Experimental tests of the Standard Model

Discovery of the W and Z bosons
Precision tests of the Z sector
Precision tests of the W sector
Electro-weak unification at HERA

Radiative corrections and
prediction of the top and Higgs mass

Top discovery at the Tevatron

Higgs searches at the LHC

1. Discovery of the W and Z boson

1983 at CERN SppS accelerator,
Vs=540 GeV, UA-1/2 experiments

1.1 Boson production in pp interactions
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Similar to Drell-Yan: (photon instead of W)
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- Cross section is small !
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Fig.8.16: Seitenansicht des UAl-Detektors zum Nachweis von Proton-Antiproton-
Wechselwirkungen bei 540 GeV Schwerpunktsenergie: 1. Zentraldetektor,
2. und 5. Hadron-Kalorimeter, 3. und 4. Elektron-Photon-Schauerzéihler,
6. Myon-Detektor, 7. Spule fir Dipolfeld, 8. und 9. Kleinwinkeldetek-
tor mit Kammern und Kalorimetern, 10. Kompensator-Magnete [UA1].

1.3 Event signature: pp — Z - ff + X
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1.4 Event signature: pp - W
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Missing momentum
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How can the W mass be reconstructed ?
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W mass measurement

In the W rest frame:
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e Trans. Movement of the W
* Finite W decay width

* W decay is not isotropic
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p:

M,, =80 GeV

In the lab system:

*W system boosted
only along z axis

« p, distribution is conserved
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Carlo Rubbia Simon van der Meer

"for their decisive contributions to the large project, which led to the
discovery of the field particles W and Z, communicators of weak interaction"

S. van der Meer

One of the achievements to allow high-intensity p p collisions, is
stochastic cooling of the p beams before inserting them into SPS.

1.5 Production of Z and W bosons in e*e- annihilation
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2. Precision tests of the Z sector  (LEP and SLC)

2.1 Cross section for e*e™ — y/Z ~ ff  G42M7 o eriment
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At the Z-pole Vs=M
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Standard Model if all
parameters are known

.2 Measurement of the Z lineshape
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e*e” - hadrons
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Z line shape parameters (LEP average)

M, = 91.1876 + 0.0021 GeV
= %23 ppm (%)
r, =2.4952 +0.0023 GeV
+0.09 %
M  =1.7458+0.0027 GeV
Fe =0.08392 + 0.00012 GeV 3 |ept0ns are treated
r,  =0.08399 +0.00018 GeV independently
r, = 0.08408 + 0.00022 GeV test of lepton
universality
r, = 2.4952+0.0023 GeV Assuming lepton
Mae  =1.7444+0.0022 GeV universality: ' =" =",
r = 0.083985 + 0.000086 GeV

e

*) error of the LEP energy determination: +1.7 MeV (19 ppm)

http://lepewwg.web.cern.ch/  (Summer 2005)

Beam Energy (MeV)

LEP energy calibration: Hunting for ppm effects

Changes of the circumference of the LEP
ring changes the energy of the electrons:
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* tide effects

» water level in lake Geneva
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Effect of the French “Train a Grande Vitesse” (TGV)

November [7th 1993
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In conclusion: Measurements at the ppm level are difficult to

perform. Many effects must be considered!

2.3 Number of light neutrino generations

In the Standard Model: . - _
ee -7Z-vpu,

r,=r.+3-r,+N,r, - e'e - Z vy,

o e'e - Z -y,
invisible : T, o

I, =0.4990+0.0015 GeV

To determine the number of light
neutrino generations:

E : I
Nv — inv % 4 % _
I, " » Gy 20

5.9431+0.0163 =1.991+0.001 (small theo. 10
uncertainties from m,,, M,

Ohag (NP
o
o

top

N, = 2.9840 + 0.0082 0f—

No room for new physics: Z - new




4 Forward-backward asymmetry
and fermion couplings to Z

‘erential cross section
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Forward-backward asymmetry

* Away from the resonance AFB is large ete” L Z ,U+,Ll_
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allow the determination of the fermion l
couplings g,and g,

Asymmetries together with cross sections

Confirms lepton universality

Higher order corrections seen




). Precision tests of the W sector (LEP2 and Tevatron)
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W branching ratios

ALEPH e 10.95 + 0.31
DELPHI 3 10.55 + 0.34
L3 a 10,40 0.30
OPAL o 10,40+ 035
LEP W—ev _._ 10.59+ 0.17
ALEPH ? 1111+ 0.29
DELPHI [ 10654 0.7
L3 . 972+ 0.31
OPAL e 10.61+ 0.35
LEP W—pnv _._ 1055+ 0.16
ALEPH i 1057 + 0.38
DELPHI > 11464 043
K | o, 11781 043
OPAL - 1118+ 048
LEP W—stv | o 11.20+ 0.22
LEP W—lv . 10.74 + 0.09 Br(W - qq) =(67.77 £0.28)%
0 M1 12
Br(W—lv) [%] Lepton universality tested to 2%

Invariant W mass recontruction
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Experiment M, [GeV] LEP? —a 80412 + 0.047
ALEPH 60.379+0.058 Average - 80426 +£0.034
DELPHI 80.404 £ 0.074 IR 0311
L3 80.376 £ 0.077 NuTeV —— 80136 +0.084
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ffect of triple gauge coupling
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4. Electro-weak unification, as visible at HERA
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4. Electro-weak unification, as visible at HERA

| electron

electron neutrino
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5. Higher order corrections and the Higgs mass

W /2 sin26yGr

Lowest order a(0)

Including
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radiative
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Top mass prediction from radiative corrections

The measurement of the
radiative corrections:

. 1 o
sz Qeff = Z(l_ gv/gA)

sin® 8, = (1+ Ak)sin® g,

allows an indirect
determination of the
unknown parameters
m, and M,

Top-Quark Mass [GeV]

CDF 176.1+ 6.6 | Direct
measurement
D& 179.0£5.1) of m,
Average 178.0+ 4.3
¥ IDOF 2.6/ 4

132
LEP1/SLD 1726 © 55

123
LEP1/SLD/m,,/T, 18117 %

1‘25 150 175 260
m, [GeV]

Prediction of m by LEP before the
discovery of the top at TEVATRON.

Good agreement between the indirect prediction of m, and the value obtained
in direct measurements confirm the radiative corrections of the SM

Observation of the top quark at TEVATRON (1995)

pp @ 2TeV

q
qeg annihilation (85%)

Top decay

Channel used for mass reconstruction:
m, =m,,,(b-jetW - jet + jet)
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Higgs mass prediction from radiative corrections

Final
A S 0.23099 + 0.00053
A(P.) S 0.23159 + 0.00041
e B 0.2324 +0.0012
Preliminary
A —— 0.23212 + 0.00029
o +—+——  0.23223+0.00081
Average i 0.23150 + 0.00016
102 ¥1dof-105/5
_
>
[0}
g
% {51
®) — 0.02761 +0.00036
E 102 11875 + 00021 GeV
m=1743+5.1 GeV
0,‘23 ﬂéﬂ? 0,2‘34

. o lept
sin’0,; = (1 — gy/g)/4

Awaiting the discovery
of the Higgs at the LHC

-

Status end of 2007 W

6 m, = 14+ GeV
o), -

5 — 0.02758+0.00035 =l

-+ 0.D2749+0 00012

4 - -+ incl. low @° data E

3 = =

2 - =

0 | Excluded \& o Preliminary |
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m,, [GeV]

M, > 114 GeV (from direct searches)

M, < 144 GeV (from EW fits)




