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top-quark : A looking glass

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

® top-mass being close to electro-weak scale, its couplings are
sensitive to EWSB. Any new physics of EWSB (or mass
generation) affects top-couplings with other particles.
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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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generation) affects top-couplings with other particles.

® its decay width (I'; ~ 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 tbWW 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).
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top-quark : A looking glass

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

® top-mass being close to electro-weak scale, its couplings are
sensitive to EWSB. Any new physics of EWSB (or mass
generation) affects top-couplings with other particles.

® its decay width (I'; ~ 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 tbWW 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).

® top-decay products 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

o= L [7“(f1LPL + firPr) — (pt —pv)v (for.Pr + forPr)

V2

mw
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Anomalous t-decay

Anomalous tbW vertex :

Yolutd

v = L [7“(f1LPL + firPr) — (pt —pv)v (for.Pr + forPr)

V2

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

#® Contribution from fr, for are proportional to mg.

mw
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Lepton distribution

AB —— t p .. P _,

| - b T
| >l—|—y

Lepton distribution is independent of anomalous tbW coupling if

® {-quark is on-shell; narrow-width approximation for t-quark,
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Lepton distribution
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Lepton distribution is independent of anomalous tbW coupling if

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

® narrow-width approximation for W-boson,
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Lepton distribution

AB —— t p .. P _,

| - b T
| >l—|—y

Lepton distribution is independent of anomalous tbW coupling if

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

narrow-width approximation for W-boson,

o o 0

b-quark is mass-less,
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Lepton distribution

AB —— t p .. P _,

| - b T
| >l—|—y

Lepton distribution is independent of anomalous tbW coupling if

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

b-quark is mass-less,

© o o b

t — bW (Lvy) is the only decay channel for ¢t-quark.
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Decay distribution

Narrow-width approximation for ¢-quark =
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Decay distribution

Narrow-width approximation for ¢-quark =

MZ=" ZpAA N)

n—1
(2m)* V! d>p
do = M) (ka + kB — pe — i
5= (o stk k= S0 s T
1 2m)4 d3p d3p, d3
X |: <( ) F(A7>\/)54(pt_pb_pl/_pe) ’ 3 o 3) bt 3:|‘
[y \ 2my 2F,(2m)3 2E,(2m)3 ) 2E,(2m)
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Decay distribution

Production part (¢; = 0) :

d pt 7, 27T)4 4 n—1
/2Et 27‘(‘3 2E 3 21 10()\7)\/)5 kA"_kB—pt— sz
= doa—n(A, N ) dFE; dcosb;.
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Decay distribution

Production part (¢; = 0) :

d pt 7, 27T)4 4 n—1
/2Et 27‘(‘3 2E 3 21 10()\7)\/)5 kA"‘kB—pt— sz
= doa—n(A, N ) dFE; dcosb;.

Decay part (in rest rest frame of ¢-quark) :

1 (2m)* d*py d®p, d*p,
'y 2my /2Eg(27‘(’)3 2F,(2m)3 2FE,(27)3
1 E, (I'(AN))
N 32tht (27'(')4 mtEg

T\ N6 (pe — py — puv — D2)

dE, dy dpyy .

Angular brackets stands for averaging over ¢ = (¢, — ¢¢).
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Decay density matrix

In the rest frame of t-quark, we have

(T(£,4)) = g'mEy |Aw(piy)|® (1£cost)) x F(EY),
(C(£,F) = g'mEy |[Aw(piy)® (sin0re™™) x F(EY).

2\ _ 1
where Ay (p3y,) = e ) oS

FED) = |(m?—mi—2pi-p) (|f1L| FR(fop fi) T 2w )
mw Pt-Pi
— (flLfQL) — PW R(firfir) —ﬂ;zgt P%v]

In general,

(T N) = (meEy) | Ao )[* g* AN\ N) F(EY)
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Angular distribution of lepton

Combining production and decay part, we have

1
d — d om )\ )\/ 4Ac.m. )\7 )\/
’ 32 I'ymy (27)4 )\z}\:/ 02-n(A ) X g ( )

X dE; dcosO; dcosby doy
x FEy F(Ey) dE; dpsy

and
I o / E, F(E,) dE, dp3,

Contribution from anomalous tbW couplings cancels between
numerator and denominator, if # — b1l is the only decay channel.

= Lepton angular distribution is independent of anomalous tbW
interactions.

LCWS’06, Bangalore Lepton distribution from top-quark — p.8/1:



Energy distribution of lepton

The E, distribution (in the lab frame) depends both on

e anomalous tbWW couplings = new physics in t-decay

e energy-angular distribution of t-quark = new physics in
t-production
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Energy distribution of lepton

The E, distribution (in the lab frame) depends both on

e anomalous tbWW couplings = new physics in t-decay

e energy-angular distribution of t-quark = new physics in
t-production

The E} distribution (in the top-rest-frame) depends only on the
possible new physics in t-decay.

do
d—EgOC/EzOF(EzO)dP%A/

Independent of production mechanism of ¢-quark !!
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Polarization of t-quark

Polarized cross-sections :

d3p o 3p; )4 / n—l
/2Et(§w)3 <H 2EC?(§7T)3) (22[) p(AN) &8 (kA + kB —pt — (Z pr)) =a(\ ).
Z i=1

=1
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Polarization of t-quark

Polarized cross-sections :

d3 . n—1 3 : T 4 / n—1
[ amoe (T zgiaegs) 57 o) o (kb= (5] ) =otvm
7 =1

=1

Total cross-section :

Otot — 0(‘1‘, _|_) + O'(—, —)
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Polarization of t-quark

Polarized cross-sections :

d>py ot d>p; (2m)* , n—1 B ,
/2Et(271')3 <H 2Ei(277)3> i p(X, A7) 54 (kA +kp — pt — (; pz>> =g\ A).

=1

Total cross-section :

Otot — 0’(‘1—, _|_) + O'(—, —>

Polarization density matrix :

1 ( L+ —in ) s = (o) ot ) o

P = - . ; m = (o(+, =) +o(—=,+)) /ot
2 1 112 1— 3

e ! i1 = (0(+, =) — 0(=+)) /Ot
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Polarization of t-quark

Polarization through leptonic decay of t-quark :

ns_ 0(pe.s3 <0) —o(pe.s3 > 0)
o(pe.s3 < 0) + o(pe.s3 > 0)
n2 _ o(pesy <0) —o(pe.s2 > 0)
2 o(pe.s2 < 0) + o(pe.s2 > 0)
m _ o(pesi <0) —o(pe-si > 0)
2 o(pe.s1 < 0) + o(pe.s1 > 0)
$;-S5 = —0ij  Ppr.si =0

For pi' = E:(1, B;siné,,0, 3; cos ;), we have

st = (0,—cosb,0,sin6;), sh =(0,0,1,0), s = E(B¢,sinby, 0, cosb;)/m;.
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Polarization of t-quark

12 : transverse polarization normal to the production plane.

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

12 : transverse polarization normal to the production plane.

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

n1 : transverse polarization in the production plane.

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

ns : average helicity.

requires reconstruction of ¢-production plane, cos 6, and E;;
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Polarization of t-quark

n2 : transverse polarization normal to the production plane.

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

n1 : transverse polarization in the production plane.

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

ns : average helicity.

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

Angular distribution in lab frame can be used as a qualitative measure
of the t-polarization.
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Polarization through angular distribution

For demonstration, we chose vy — tt process with/without Higgs
exchange contribution.

mg = 500 GeV; I'y = 2.5 GeV,
Sy =02, P,=04,5,=40+405and P, =1.25+{ 2.0.

Polarized ideal photon spectrum is used.

Assumptions :

e t-quark is on-shell
e anomalous tbW couplings are small

e W-boson is on-shell
e b-quark is mass-less and

e t — bWV is the only decay channel for ¢-decay
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Polarization through angular distribution

0.032 T T T T T] T +OI 83 T 9 T T 0.032 T T T T /r] T 0| 83 T e T T
3 =+0.83, cosb; —— 3=-0.83, cosb; ——
003 (@) N5 =+0.83, cos, — — — 0.03 *(b) n;=-0.83,cos0, — — — ,
B N3 =+0.73, cos; ——-— | R n; = -0.48, cosh, —-—-— |
0.028 _\._\ N3 = +0.73, COSG,[ —_—— II:_ 0.028 Hi N3 = -0.48, COSGt —_———— I
: \ )
0.026 0.026 |1\ I~
D o \ l
2 0.024 2 0024k \ I
Q 1>} - / /
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g 0022 g 002 i
© ° 2 ) Iy
= 0.02 = 002 F \\ [
0.018 0.018 t \ /. ]
A\ v
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0.016 0.016 r N 77 i
N . -y
0.014 0.014 N\ T 7/ i
N 7
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cosO cosf

m=0and n; =0
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Polarization through angular distribution

(1/6) do/do, [rad™']
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m3=-083 — — — [
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Conclusions

® Lepton angular distribution is a pure probe of possible new
physics in any process of t-quark production, independent of
possible new physics in ¢t-decay.
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Conclusions

® Jepton angular distribution is a pure probe of possible new
physics in any process of t-quark production, independent of
possible new physics in ¢t-decay.

#® Lepton energy distribution, in the ¢-rest-frame, is a pure probe of
possible new physics in ¢t-decay independent of top production
mechanism.
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possible new physics in ¢t-decay independent of top production
mechanism.

® Polarization of t-quark can be measured (quantitatively) through
angular asymmetries of decay leptons.
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Conclusions

® Jepton angular distribution is a pure probe of possible new
physics in any process of t-quark production, independent of
possible new physics in ¢t-decay.

#® Lepton energy distribution, in the ¢-rest-frame, is a pure probe of
possible new physics in ¢t-decay independent of top production
mechanism.

® Polarization of t-quark can be measured (quantitatively) through
angular asymmetries of decay leptons.

#® Angular distribution of decay lepton in the lab-frame is a good
qualitative probe of ¢t-polarization; quantitatively better for
negative polarizations.

LCWS’06, Bangalore Lepton distribution from top-quark — p.14/1.



	top-quark : A looking glass
	Anomalous $t$-decay
	Lepton distribution
	Decay distribution
	Decay distribution
	Decay density matrix
	Angular distribution of lepton
	Energy distribution of lepton
	Polarization of $t$-quark
	Polarization of $t$-quark
	Polarization of $t$-quark
	Polarization through angular distribution
	Conclusions

