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Where Do We Stand ? 
W Mass
Top Mass
Other Precision Measurements
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EWSB : Big Picture
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SU(2)
L
 ⊗ U(1)

Y

Why are M
W

 and M
Z
 O(100) GeV , yet M

γ
 = 0 ?

SM : spontaneous symmetry breaking via the Higgs mechanism.

Precision measurements to confirm this picture.
Indirect determination of M

H
 through loop effects.

Direct searches for the quanta of the Higgs 
field.
Discover the means by which the Higgs 
mass is stabilised :
Supersymmetry
Extra-dimensions, etc.

Other agents for EWSB.



Passing the Torch
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Linear Collider

µ-collider
...

HERA
Low energy expts.

Tevatron LHCLEP/SLD



Tevatron Enters its Stride
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The Tevatron now routinely delivers 
to both CDF  & D0 :

Integrated per experiment 
(~800 pb-1) data on tape :

N(Z→l+l−)
TEVATRON

  >  N(W)
LEP

N(W→lν)
TEVATRON

  >  N(Z)
LEP

  

5000 tt

400  WW→l+νl−ν  (l = e,µ)



W Mass Measurement
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pp→W+X

−+−+ → WWee 



W Mass @ LEP-II

WIN'05



W Mass @ Hadron Colliders
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85 (140)105 (110)Total
50 (100)45 (65)Statistics
30 (30)30 (30)Production & decay model
20 (25)20 (5)Background
50 (35)50 (37)Recoil E scale and resolution
30 (87)70 (80)Lepton E scale, p resolution

W
� µν (Run 1b)W

�

eν (Run 1b)Source of uncertainty (MeV)

Difficult :
limited Z→l+l− statistics to set 
energy scale – have to use low 
mass resonances and detailed 
physics knowledge.
production uncertainties : recoil, 
PDF's etc.

CDF & D0 combined with 2 fb−1:∆M
W

 = 30 MeV

LHC : 15-25 MeV ???

CDF 200 pb-1 :
76 MeV (e+µ)
Better than Run 1
Most errors still 
scaling statistically.
World's best single 
measurement with 
data on tape.



W Mass @ HERA
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Standard Model consistency test at   
q2 ≈ − M

W

2



Top Mass Measurement
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Run I World Average  (~110pb-1)

Lepton + jets channel most sensitive.
Major uncertainties :

jet energy scale
production & decay modelling
backgrounds

m
t
 = 178.0 ±  4.3 GeV/c2



Top Mass Measurement : New Ideas

10Electroweak Symmetry BreakingWIN'05

e
ν

jet
jet mjj(W)

Jet Energy Scale
Impose W mass constraint and fit for an 
in-situ jet energy scale determination.
20% improvement in JES systematic.

ISR/FSR :
Use collider data itself (DY) to define 
range of parameter variation.

µ+

µ-

log(m2)

mt
2



Top Mass Measurement : New Results
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LHC :
R(tt) ≈ 1 Hz @ low luminosity.
Will still require detailed understanding of 
jet energy scales, but many cross-checks 
possible with high statistics. 

NEW MAY'05
Best single 
measurement.

More precise than 
former WA.

∆m
top

 ≈ 1 GeV seems feasible.

Precision measurements of top 
properties.



Precision Measurements : Asymmetries
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Prob=3.7%

Historical difference between
ALR(l) SLD and  AFB(b) LEP

FINAL RESULT

now 3.2 �



Precision Measurements : Branching Ratios

13Electroweak Symmetry BreakingWIN'05

0.0141.039

0.0151.036

0.0100.997 

e

e

±=
±=

±=

µτ

τ

µ

gg

gg

gg

Direct test of W lepton universality 
at the 1% precision level 

0.0281.075 ))/Br(WBr(W

0.0291.069 )e)/Br(WBr(W

0.0210.994 )e)/Br(WBr(W

±=→→
±=→→
±=→→

µντν
ντν
νµν

tau  BR is three sigmas larger than e/mu !



NC Couplings
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FB

DIS data lifts e+e− degeneracy.
Tevatron A

FB
 does similar.



Light Higgs Searches
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H

W
Wq

q'
b

b

l

ν

Z(→νν)H(→bb) also being analysed.

Still some work required to reach 
anticipated sensitivity.

Low mass : H→bb dominates.

Production in association with gauge 
bosons provides distinctive signatures 
but with much smaller cross-sections.
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High mass : H→WW dominates.

Take advantage of largest σ
PROD

 : gg→H

Direct WW production a serious 
background.

Use scalar decay spin correlations to 
separate signal from background.

Heavy Higgs Searches



17Electroweak Symmetry BreakingWIN'05

MSSM : enhanced φbb coupling can 
give large production cross-sections.

Decay predominantly to bb, τ+τ−. 

BSM Higgs Searches

Cross-checks



CMS
60 fb-1

Higgs Searches @ LHC
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So, what's new ?

Many studies being re-done with improved 
understanding of :

signal & background   (k-factors)
detector performance (full GEANT 
simulations)

Renewed emphasis on VBF; utilising the 
colour structure of the events to suppress 
backgrounds.

ALPGEN updates ⇒
Tests using Tevatron (VB+n-jet) data

φ
η

Forward        
tagging jets

Higgs   
Decay

Jet

Jet



TEVATRON

Supersymmetry
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Solves hierarchy problem.
Natural dark matter candidate (R

P
)

Gauge coupling unification.
... 

124 parameters in MSSM
Concentrate on a few schemes; and 
parameter sets within those  schemes.

⊗ branching ratios
⊗ soft spectra
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Multi-lepton Signatures

Search for trileptons & like-sign 
dileptons.

Very careful control of backgrounds 
required.

Chargino mass limits in the range 115-
130 GeV for large branching ratio 
mSUGRA scenarios.

Significantly extending LEP limits.
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Squark/Gluino Searches

Jets + MET

Extended mSUGRA LEP limits 

 4j(gg): M0 = 500 GeV : M(g) > 233 GeV 

 3j(gq): M(g) = M(q) : M(q) > 333 GeV

 2j(qq): M0 = 25 GeV : M(q) > 318 GeV

~~ ~
~~
~~

~
~~

175

325

250

�

Pt
jet

(GeV)

75 

100 

175

MET

(GeV)

109.3± 0.54 jets(60,40,30,25)

56.1± 3.13 jets(60,40,25)

2 jets(60,50)

#jets(PT (GeV))

1212.8± 5.4

OBSBkg. 
Expected



R
P
 SUSY
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LSP no longer necessarily stable : loose 
dark matter candidate.
Sparticles can be singly produced.
HERA :

Msquarks

M
sle

pt
on

s

s-c
ha

nn
el
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ua

rk
 pr

od
uc

tio
n

t-channel
slepton exchange

e

q

~q

M
SQUARK

 > 275 GeV excluded for EM strength coupling. Similar limits for stop.

Highly complementary to Tevatron.



SUSY @ LHC
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Recent progress :

Inclusive signatures.
Fully include tau decay channels.
Mass reconstruction in cascade 
decays.
Determination of new particle 
properties.

“SUSY Scale” Variable :

∑
=

+=
4

1
,

i
iT

miss
T

sum
T pEE

sum
TE

SM background

SUSY (700 GeV)

Warning: 
model dependent plot!



SUSY @ LHC
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Lq~ L
0
2 qχ

  
~ �� ±

R

±0
1χ

)( qlM +

SUSY spin determination.
Make use of spin correlations in decay of squark :

[Barr, ATLAS]

qlql −+  and 

qlql +−  and 

no spin 
correlations

Measure asymmetry between dσ(l+q)/dm and dσ(l−q)/dm.

Exploit fact that σ(pp→q) > σ(pp→q) .
Visible asymmetry at high L (~500/fb)

~ ~



¬ SUSY
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ee

�

Ldt = 200 pb-1ee

Z’SM 600 GeV



¬ SUSY
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e.g. extra-dimensions

RS : KK excitations of graviton. 

Also :

A
FB

Interference effects.
Monojets.

Interesting part of theory 
parameter space can be 
ruled out with 100/fb.



In a Lab Far Far Away .... 

27Electroweak Symmetry BreakingWIN'05

p π → µ

targetproton 
driver
(a few MW)

proton 
linac

pion 
decay

muon 
cooling

muon acceleration
(up to 0.1 - 3 TeV) detectorstorage 

ring

µ+

µ-

Physics :

Higgs mass to 1 part in 106

Direct measurement of Γ(H)
Resolve degenerate Higgses

Recent progress : new cooling ideas.

Helical rather than ring cooling 
combines ionisation cooling with 
emittance exchange to provide 
“6D” cooling.



Outlook
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WIN'07 :

New era of precision 
measurements.

Higgs discovery :

SM (unlikely)

BSM ???  A decent shot.

Tevatron will still be doubling 
its luminosity annually – very 
interesting for searches.

LHC activities ramping up.

Clearer ideas for the next 
experimental steps. 
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