
Search for Search for Supersymmetry Supersymmetry 
in Multiin Multi--tau Final Statestau Final States

at CDFat CDF
-- Challenging to Large Challenging to Large tantanββ --

Teruki Kamon
(Texas A&M University)

For CDF-II Collaboration

Teruki KamonTeruki Kamon
(Texas A&M University)(Texas A&M University)

For CDFFor CDF--II CollaborationII Collaboration
The 12th International Conference on Supersymmetry and 

Unification of Fundamental Interactions
(SUSY 2004)

June 17 to 23, 2004 Tsukuba, Japan



June 21, 2004 Search for SUSY in Multi-tau Final States

OutlineOutline

Why?Why? How?How? Where?Where?
Analyses in progress

Z
RPV stop (tau b)
GMSB 3 tau
…

Summary

Motivation
Supersymmetry

at large tanβ

Lepton+Track Trigger 
and Physics Analysis 
Road Map



June 21, 2004 Search for SUSY in Multi-tau Final States

MotivationMotivation

SUGRA
GMSB

…

FermilabFermilab

BoselabBoselab

Anomaly –
Signature-Based Search?



June 21, 2004 Search for SUSY in Multi-tau Final States

Where to Look for?Where to Look for?

Large tanβ (5-55) by other experimental results

Unique situation in the 3rd generation SUSY 
particles (stau, stop) - They might be lighter than 
other SUSY particles.

Experimentally difficult situation - The final state 
particles in its SUSY particle decay are also 3rd

generation SM particles.
“No Pain, No Gain” “No trigger&ID, No discovery”
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Lepton+Track TriggerLepton+Track Trigger
forfor MultiMulti--ττ Final StatesFinal States
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Physics Analysis Road MapPhysics Analysis Road Map
using LT Triggerusing LT Trigger
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ZZ SelectionSelection
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Electron ET > 10 GeV + τh pT > 15 GeV/c

γγ+jets+jets
& QCD& QCD
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Events passing e ID and
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First CrossFirst Cross--Section Section 
Measurement onMeasurement on ZZ ττ ττ

cuts) topology(after 
events   50  hdata ττ eN =

1.6(syst)7.7(stat)  38.9  )( h ±±=→ ττ eZN

pb 15(lumi)26(syst)48(stat)  242  )( h ±±±=→ ττσ eZ

c.f.)c.f.) pb 15.2(lumi)4.6(syst)3.3(stat)  254.9  )( ; pb 251  )( CDFNNLO ±±±=→=→ llll ZZ σσ

Next step: Full analysis with 200 Next step: Full analysis with 200 pbpb--11 including including muon muon channelchannel
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RRpp Violation (RPV) StopViolation (RPV) Stop

NOTE: λ, λ’, λ”, η couplings are assumed to
smaller than the SM gauge couplings

e.g., λ’
333L3Q3D3

τ

b

λ’
333

t∼

ν t
b

τ b

ET(l) > 10 GeV + pT (τh) > 15 GeV/c
+ >2 jets + MT (l,ET) + ΣpT(l,τh,ET)
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Run 1Run 1 Run 2Run 2

CDF Run 1 Result (PRL Vol.92, No.5)

µµ

ee

Run 1Run 1
Incl. lepton[8 GeV] trigger: 

Prescaled, |ηe| < 1, |ηµ| < 0.6

vs.
Run 2Run 2
Lepton[8 GeV]+Track[5 GeV]:

w/o Prescale for both e and µ
in |η| < 1

AA((ee) ~ ) ~ AA((µµ))

Improvement in Run 2Improvement in Run 2
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SSΤΤ = = ΣΣppTT((ℓℓ,,ττhh,,EETT))

Optimization of Optimization of SSTT after after NNjj >>2 cut2 cut
to reduce to reduce ZZ ’’s and QCD (LS data) s and QCD (LS data) 
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Summary:Summary:
AA((ee) ~ ) ~ AA((µµ) ) 

++
σσ(stop): (stop): xx1.21.2
LL = 106 = 106 200 200 pbpb--11; ; 
SSTT = 75 = 75 100 GeV/100 GeV/cc

Scaling from Run 1Scaling from Run 1

NNsignalsignal: : xx0.6(0.6(ee), ), xx0.8(0.8(µµ))
NNBG      BG      : : xx0.2(0.2(ee), ), xx0.4(0.4(µµ))

[ N[ NBGBG < 1 ]< 1 ]

Run 2 Simulation

SSTT (GeV/(GeV/cc))

ZZ

SSTT (GeV/(GeV/cc))

Run 1 Data

11 t~t~
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Run 1Run 1 Run 2Run 2

Improvement in Run 2Improvement in Run 2

CDF Run 1 Result (PRL Vol.92, No.5)

µµ

ee
ee&&µµ

Next step: Finalize the BG estimate and then open the box Next step: Finalize the BG estimate and then open the box ……
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Final state: 
e(10 GeV)+τh(15 GeV)+track(5 GeV)

+ET(20 GeV)
Or

µ(8 GeV)+τh(15 GeV)+track(5 GeV)
+ET(20 GeV)

Experimental SignatureExperimental SignatureLSP   : G (M(G) ~ 1 eV/c2)

NLSP: τ1 ( → τ G)
TE/+τ3

~
~ ~

~

χ2
0 → χ10Z0 (or h) is suppressed 

by M(χ2
0) − M(χ1

0) < M(Z0 or h)
χ2

0 → χ1
0γ is suppressed by χ1

0 is 
Photino-like and χ2

0 is Zino-like. 
χ2

0 → τ1τ is dominant mode. 

~ ~
~~

~ ~ ~
~

~~

~

GMSB at Large GMSB at Large tantanββ

Existing Limit (LEP2 slepton production): 
M(τ1) > 86.9 GeV/c2 (95% C.L.)~
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First Exercise:First Exercise:
Total Event AcceptanceTotal Event Acceptance

Case I Case II
Λ 32 TeV 68 TeV

BR(χ1
+ → τ1ν) 0.998 0.999

BR(χ2
0 → τ1τ ) 0.843 0.960

NLO Cross Section [fb] 200 119

events @750 pb-1 (NLO) 3.4 3.2
Total Event Acceptance 2.68+0.05% 3.70+0.06%

Mmess 15Λ 2Λ
tanβ, nm 20, 2 34, 1

M(τ1) [GeV/c2] 73.1 90.1
M(χ1

+), M(χ2
0)  [GeV/c2] 146, 146 170, 170

~

~ ~

~ ~

~~

High tau reconstruction High tau reconstruction 
efficiency between 15 efficiency between 15 
and 25 GeV is crucial and 25 GeV is crucial ……

Next step: Study tau reconstruction  between 15 and 25 GeV; Next step: Study tau reconstruction  between 15 and 25 GeV; 
add add lll lll modemode

GeV20
rdrd

/ )track,3,()track,3,( >/⋅⋅=
TEhlIDhlkinegeomtotal ττττA εεε
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First Look at BG: First Look at BG: WW+2jets+2jets

•HT -like cut? 
Study in progress.

•Studying Higgsino
case where lighter 
chargino for a given 
stau mass.

33rdrd track ID =track ID =
consistent withconsistent with
tracks fromtracks from
ττ decaydecay

~30 ~30 eventsevents

Excluding events in 
regions A and B, and 
requiring a 3rd track 
ID to reduce W+jets 
events. 
(See the left plots.)

~200 ~200 eventsevents

Case IICase II
2 2 eventsevents
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SummarySummary

Lepton+Track (LT) trigger:Lepton+Track (LT) trigger: Effectively accumulating 
multi-tau final state events
ZZ(( ττττ):): First cross-section measurement at hadron
collider with 200 pb–1 for publication and calibration
RPV stop (200 RPV stop (200 pbpb––11):): to understand ττbb final state
SignatureSignature--based searchesbased searches as well as testing variousas well as testing various
models:models:

GMSB 3 tau’s (750 pb–1)
SUGRA (> 1 fb–1)
bb+Higgs( ττ) (> 1 fb–1)
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