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Where We Search

399 “standard” CDF 
final states 

+
180 “standard” D0 
leptonic final states 

+
many additional standard 

and non-standard 
final states
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Tools of Discovery
• Tevatron: 1.96 TeV pp collisions

– World’s highest energy pp collider
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Tevatron Luminosity
• World’s highest intensity hadron collider

• Peak luminosity: 1.5 pb-1 / hour
• Integrated delivered luminosity: 10 fb-1 / experiment
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The End of the Line
• Tevatron Run II: Mar 2001 - Sep 2011

– 12 fb-1 of delivered luminosity/experiment
– About 9 fb-1 available for analysis

• Tevatron “Run III”
– Increases delivered luminosity per 

experiment to 18 fb-1

– Guarantees 3σ SM Higgs evidence
– Confirms evidence for new physics
– Requires additional $35 million/yr x 3 yrs
– Department of energy: insufficient funds 

Fraction of SM Higgs 
mass region with >3σ 

significance
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Tevatron Legacy
• First evidence of new physics (?)

– Dimuon charge asymmetry
– sin 2βs

– tt forward-backward asymmetry
– SM Higgs + mt + mW

• Benchmarks for the LHC
– Supersymmetry
– New gauge bosons

• Unique sensitivity (?)
– Corners of SUSY phase space
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First Evidence of New Physics?
1) Dimuon Charge Asymmetry

– Measure asymmetry between + and - muon pairs
A = (N++ - N--) / (N++ + N--)

Only SM source of asymmetry: semileptonic b decay 
– Due to CP violation in Bd and Bs decays (B0 ↔ B0)

Ab = (-2.3+0.5-0.6) x 10-4

aq = (ΔΓq / ΔMq) tanϕq

Derived from individual asymmetries:

ad = -4.8+1.0-1.2 × 10-4 as = (2.1 ± 0.6) × 10-5
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Dimuon Charge Asymmetry
• Measurement procedure

– Reverse magnet polarities to reduce efficiency asymmetry
– Measure background asymmetries with data

– Measure inclusive muon asymmetry to exploit common 
background systematic uncertainties

ϕ0K0*

K+(➝µ+) - K-(➝µ-)
K+(➝µ+) - K-(➝µ-)

a = (N+ - N-) / (N+ + N-)
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Dimuon Charge Asymmetry
• Individual results

– Inclusive asymmetry: Ab  = 0.0094 ± 0.0112 ± 0.0214
– Dimuon asymmetry: Ab  = -0.00736 ± 0.00266 ± 0.00305

• Improve precision by combining uncorrected results
– A’ = A - αa

– Combined asymmetry: Ab  = -0.00957 ± 0.00251 ± 0.00146
• 3.2σ from SM expectation
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Dimuon Charge Asymmetry
• Assuming discrepancy is due to B decays, can compare to 

existing measurements of ad and as

– Ab  = (0.506 ± 0.043)ad + (0.494 ± 0.043)as

• Can further constrain Bd contribution 
using combined experimental value 
ad = -0.0047 ± 0.0046 
– Then as  = -0.0146 ± 0.0075
– Can use this to extract CP-

violating phase ϕs (= -2βs)

G. Borissov, B. Hoeneisen & D0 Collaboration
Phys. Rev. D82, 032001 (2010); 

Phys. Rev. Lett. 105, 081801 (2010) 
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First Evidence of New Physics?
2) sin 2βs

– CP-violating phase comes from unitarity triangle built 
from 2nd and 3rd columns of CKM matrix

12

Measure using decays to J/ψφ
– CP violation due to interference between decays 

with and without mixing
– J/ψφ not a CP eigenstate
– Separate polarizations using angular distributions

Not 
SM

(= 0.02 in SM)

βs
λ4

λ2

λ2
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sin 2βs

• 2008: CDF & D0 observe nearly 2σ 
discrepancy with respect to SM
– UTfit Collaboration combined with other data: “This is a 

first evidence of physics beyond the Standard Model”

13

UTfit Collaboration
PMC Physics A3, 6 (2009)

Tevatron combination: 
A little more than 2σ deviation from SM
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sin 2βs

• D0 combined the dimuon asymmetry and the 
Bs ➝ J/ψφ measurements of φs

– Results are consistent & deviate by >2σ from SM

14
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sin 2βs

• Updated D0 measurement with 6.1 fb-1 uses 3435 
Bs ➝ J/ψφ candidates

15

Improved consistency with SM
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sin 2βs

• Updated CDF measurement with 5.2 fb-1 uses 
6500 Bs ➝ J/ψφ candidates

16

Improved consistency with SM
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First Evidence of New Physics?
3) tt Forward-Backward Asymmetry

– Measure asymmetry between top quarks produced 
toward and opposite to the proton direction

17

SM source of asymmetry: higher order interference 
– Interference between LO and box diagram (+)
– Interference between ISR & FSR (-)

Afb = (Nf - Nb) / (Nf + Nb)



26 January, 2011 C. Hays, Oxford University

tt Forward-Backward Asymmetry
• D0 presents 

observed Δy 
distribution and Afb

– Solve for neutrino 
rapidity using mW 
and mt

– Using 1137 
candidate events, 
D0 measures: 

– Nearly 2σ 
deviation from SM

18

Afb = 0.08 ± 0.04 ± 0.01
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tt Forward-Backward Asymmetry
• CDF measures the asymmetry in Δy and unfolds 

to parton level

19

Parton AttSM = 0.058 ± 0.009: Nearly 1.5σ deviation from SM
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tt Forward-Backward Asymmetry
• CDF measures asymmetry as a function of mtt

– For mtt > 450 GeV, measured Att 3σ larger than SM

20
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tt Forward-Backward Asymmetry
• Possible theoretical issues

– Mass dependence underestimated?
– LO + box interference effect underestimated?

21

CDF Collaboration, arXiv:1101.0034
submitted to Phys. Rev. D 

MCFM
Data - MC@NLO

inclusive
4-jet
5-jet

MC@NLO

Data
0.169 ± 0.049
0.182 ± 0.058
0.126 ± 0.094
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First Evidence of New Physics?
4) SM Higgs + mt + mW

– First evidence might come from an exclusion
• D0 & CDF will directly exclude the SM Higgs for mH < 180 

GeV if it does not exist
• Measurements of mW and mt (and other electroweak data) 

exclude mH > 158 GeV 

22
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The LHC Era
• Expect most (all?) new physics searches to be superseded 

by the LHC
– Limits provide benchmarks by which to measure LHC progress
– Strong production:

23

Search Tevatron LHC
Dijets mq* > 0.87 TeV (CDF) mq* > 1.58 TeV (CMS)

Jets + pT mg > 0.42 TeV (CDF/D0) mg > 0.65 TeV (CMS)
Leptons + jets mLQ1 > 0.30 TeV (D0) mLQ1 > 0.39 TeV (CMS)

Leptons + jets + pT mb’ > 0.34 TeV (CDF) mb’ > 0.36 TeV (CMS)
c-jets + pT mstop > 0.18 TeV (CDF) -
b-jets + pT msbottom > 0.25 TeV (D0) -

Long-lived particles mstop > 0.25 TeV (CDF) mstop > 0.20 TeV (CMS)

~ ~
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The LHC Era
• LHC also superseding Tevatron in weak production

– Will overtake in all standard searches by long shutdown
– Weak production:

24

Search Tevatron LHC
Lepton + pT mW’ > 1.12 TeV (CDF) mW’ > 1.36 TeV (CMS)
Dileptons mz’ > 1.07 TeV (CDF) mZ’ > 1.14 TeV (CMS)

Diphotons + pT R-1 > 0.48 TeV (D0) R-1 > 0.73 TeV (ATLAS)
Ditau mz’ > 0.40 TeV (CDF) -

Trileptons + pT mχ± > 0.13 TeV (D0) -

Four leptons mG > 0.49 TeV (CDF) -

LHC still to demonstrate sensitivity with jet tagging & taus
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Unique Sensitivity?
• Are there analyses where the Tevatron still has sensitivity 

and the LHC might not?
– LHC might have difficulty identifying soft leptons or jets 

• Experiments have demonstrated ability to identify soft 
electrons and muons in clean environment

• Can recover sensitivity with boosted events

– May motivate Tevatron searches in parameter space of 
small mass differences between new particles

• e.g., small difference in stau & neutralino masses resulting in 
soft tau leptons

• Still opportunity for discovery?

– Other processes at low Q2 and qq initial state?

25
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Unique Sensitivity?
• Squark to chargino / NLSP + quark

– Chargino / NLSP decays dominantly to 
stau at high tanβ 

– Final state of 2 jets + tau + pT

• Gluino to sbottom + bottom
– Optimize for large and small mass 

differences between gluino and sbottom

• Chargino + Neutralino production
– Include final states with two taus to allow 

for decay through staus
– Gap in sensitivity when leptons are too soft

26
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Summary
Tevatron search legacy will include a sizable chunk of 

probed parameter space (+ first evidence of new physics?) 

Lack of “Run III” a loss for the field

Need LHC to work harder to 
maximize overlap with the Tevatron

Need Tevatron to work harder to 
recover sensitivity and fill in the cracks

Eventually: the work will pay off!
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