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Top-quark physics
Top-quark isalready discovered
... holonger ‘search’ physics
It also has potential to search new physics

Mo, = 175 GeV ... Uniquely heavy
[ =14GeV ... Decaysvery fast

NL C isexcellent and much cleaner placetodo it
...than LHC!!



Top-quark anomalous coupling analysis

Top-quark decays before forming a hadron
- Top spin information istransferred to itsdaughters
-> can probethe couplings
with their angular distributions

At NLC, we can probe both top-production + decay couplings
t

. 0
production --Y/Z---®< < can'tdoat LHC!

t



@ @ . Form Factors

Form Factorsat y/Zo>t Tvertex: Q)
IM = {y[ Fav + Fia YslHowa,/2m[ Fo, + Fop Yel}
SM(Z): (1/4-sinB,,)/sinB,,cosB,, (-1/4)/sinB,,cosh,, 0 0
(Y): 2/3 0 0 0

~.,. Electroweak M agnetic Dipole moment
o Electric Dipole moment .. Non-zero 995

Form Factorsat t=>b W vertex:
= igV2{WF, WP+ F RV Pg] +iowvg,/2m[F, W P+ FrV Pgl}
SM: 1 0 0 0



Signal of t t production
... 2b’'sand 2W'’s

Depending on the W decay, there are 3 final states.

1) 2
2) 1

eptons + 2 jets (both leptonic)
epton + 4jets (1 leptonic 1 hadronic)

3)6)

ets (both hadronic)



Herewe definethe angles

Top decay angle W decay angle
t W | or d-type quark

We want to measur e these angles

Which oneist or t ? ... use charge of thelepton

4-momentum of the leptonic decayed top-quark
... from the opposite top-quark



In thisanalysis, weuse tt-4jets+ 1lepton (L or €

Generatett events with Pandora-Pythia

m, = 175 GeV, E,, = 500 GeV
Including QCD effect(parton shower), | SR+beamstrahlung

Beam polarization...

1) P(e)=-08 P(e)=0 o, = /42fb

2) No polarization 565 fb

3) P(e) =+0.8 P(e")=0 398 fb

4) P(e) =-0.8 P(e") =+0.5 1078 fb
=2 P, =0.93

» Generate 100 fbt each ... Through LCD Fast Detector smulator

* Reconstruct 4 jets by Jet-clustering (JADE)
... use charged tracks + Neutral clusters
(charged/neutral cluster separation .. Perfect)
* Reconstruct W by 2 jets
* Reconstruct Top by W + b-jet (Apply 0.85 < B/ Epean < 1.05)



Flavor-tagging

Totag b-quark, we use mass-tag method %
b

1. Reconstruct Secondary Vertex

2. Form 'Pr-corrected mass of SV
pTVtX

Moor. =J(Mys+Pr(?) + [Pr™

PVtX
SV

= =
e |p €

3. ldentify heavy-quark signals with M o



Flavor tagging

heavy-quark uds-quark
_ b
1200: - c
1000_ - UdS
P, corrected mass(GeV) # of significant tracks in jet
b : P;corrected mass> 1.8 GeV |
efficiency = 67% purity = 95% uds:Nsg=0
c+b: P; corrected mass>0.5Gey ~ Sficiency =87%  purity = 79%

efficiency = 67% purity = 97%



Reconstructed W with 2 jets
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Reconstructed top with 3 jets
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Selection efficiency::
Event selection € = 60%

Top selection 50%
Flavor-tag 6/%
Total 20%

Top-reconstruction performance::
purity 88% (80% without flavor-tag)
correct b-assign 86% (53%)
Massresolution 7.6 GeV (10.0 GeV)
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Preliminary sensitivitiesto the couplings (y/z t t vertex)

1) F1,44Y=~> Maximum Likelihood method
2) Fioy“Y> L/IR asymmetry

1) Sensitivitiesto F,,,4Yfor 100 fbt (68% CL)
Fi¥  FiaZ  FolY Fou?

P(e)=-0.8 0.011 0.013 0.016 0.049
Ple)=-08P(")=+05 0.009 0.011 0.021 0.033
No polarization 0.011 0.014 0.013 0.059
P(e-) = +0.8 0.011 0.015 0.014 0.052

- positron polarization isuseful (~20% effect)

2) Sensitivitiesto F, ,,4Yusing L/R asymmetry (200 fb)
A r=(0.335+£0.017)/0.8 (for |Pe|=0.8)
2> F,Y 10047 F,4:0.012
F,Y 0038 F,,4:0.009



P(e) =-0.8

1) Without ISR, Beamstlahlung, parton-shower

2). With ..

3) With .. + Energy Flow (detector LD)
1) 2) 3)

Top efficiency 24% 20% 14%

Top purity 90% 87% 86%

Am,, 5.8GeV 7.6GeV 94 GeV

AO l4mrad 23mrad 39 mrad

—4Y sensitivity  0.010 0.011 0.012
z 0.012 0.013 0.015
Y 0.012 0.016 0.018
z 0.039 0.049 0.058




Summary

Weestimate very preliminary sensitivities (real parts)
1) From Maximum Likelihood analysis (100 fb1)
F,.Y ~001 F,,4~0.01 F,,Y ~0.02 F,,4~0.05
2) From L/R asymmetry (100+100 fb-1)
F,Y ~005 F,4~0.01 F,,Y ~0.04 F,,4~0.01
Positron polarization isuseful (P=0.5 ~20% effect)

| SR, beamstrahlung, parton-showering
... Inflateerror by 10-30%

Perfect Energy-Flow - Realistic analysis
... Inflate error by 10-20%

Futureplan
1) tt-> 6 jetsanalysis

top-quark sign.. determined by vertex charge of b-jet
2) Kinematical constraint fit



How totagt or t-bar??
Using Vertex charge of b-j e,

weknowborb > tort!
(Vertex Charge ... Charge sum of the reconstructed Secondary Vertex)

b-quark s b-bar-quark v b
Nent = 8028 Nent = 8020
4000+ Mean =-0.3332 4000 Mean =0.32
| RMS =0.7901 | RMS =0.77
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Vertex Charge

Requireat least 1 b-jet hasVertex Charge# 0
- Wecan determinet or t with purity 83%
effictency 57/%



