) 1 1
er 0 0 -2 -1

1 L 1 2
w7 2 3 3
oo 1 -1 1 _1
L 2 2 3 3
4 2

UR 0 0 3 3
, 2 _1
d’r 0 0 3 3
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Figure 1.3. The #—decay of the ¢ -, regarded as a four-fermion Fermi interaction
(left) orin terms of W~ exchange (right).
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Figure 1.4. Triple gauge boson vertices which arise in the electroweak theory.
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Figure 1.5. Feynman diagrams for electron-positron annihilation into a muon pair.
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Figure 1.6. Mechanism for producing the Z boson in pp collisions. The double
lines indicate remnants of the proton.
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WZHL TV, 2825, BFEREIEWIANVE —EREFARICERTLINLTH L, BFH
ZBWT, Y7o a4l o T, ZALMF—BHIRSN TS, LPLESLH, 3%
TOZANF—RBFERFIMEbIL, U—20WFEHEELRV, HEY - 28 TER IR
Fii, BEENBIIBIA LD b X VEFNIISFTEERIDH D, HEEHEERIE, 1.38
THEMLZEDI, ZTLAEDAr OVEAITHIABRERIZL > TEFEIBBLR TV,
RLIBEELETLANVF BT -HETFHEEHEDILOTH D, €D L) LERBOBMN
BIATDELE, H) TANVZTDOAY Y7+ —FDOSPEAR TH Y, ZZTJ/p WEE/T
BRIN, FLTXc VT My BRERENTz, NV TV D DESY @ SPEAR & DRIS #i3F v
—ALEF X —FE Y LRDYR UGS Lz, MOBMD Y A 71E2—~ 2 VD CESR TH
TNIEDRIS DREEITENIERTH o720 THOIEFEIZDb OBEDH 720 T, HiZy (4S)
DIFNVE-—DE ZATERIEENTZ, B-AV Y IZOWTDFRA DR 503%13. CESR IZBIT
% CLEO EB& & | DRIS TD ARGUS EED 5 & TWwb, L L%ASH, v (4S) Ty (48) O

Table 1.3. The major high-energy e*e~ colliders. The energy refers to the maximum centre of mass
energy except for the asymmetric b-factories where the two beam energies are given.

Energy Major

Machine Dates (GeV) experiments
SPEAR(SLAC) 1972—1990 8 Crystal, Ball,DELCO, MARK I,II,T
DORIS (DESY) 1973—1993 11.2 ARGUS, Crystal Ball, DASP, PLUTO
CESR (Cornell) 1979— 12 CLEO, CUSB
PETRA (DESY) 1978—1986 46.8 CELLO, JADE, MARK J, PLUTO, TASSO
PEP(SLAC) 1980—1990 30 DELCO, HRS, MAC, MARK II, TPC
TRISTAN (KEK) 1987—1995 64 AMY, TOPAZ, VENUS
SLC(SLAC) 1989— 100 MARK T, SLD
LEP (CERN) 1989— 192 ALEPH, DELPHI, L3, OPAL
PEPT (SLAC) 1999— 9+3.1 BaBar
KEKB (KEK) 1999— 8+3.5  BELLE
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 SEDELPHI

Figure 1.7. Schematic layout (not to scale) of the CERN accelerator complex.
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Table 1.4. Summary of LEP running. Peak refers to running at centre of mass energies within a few MeV
of the Z peak. Scan refers to energy scans at several energies on and within a few GeV of
the Z peak. The integrated luminosity and number of hadronic events are approximate values
per experiment. In 1996 there was also a small amount of running at the Z peak for calibration
purposes which is not included in the summary.

JZdt Events
Phase Year  Energy (pb~1)  (1000s)
LEP 1 1989 Scan 1 29
1990 Scan 7 148
1991 Scan 14 346
1992 Peak 25 766
1993 Scan 35 752
1994 Peak 56 1708
1995 Scan 35 727
Total 173 4476
LEP 1.5 1995 130-136 5 1.5
LEP O 1996 161 10 1.3
172 10 1.2
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Figure 1.8. Schematic layout of SLC.

Table 1.5. Summéry of SLD running at SLC. All the running has been at the Z peak.

Events
Date (1000s)  Polarization
1992 10 22%
1993 50 63%
1994-1995 100 7%
1996 50 76%

P2 ETHD, SLCOTF—F —BENE L DIX, ELEIELON TV,
1.3 &g
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12, FHLTCOEOHER TS, 2L TRLCOVOKRDOPHRTHH 5, KR VF—

150



BYDRODNy 2759 v P, U= A0 0 ORIBIEEETF D/ 7 755 FABILE
0 ZE—=Z1Z2BWT, ete HBEROADAIE (1 +cos?d) DX Iz, EPIZEILLT 5
B, I THRE—LDFAMPLE--AETH S,

INLDBEZ, ROEEICET L, REBZTOWE EL

C 2 ODRIFD L VSREET, TNCOHBREOEHEOMRM & HE ;

- ENLOFMAPHER O100um) 2F|ERITOT, c LT N reb i r—Skcerr—7

PREREND ZLEWEEICT 5, HEEHRADEL TOMLEOHIE ;

CEF. 3a-F LT ROV REUHBRTFORR, o0 Yy MithBAITD ;

R OBEF. FEFELTKD) o EIALE-HE ;

U= LFIGE, FERINE RER> OB D LB R

BRI R TR R 2T OV EAICELHEDOERS |

V3= T 4 DOHEIE,

IHHDOWEIR, 72K SADEENICRLZ 2HMRLE,S. SERY ZTHRIEBLEETS
LWL o T ENB, DUTICHRONZEME EOHBRE B[O MO ER . MFOFIIH S
BRI, TAVF-BRLSEHIAIEHELWET HNCER SIS L0, HEERR
RS ShRIER L v HTOHRIZEFRIEFEORETRINE 202w, XZ0OKRE
LTI S BBllEid, EROEFE NN ORBICLEL SNE (BRMARBINENE1T
Hb, ZEZLHABNEFICHVONYEORSRIEINFO VOMEEBERL D 2L DS
PoTH5B) ,, REDOEBEDBIE, #TTOCRT, ZORENFI2—F U THHV, OWRLY
FADIRLEL END,

INSHIROHPENT, BERDLIERITETH LD LD L, £FHERE SILCHELEE
Lo THUTREESN S, TXTOXMEGIEED, TOEETRALZOT, Kb EY L BMEYN
BHEHEOBOTS~DOER (ZIEHE 2525V L /4 F2E0) LmDLATZTHDL LIS
RZb, B, ZOEIE, $ChAAEOERAEREL 52, KT 57010, BEBONIE
NOMI LB BR AR L, VL /4 Fid, BocRcMiEsnh, RE2dhROEKREICDb

T, —§k%¥% 5% 5, ALEPH & DELPHI i3, #nZNL5T L1.2TDBH 4 52 2 BZEI A )L
#Hvs, —%, L3 & OPAL & SLD id, #NRZN0.5T £0.435T L0.6T D F >, LFEOEERD
I NERWS,

Y — A3 FI3EE2.3cm Ty £ L CHRBIZEEI~150mm F TR S M- B L OBHE
HEFIZL s THERTW S, £22C, £2BHE R, EFHEOUTE T EMHICT L2010, FFIE2
m & 3m OMIZIERE NIz, MOBMRRIEE, VI / 1 FEdh b BHYRETL, BEH
WEEEZ D) ImMEO T, FNITHENT, AFO Yy T—%2NET 5720128 1m OEES DN
NO VBB DD, RBIHRHBLOBTOWL I2a—F V2 SHENS5I20.5mILkS N
%o RAFERIE, EEIOmM ORI TH D, MHEBRO—BEOERL, TXTOHITL2HIE
DIEFEZIZX., 10m OBESIIFT 5,

EO#EBIE, TRTOBREBIAELI P TVBLEEXTLEIEEI LV I LERLTVAS,

151



BEL2YHEORMICH LT, HEORERERRBICERT 57012, e OHRAKIEIC L 5%
Eld, BRODIELEEAM LIz KO, FNEFROBRSED FBE L WOV TOIEE
CHELBENS 2 N Tnwh, BRIEE Z NSO, Figl.gloREN TV S,

Forward Chumber A Burrel Muon Chatmbers

Forward RICH Barrel Hudron Culorimeter
Scintillators
Supcreanducting Cuoil

igh Density Projection Chamber

Quter Detevtor

Barrcl RICH

Small ‘Angle Tite Calorimeter

Thne Prajection Chamber

Figure 1.9. Schematic layout of the DELPHI detector with an endcap separated from the barrel.
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