Standard Model

Electroweak physics with W
bosons

Outline

* Introduction to facilities:
— Tevatron
» Tests of the Standard Model:
— W production
— W mass
— W width

» What this tells us about the Higgs mass




Tevatron

» Proton anti-proton
collider

« 2 experiments
« Vs =1.8TeV
— 1992-1996
— 110 pb
« Vs =1.96 TeV

— 2001—2009
— currently ~ 1 fb-

W production in e+e- colliders

LEP produced W+W- pairs when CM energy > 2M(W)
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W+W- production
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W+W- production

Cross-section would blow
up if no triple gauge
coupling contributions

—_—

Proof of non-abelian
nature of SM (ie. self
couplings possible)

i.e. ZWW vertex exists

No evidence yet for non-SM
TGC (measured at LEP,
Tevatron)

Preliminary

—— RacoonWW / YFSWW 1.14
no ZWW vertex (Gentle 2.1)
only v, exchange (Gentle 2.1)
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W production in pp colliders

W bosons typically produced in conjunction with jets
at the Tevatron, eg.

W production dependent on u,d quark pdfs (as c,s
quark content of proton small)

ud—->W++g or g+q—q+W

W mass @ LEP
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W mass @ LEP

1. At threshold of
W+W- production

Cross-section changes
rapidly with mass

Measure cross-
section, extract
mass
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Cross-section most sensitive to mass at Vs = 161 GeV

W mass @ LEP

2. By direct reconstruction

*  W+W- produced above
threshold .. More stats,
higher c.

W— jets, W—lv
» Missing neutrino.

+ Impose LE =+s, Zp = 0,
kinematic fit to extract M,y

W jets, W—jets

+ Kinematic fit to extract M,
BUT systematics from BE
correlations, colour
reconnection
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W mass @ LEP

W bosons decay
within 1fm
~hadronisation
distance

¥.Z

Gluon
exchange
between q
from W decay

~ 40 MeV Colour

Reconnection

W mass @ Tevatron

Do not know CM energy (pp)

Cannot use W—jets (background
too high)

Reconstruct W—lv (I=e or p)

Use transverse mass My , v
direction given by missing
momentum vector

M:2 = 2|p+,|psl,(1-cosAd,)

Extract M, by likelihood fit to MC
M, templates generated at
different M,
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W mass results

W-Boson Mass [GeV]

pp-colliders e— B0.454 1 0.03

direct
LEP2 —a— 80.412 +0.04

Average == 80.426 + 0.03

¥DoF: 03 /1

NuTeV P 80.136 + 0.08
LEP1/SLD/r‘I’1t A= 80.378 + 0.03

T T T T
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My [GeV]

W width

Iy = GeM,,3/6vV2r

« Fit indirectly

theory

measure

. R GW.Br(W—>Iv)_
"~ 0, Brz-l)

(Z—I) Ty

o Fit directly extract
— Upper part of My spectrum sensitive to I'y, (PP)
— Measure from fully reconstructed decays (e*e)




W width results

W-Boson Width [GeV]

pp-colliders ———e4—— 2.115+0.1¢C
direct
Average — 2.139 + 0.0€
#/DoF: 0.1/ 1
pp indirect A 2171 £ 0.08
LEP1/SLD A 2.092 £ 0.0C indirect
LEP1/SLD/m, A 2.092 +0.0C
2 22 24
I, [GeV]

Constraints on Higgs mass

« Given measurement of My, + top mass, more
stringent limits on Higgs mass are possible
through SM relations
— W mass depends quadratically on top mass
— W mass depends logarithmically on Higgs mass

. H
: W

o m? o In(my,)




Constraints on Higgs mass
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Constraints on Higgs mass
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Review

« Standard Model predictions can be tested
with W* bosons

— W production (non-abelian nature of weak
interaction proved at LEP)

— W mass (fundamental parameter — related to
sin® By)
— W width (related to M)
» What this tells us about the Higgs mass
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