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Why top-quark?

e Electroweak triangle
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Why top-quark?

® Electroweak triangle

Equivalence
Theorem

Error ~ 0.001 !!!
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Top-quark pair plus missing energy

e Typical collider signature 1n several NP models

» Minimal
Supersymmetric
extension of the
Standard Model
(MSSM)

spin 0

» Little Higgs Model
with T-parity
(LHT)

» Universal Extra

Dimension Model
(UED)

spin 1/2
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Our goal

® 1s to find a method to measure top-quark polarization
without reconstructing top-quark kinematics.

® Advantages of our method:

v It is sensitive to the top-quark polarization.
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Top quark 1s very special

® Large mass: 173 GeV ~VEV (246GeV) y: ~ O(1)
e Short lifetime:

W—I—
& b
Top Y :
| | 1 i
el — hadronization
my T Aqcp
Sis-eilil el baalilcsi s adia 3x 10 g

® “bare” quark:

spin info well kept among
its decay products
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Measuring f-polarization

® Traditional method of measuring top-polarization 1s through the
angle between the charged lepton and top-quark spin.

a) left-handed top (b) right-handed top
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The charged-lepton tends to fol/low
the top-quark spin direction.
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Charged lepton distribution

® In the rest frame of the top-quark

dl’ oz%vmt
— 1 — x)Arct
dxd cos 6 327 AB z( z)Arctan

Ax | 1+ s;cosf

B —x 2

r = 2FE,/my

A+ = + right-handed
— left-handed

o
|

4 )
Top-quark momentum
has to be known.
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Top-quark reconstruction

® The charged leptons produced always 1n association
with an invisible neutrino

ph =Fr(x) py=FEr(y) m,=0

p” unknown

® JV/-boson on-shell condition

2
m%/[/ = (pﬁ —I_pl/)

- 2(;6 E {Api s Ee\/A2 — 4 (p%)? E?r}

T

A=m2, + 255 B
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Difficulty in t¢t + Fr events

e [t is impossible to reconstruct a top-quark in the leptonic-decay mode.

Angular distribution of the charged-lepton cannot be used.
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and spins of 7 and Az are unknown.
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Charged lepton distribution

® In the rest frame of the top-quark

dl’ oz%v my

Ax |1 0
= (1 — x)Arctan . 51 €08

drdcosf 32w AB

A+ = + right-handed
A; = — left-handed

The energy and angle are
correlated once top 1s boosted.
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Lepton energy and top-quark polarization

* Lepton energy distribution 1s sensitive to top quark polarization.
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Lepton energy and top-quark polarization

® Define a variable R to quantify the difference betweentr and tr

Area(z, < x.)

Rlze) = Area(tot)

= Area(xy < x.)

—E,= 250GeV(t)
--- E,= 250GeV (¢ )
—E,= 500GeV (t)
-~ E,= 500GeV(t)
— E,=1000GeV (¢ )

1/T dl'/dx

—-- E,=1000GeV (t )
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R distribution

s =R 3zc(1 — Ar)
Riz.) = SR ) 3\z(1— B +1In li) R(z) = (1+2B)(1 — B)? & 2(1 — B)2(1 + 2B)
2(1+2B)  2(1+2B)(1-B) 321+ 20 In(./2)] | 23143\

11— BY2(1+2B) @ 8(1—B)2(l+2B)
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Lepton energy and top-quark polarization

® Identical decay chains

g 000000

[YENO010/00.0

vy = 2B+ [y
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Toy model mimicking MSSM

o MSSM like:
£7’gt>z = gelcfff('(cos Ocrt Pr, + sin O.q Pr)t

Collider signature
bbjjl" Fr
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Collider simulation

® Basic selection cuts m: = 360 GeV mg = 50 GeV

ph > 20 GeV  pl. > 25 GeV
ET > 25 GeV ARjj,gj > 0.4
Me,5] < 2.5

e Hard cuts

Kr > 100 GeV  Hp > 500 GeV
Hr = ph +p} + 0% + Py + o+ Br
® { — 3j reconstruction (Minimal-x” theme)
Loop over all jet combinations and pick up the one minimize
e lnp e g L n gl
Am, ' Am?
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® (Cross

backgrounds at 14TeV LHC

11.6 %

4347.08| 3596.75 |154.47| 0.91 |0.00556%

e F'r solution cut

Signal versus Backgrounds

section (fb) of signal and

59 %
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Top-quark reconstruction
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Signal versus Backgrounds

® (Cross section (fb) of signal and
backgrounds at 14TeV LHC

- Basic |thqq recon.| Hard Bt sol.

11.6 %
0.00556%
59 %
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R(x.) versus R (x.)
Ty =2B)1 [E  oo—f ZIZ%ZQEKJF/E

(a) tL and t
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R’ distribution

e {1, and TR are separated LHC: 14 TeV, 100fb"!

(b) tL and t,

t,: x’;in lab after cuts

t,: X’ in lab after cuts
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Final remark

e Our method 1s also good for discovering new physics.

(b) tL and t,

t,: x’;in lab after cuts

t,: X’ in lab after cuts
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Summary

e (Conventional method of measuring top-quark
polarization 1n the charged lepton angle
distribution failed in ¢t + Er events.

® The long ignored lepton energy could also be
used to measure top-quark polarization without
reconstructing the top-quark kinematics.
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» Probe the interaction before mass and spin






