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top-quark : A looking glass

The mass of the top-quark is very large (m; ~ 175 GeV)

® its decay width (I'y ~ 1.5 GeV) is much larger than the typical scale
of hadronization, i.e. it decays before getting hadronized. The spin
information of top-quark is translated to the decay distribution.
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top-quark : A looking glass

The mass of the top-quark is very large (m; ~ 175 GeV)

® its decay width (I'y ~ 1.5 GeV) is much larger than the typical scale
of hadronization, i.e. it decays before getting hadronized. The spin
information of top-quark is translated to the decay distribution.

® the decay lepton angular distribution is insensitive to the
anomalous tbW couplings, and hence a pure probe of new physics
in top-production process; observed for top-pair production at

ete™ (Rindani, Grzadkowski) as well as v collider (Ohkuma,
Godbole).

#® the angular distribution of b-quark is very sensitive to the
anomalous tbWW couplings and can be used to probe it.

® leptons from top decay provide a clean and un-contaminated
probe of top-production mechanism.

We have a clean looking glass for new physics.
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Anomalous t-decay

Anomalous tbW vertex :

Yolutd

r“ =

[7M(f1LPL + firPRr) — (Pt = po)v (2o PL + forPR)

9
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Anomalous t-decay

Anomalous tbW vertex :

Yollaid
= L [7“(f1LPL + firPr) —

V2

® In the SM, flL = 1, flR = O, f2L = O, fQR = 0.

#® Contribution from fir, for are proportional to m.

(pt — po)v (for.PL + f2rPR)
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® In the SM, flL = 1, flR = O, f2L = O, fQR = 0.

#® Contribution from fir, for are proportional to m.

1 dI'y 1
— (1 P 9)
I't dcos O 2( oy costy

(pt — po)v (for.PL + f2rPR)
mw

] — 1 — O(fZ)

1

2

2 2 2
| mi —2myy, 8mymy (m; — m3y,) My o
o0 == || R0 [ o (5

The full quadratic contribution is being calculated by:
Eduard Boos, Viacheslav Bunichev, Maxim Kiryushin
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Lepton distribution

JHEP 0612, 021 (2006), [hep-ph/0605100]

AB —— t p .. P,

| - b W
| >l-|-y

Lepton distribution is independent of anomalous tbW coupling if

#® t-quark is on-shell; narrow-width approximation for ¢-quark,
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Lepton distribution

JHEP 0612, 021 (2006), [hep-ph/0605100]
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Lepton distribution is independent of anomalous tbW coupling if
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Lepton distribution

JHEP 0612, 021 (2006), [hep-ph/0605100]

AB —— t p .. P,

| - b W
| >Z—|-y

Lepton distribution is independent of anomalous tbW coupling if

® t-quark is on-shell; narrow-width approximation for ¢-quark,
anomalous couplings fir, faor and for are small,
narrow-width approximation for W-boson,

b-quark is mass-less,

© o 0 b

t — bW (Lyy) is the only decay channel for ¢-quark.
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Polarization of ¢t-quark: top-down

Polarized cross-sections :

3 n—1 3 - 4 -
/2ch(]20;)3 <H 2;(5;)3) (221) p(A ) o (kA +kp —pt — (Z pz')) = (A N).

Les Houches 2009
Ritesh SINGH = p. 5/13



Polarization of ¢t-quark: top-down

Polarized cross-sections :

3 n—1 3 - 4 -
/2ch(]20;)3 <H 2;(5;)3) (221) p(A ) o (kA +kp —pt — (Z pz')) = (A N).

Total cross-section :

Otot — O’(‘l—, +> + O'<—, —)

Les Houches 2009
Ritesh SINGH = p. 5/13



Polarization of ¢t-quark: top-down

Polarized cross-sections :

d3pt e d3p; (2m)* N — , _ /
/2Et(2ﬂ)3 <1:[1 2E¢(27T)3> ——pAN) 8" (ka+kp —pr ;pz = o(\,\).
Total cross-section :
Otot — 0(+7 +> + 0-<_7 _)
Polarization density matrix :
1 1 e 1 '“7 T3 = (0(+7+) _0(_7_)) /Jtot
3 1 — M2
Fi=3 . » m = (o(+, =) +o(=+)) /ot
m+ing 1 —m3
ine = (o(+,—) —o(—=,+)) /Otot
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Polarization of t-quark: bottom-up

Polarization of t-quark through decay asymmetries:

Cm ol <0) —o(pys > 0)
T2 o(ps.s3 <0)+o(ps.s3 >0)
ap = —0.4 af @ _ O'(pf So < O) — O'(pf.SQ > O)
a; = +1.0 ’ 7py-52 < 0) +0lpy-52>0)
Lo o(ps.s1 <0)—o(ps.s1 >0)
' o(ps.s1 <0)+o(ps.s1 >0)

$¢.85 = —(52']' Pt-S; — 0

For pi' = Ey(1, B; sin 6,0, B; cos 0;), we have
st = (0,—cosb,0,sin6;), sh =(0,0,1,0), s = E(B¢,sinby,0,cosb;)/m;.

Pt | ong is implemented in SHERPA.
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Polarization of t-quark: Reconstruction

n2 : transverse polarization normal to the production plane.

Simplest quantity to measure;
requires reconstruction of ¢-production plane;
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Polarization of t-quark: Reconstruction

n2 : transverse polarization normal to the production plane.

Simplest quantity to measure;
requires reconstruction of ¢-production plane;

n1 : transverse polarization in the production plane.

requires reconstruction of ¢-production plane and cos 6;;

ns : average helicity.
requires reconstruction of ¢t-production plane, cos §; and Ei;

Energy and angular distribution of leptons in lab frame can be used as
a measure of the ¢-polarization.
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Polarization estimation: &,

Lab frame azimuthal distribution of leptons: (JHEP 0612, 021 (2006))

0.055
0.05
0.045

Ny=+0.83 ——
N3=-083 — — —
Ny=+0.73 ———/
Ny=-048 — —--
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Polarization estimation: &,

Lab frame azimuthal distribution of leptons: (JHEP 0612, 021 (2006))

0.055 I I I I I I
Ny =+0.83 ——
0.05 3\ n3 =-083 — — — /_.
N3 = +0.73 — —. =/
0.045 Ng=-0.48 — .—..

o(cos¢; > 0) — o(cos ¢; < 0)
o(cos¢; > 0) 4+ o(cos ¢; < 0)

Ap =

Used for:

e 7' at LHC (Les Houches 05)

e ¢ in RS model at LHC
(Nucl. Phys. B797, 1, (2008))
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Polarization estimation: &,

Lab frame azimuthal distribution of leptons: (JHEP 0612, 021 (2006))

1
0.99
0.98
_ 097 A, — o(cos¢; > 0) — o(cos ¢; < 0)
Ej o(cos¢; > 0) + o(cos ¢; < 0)
T Used for:

e 7/ at LHC (Les Houches 05)
e ¢V in RS model at LHC
(Nucl. Phys. B797, 1, (2008))

0.95

094 | [pp - 1]

093 1 1 1 1 1 1 1 1 1
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Polarization estimation: &,

4 T ' ' |
_ vV ———
35 | P, =(0.734,-0.6) |b |
-3 = M
N3 <107, n, = +0.085 2tb cos(is
3r b/a= 1 /4 =+0.067 -
S 25 r 7
S do  d
@) o o)
5 2 | AT ‘dcb "4
@) l b
B
N 15 F -
Depends upon:
1 L . e Top polarization
e p! distribution
0.5 y
O | | |
0 W2 T 312 2T

@ (rad)
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Polarization estimation: &,

4 I ! !

P,=(0.8,-0.6)

= +0.559, n, = -0.504 |
3 1 a+b cos(o)
b/fa= 1 /4 =-0.396

35 &

I
Y
b
M

%— 2.5
IS , A ‘ do  do
S |der doy
B
N 15

Depends upon:

e Top polarization

1
e p! distribution
05 r .
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Polarization estimation: &,

4 ! ! ! |
— - V —_—
| = (-0.8, 0.6) ; |
=-0.471,n, =+0.591 M
3 1 at+b cos(p) —
3 b/a= 1 /4 =+0.464
%— 2.5 g g
< o o)
o A = —
o 2 dor  doy
B
N 15 .1 Depends upon:
.[I}'-L / o Top polarization
1 e p! distribution
05 r -
O ] ] ]
0 W2 Tt 312 21

@ (rad)

Next we look at LHC examples.
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LHC:pp —tj — bl"y; j

da_da
dg;  doy

A-|

Depends upon:

(Uo) do/dd

e Top polarization
e p! distribution

o = 14.6 pb
13 = —0.196

Model: SM
Cuts: No cuts

"Partial” analysis with anomalous tbW coupling at DO
Phys. Rev. Lett. 102, 092002 (2009)
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LHC:pp —tj — bl"y; j

0.014 T T T T T T T
0.012 ] d o Cl o
A= ‘ -

0.01 | 1 do;  doy
I_éi 0.008 ]
5 Depends upon:
g 0.006 - 1 e Top polarization

e p! distribution
0.004 - ]
0.002 H 7
0 1 1 ¢ I — L 1 O- — 14-6 pb
0 100 200 300 4CT)O 500 600 700 800 N3 = —0.196
Pt

Model: SM

Cuts: No cuts

"Partial" analysis with anomalous tbW coupling at DO
Phys. Rev. Lett. 102, 092002 (2009)
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LHC: pp — tt — bl v, bl iy

9 'Lepton
8 b-quark ——
7 1 A — ‘ do do
6 dgbl d¢b
g |
,:3 ° I Depends upon:
3 40 e Top polarization
3 1 e pl distribution
2 »
1 _
0 . ) oc=41.51b
0 4 2 3ria mopy = +0.819
@
Model: SM+¢(V
My = 3000 GeV, I'y = 500 GeV Cuts: my; = [2500,3500] GeV

Ct =1.118, CL = 5.201
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LHC: pp — tt — bl v, bl iy

(1/0) do/dp;

0.0014

0.0012 -

0.001

0.0008 -

0.0006 r

0.0004 -

0.0002

0

A ‘ do  do
doi  doy
Depends upon:

e Top polarization
e p! distribution

o=41.5fb

0 200 400 600 800 1000 1200 1400 1600 1800 N3 = +0.819

T

Py

Model: SM+¢(V)

M, = 3000 GeV, I', = 500 GeV

Cuts: myz

Ct =1.118, Ct, = 5.201

.= [2500, 3500] GeV
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LHC: pp — 11 — bl bl

da_da
dor  doy

A-|

Depends upon:

(Uo) do/dd

° Top polarization
e p! distribution

| oc=9.53x 1072 fb
0 U4 T2 314 m o op3 = +0.92

Model: MSSM
M;, =760 GeV, M,, = 184 GeV

. 0 Cuts: No cuts.
Br(ty — txi) = 0.407
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LHC: pp — 11 — bl bl

A — ‘ do  do
dor dey
Depends upon:

o Top polarization
e p! distribution

c=953x10"%1b

0.003
0.0025 |
0.002 |
Py
S
S 00015 |
&)
)
0.001 |
0.0005 |
0 | | | | | b |
0 200 400 600 800 1000 1200 1400 1600 1800 ) — 4() 0
Pt
Model: MSSM

M; =760 GeV, M, , = 184 GeV
Br(t; — tx?) = 0.407
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Polarization estimation: F,

Lab frame energy distribution of leptons:
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Polarization estimation: F,

Lepton energy fraction in lab frame u = E;/(E; + E)
Shelton Phys. Rev. D 79, 014032 (2009)
(Plots from Rohini’s talk @ TOP(9)

2.5 T T T T T T T

f2R= -0.3 — —
f2R= 0.0 —
f2R= 03 ----

(1) dr/du
n

I

0.5
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Polarization estimation: F,

Lepton energy fraction in lab frame u = E;/(E; + E)
Shelton Phys. Rev. D 79, 014032 (2009)
(Plots from Rohini’s talk @ TOP(9)

1.8 T T T T T T T

f2R="-03 — —
f2R= 0.0 —
16 | f2R= 0.3 ---- -

(1) dr/du

04 -

0.2 -

Les Houches 2009
Ritesh SINGH = p. 13/13



	top-quark : A looking glass
	top-quark : A looking glass
	top-quark : A looking glass
	top-quark : A looking glass
	top-quark : A looking glass

	Anomalous $t$-decay
	Anomalous $t$-decay
	Anomalous $t$-decay
	Anomalous $t$-decay

	Lepton distribution
	Lepton distribution
	Lepton distribution
	Lepton distribution
	Lepton distribution

	Polarization of $t$-quark: top-down
	Polarization of $t$-quark: top-down
	Polarization of $t$-quark: top-down

	Polarization of $t$-quark: bottom-up
	Polarization of $t$-quark: Reconstruction
	Polarization of $t$-quark: Reconstruction
	Polarization of $t$-quark: Reconstruction
	Polarization of $t$-quark: Reconstruction

	Polarization estimation: $Phi _ell $
	Polarization estimation: $Phi _ell $
	Polarization estimation: $Phi _ell $

	Polarization estimation: $Phi _ell $
	Polarization estimation: $Phi _ell $
	Polarization estimation: $Phi _ell $

	LHC: $pp	o tj 	o bl^+
u _l  j$ 
	LHC: $pp	o tj 	o bl^+
u _l  j$ 

	LHC: $pp	o t�ar {t} 	o bl^+
u _l  �ar {b}l^-�ar {
u }_l$ 
	LHC: $pp	o t�ar {t} 	o bl^+
u _l  �ar {b}l^-�ar {
u }_l$ 

	LHC: $pp	o 	ilde {t}_1	ilde {�ar {t}} 	o bl^+
u _l 	ilde {chi }_1^0   �ar {b}l^-�ar {
u }_l	ilde {chi }_1^0$ 
	LHC: $pp	o 	ilde {t}_1	ilde {�ar {t}} 	o bl^+
u _l 	ilde {chi }_1^0   �ar {b}l^-�ar {
u }_l	ilde {chi }_1^0$ 

	Polarization estimation: $E_ell $
	Polarization estimation: $E_ell $
	Polarization estimation: $E_ell $


