Experimental tests of the Standard Model
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Discovery of W and Z boson
Precision tests of the Z sector
Precision test of the W sector

Radiative corrections and prediction of the
Higgs mass

Higgs searches

Literature for (2):

Precision electroweak measurement on the Z resonance,
Phys. Rept. 427 (2006), hep-ex/0509008.
http://lepewwg.web.cern.ch/LEPEWWG/1/physrep.pdf



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)

$=X%XS mit (x,)~0.12
$ = xq>2s ~0.014s = (65 GeV)?

— Cross section is small !
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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-Schauerzdhler,

6. Myon-Detektor, 7. Spule fir Dipolfeld, 8. und 9. Kleinwinkeldetek-
tor mit Kammern und Kalorimetern, 10. Kompensator-Magnete [ua1].

Fig.8.16:



1.3 Event signature: pg — Z — ff + X g
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1.4 Event signature: pp >W — /v,

Undetected v:
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High-energy lepton:
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P> 1 GeV/e

How can the W mass be reconstructed ?

-

Fig. 16b. The same as picture (a). except that now only particles with pr>1 GeV/c and

W‘—»ev

+ X

W

calorimeters with E,=1 GeV are shown.




W mass measurement

In the W rest frame: In the lab system:
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Jacobian Peak

Assume isotropic decay of the W boson in its CM system:

(Not correct: W boson has spin=1 — decay is not isotropic!)

=const 0 > sing = P = _Pr
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W candidate from the LHC — they still exist!

Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV

ne+) = -0.42

E,ms = 26 GeV
M., =57 GeV

A /
u C_i SWT or ud-—->W"~ Anti-quarks from the sea!




Z also exists at the LHC

ATLAS

EXPERIMENT

Run Number: 154817, Event Number: 968871
Date: 2010-05-09 09:41:40 CEST

M_=89 GeV
Z>ee candidate in 7 TeV collisions

15 E (GeV)
ET (e7)=45GeV

n (€)=0.21

E, (e") = 40GeV
n (e%) =-0.38




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

Standard Model

g, =T, —2Qsin*4, and g, =T,

1 1
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Cross section for e'e” > y/Z —>ff
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Z propagator considering
a finite Z width

With a “little bit” of algebra similar as for M, ....
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One finds for the differential cross section:
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At the Z-pole VsxM, —  Z contribution is dominant
— Interference vanishes

S
(s M§)2 + (Mzrz)2

A o’
3s 16sin* g, cos’ 4,

— 2

ooz + (@22 by + 9y

Ot ¥ 07 =

Forward-backward asymmetry

( A = O — Og
5 =
do 8 o +0
Tcosd ~ (14 cos’ 6) +§AFB cosé with < 1(FO) ;O_
Orpy = | ————-dcosd
. L o(ydCOSE
A -3 HOa OvOa

(@92 +(95)? (9 +(94)?

14



O, =
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Breit-Wigner Resonans
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Cross sections and widths
can be calculated within the
Standard Model if all
parameters are known
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2.2 Measurement of the Z lineshape

z Z Resonance curve:
E; A LO, s
%) priom R | ols)=lex M7 (s—M7)* +MT;
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Peak: Oy = M2 2
2L ] Z Z
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Initial state Bremsstrahlung corrections E,
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Leads to a deformation of the resonance: large (30%) effect ! 16
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Resonance shape is the same, independent of final state: Propagator the same!
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Z line shape parameters (LEP average)

M, = 91.1876+0.0021GeV 123 ppm (9

I, = 24952+0.0023 GeV - +0.09 %

hag  =1.7458+0.0027 GeV

.,  =0.08392+0.00012 GeV 3 leptons are treated

r,  =0.08399+0.00018 GeV independently

FT = (0.08408 + 0.00022 GeV Y, test of |epton
§ universality

r, = 24952+0.0023 GeV

., =1.7444+0.0022 GeV
r

e =0.083985 + 0.000086 GeV |

, Assuming lepton
universality: I'e=T" =1,

(predicted by SM: g, and g,
are the same)

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

http://lepewwqg.web.cern.ch/

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

LEP energy calibration: Hunting for ppm effects

Beam Energy (MeV)

Changes of the circumference of the LEP
ring changes the energy of the electrons
and thus the CM energy (shifts M,) :

» tide effects

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

1 MNovember 17th 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: (L _
ee >Z->vy,

FZ:rhad +3°F€ +NV.FV —) < e+e_%Z%V,U‘7,U

— . Z .
L e'e

invisible : T, | e
[, =0.4990 = 0.0015 GeV Ve T
5 ; 3 v's‘\\ ¢ ALEPH :
To determine the number of light 0L VS O0N el 3
neutrino generations: R N, 2 = OPAL =
P .
N = Liny :(r}nv] (&) 0155 .
| %4 F ]
FV,SM rf exp rV SM 10; i
- T 5[ ]
5.9431+0.0163 ~ 1/1.991x0.001 =
95 96

(small theo. uncertainflgs g5 s 90 o1
from my,, My, S Ns=Em (GeV)

N, = 2.9840 + 0.0082

No room for new physics: Z—new
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