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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 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).

#® 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 :

Yo lutd

r“ =

[7u(f1LPL + f1irPRr) — (Pt = po)v (2o PL + forPR)

9
V2

mw
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Anomalous t-decay

Anomalous tbW vertex :

Yollaid
o= L [7”(f1LPL + firPr) —

V2

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

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

(pt — po)v (for.PL + f2rPR)
mw
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Anomalous t-decay

Anomalous tbW vertex :

Yollaid
v = L [7”(f1LPL + firPr) —

V2

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

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

1 dI'y 1
— (14a;P 9)
I't dcos O 2( oy costy

(pt — po)v (for.PL + f2rPR)
mw

] — 1 — O(f2)
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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,
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Lepton distribution is independent of anomalous tbW coupling if
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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, faor and for are small,
narrow-width approximation for W-boson,

b-quark is mass-less,

© o 0 b

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

TOPO6, CERN Ritesh SINGH — p.4/14



Decay distribution

Narrow-width approximation for ¢-quark =
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Decay distribution

Narrow-width approximation for ¢-quark =

_ (2m)4 p b
do = Z [ PN A+ ke = pe - sz 2E;(2m)3 i 2E"'(27T)3]

A
(2m)* 54 d®py d*p, ) d®py }
x | T, N84 (pe — py — po — .
{ <2mt A AP =0 = Pv =Pe) 50 53 0, (2m)3 ) 2B, (2n)?
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Decay distribution

Production part (¢; = 0) :

n—1

dpt Ps 27'(') A
/2Et 2m)3 HzE 21 pAX)d (kA+kB_pt‘(Zpi)>

)

= dog_.n(\, \) dE; dcosb;.
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Decay distribution

Production part (¢; = 0) :

dpt Di 27‘(‘) N od n—1
/2Et 27T3 2E 2] ()‘7>‘)5 ]fA—I-kB—pt— Zpi

=dog_n(A\, N ) dE; dcosb,.

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

1 (27)* d*py d®py, d*p,
'y 2my /2Eg(27r)3 2E,(2m)3 2F,(27)3
1 E, (LA N))
N 32tht (27T)4 mtEg

DA N6 (pe — py — o — D2)

dE, dQy dpyy .

Angular brackets stands for averaging over ¢, about p;.
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Decay density matrix

In the rest frame of t-quark, we have

2 (1+cost)) x E)F(E}),
2 (sinfe?) x EYF(EY).

(C(£,£) = g'mu |Aw(piy)]
(C(£,F) = g'mu |[Aw(piy)]

9\ 1
where Ay (pyy,) = p2, —mZ, +ilwmw

F(ED) = |(m2—m?—2p-m) (Ifml E R fi) T P )
mw Pt-Di
— (flszL) — PW R(firfir) _ﬂ;z;;r;t P%v]

In general,

(T X)) = (meEy) |A(pw)I* g* A\ N) F(EY)
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Angular distribution of lepton

Combining production and decay part, we have

Y doa_n(MN) x gt AT (A N)
AN

1
32 tht (27T)4

do

X dE; dcos8; dcosOy doy
x FEy F(Ey) dE; dpsy,

and
Iy / E, F(E,) dE, dp3y,

Contribution from anomalous tbW couplings cancels between
numerator and denominator, if ¢ — b1 is the only decay channel.

= Lepton angular distribution is independent of anomalous tbW
interactions.
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Angular distribution of lepton

(Thanks to Peskin)
b
: - i - d
y A=+ A= -1
M(tr; 0 =0) = Csnr + O(fi) M(t;0p =0) =0+ O(fs)

M(ty; ¢p) = M(t1;¢p = 0) e {0 M(ty; dp) = M(t]; ¢p = 0) e~ (=D
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Angular distribution of lepton

(Thanks to Peskin)
o)
: I> X |> d
y A= +1 A= -1
M(tr; 0 =0) = Csnr + O(fi) M(t;;0p =0) =0+ O(f;)

M(trs @) = M(tr; ¢y = 0) e 0% Mt 5 0p) = Mt ;¢ = 0) e (719
The density matrix of the configuration is:

L+0(fi) + O(ff)  ()e®
() e O(f?)

PtOC
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Angular distribution of lepton

(Thanks to Peskin)
b
‘\ z-axis
t |
V )\t =+1

M(ty; ¢y = 0) = Csur + O(fi)
M(tTa Cbb) — M(tT7 op = O) e—1(0)op

Integration over ¢, gives:

(I'y) ox )

1+ O(f:) +

E—
|

)\t: -1

M(ty; 9, =0) =0+ O(f;)
M(ty;pp) = M(ty; 0 =0) e—H(=1)dy

o) 0

O(f7)

1

z—aﬁi:
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Angular distribution of lepton

(Thanks to Peskin)
o)
‘\ z-axis ‘\ z—axi
: | |
V )\t: +1 )\t: -1
M(tr; ¢ =0) = Csm + O(fi) M(t); 6 =0) =0+ O(f;)

M(tys ¢p) = Mty;dp = 0) e 0% Mt 5 ¢5) = M(t); 6 = 0) e (1%

Neglecting the terms of O(f?) we get:

(L) o (14 O(f) [ - ]
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Angular distribution of lepton

(Thanks to Peskin)
b
: - i - d
y A=+ A= -1
M(tr;0p =0) = Csp + O(fi) M(t;0p =0) =0+ O(fs)

M(t1; dp) = M(tr; ¢y = 0) e~ H0)%% M(ty; ) = M(t; ¢p = 0) e (=D
Rotation of p; to (0;, ¢;) gives:

14 cos; sinf;e'?
sinfe " 1 —cosl; |’

(T'y) o< (1+O(fi))

Lepton’s angular distribution remains unchanged.
E; distribution is changed.
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Energy distribution of lepton

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

003 ! ! ! ! ! ! !
0.025 t |
0.02 -
>
% 0015 f - do
0 0y 7,2
2 ﬁ“/EzF(Ez)dPW
w001+ 4 /¢
&
T 0005 | . 1 Independent of
R . ‘ production mechanism
i of t-quark !!
/ — —
-0.005 - : Re(f)=0.0,n;=-0.83 —— _
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Energy distribution of lepton

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

0.08 — "Re(f)=000,n;=-0.83 ——

I\ Re(f)= 0.3 Ny =-083 — — —
0071 A\ Re(=0315=-083 —— - :

e the anomalous couplings in 0.06 |

the tbW vetex
= new physics in t-decay

o o
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(/o) do/dE[® [Gev™Y
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Energy distribution of lepton

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

0-08 T T T T IQE[)I ' r]3|: +d83 T T
QED:n,=-0.83 — — —
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e the anomalous couplings in oos | 1. |
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= new physics in t-decay
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Polarization of t-quark

Polarized cross-sections :

épe (T P (2m)* / . ) /
/QEt(Qﬂ-)S (H 2E7;(27r)3) o] p(A, ) 54 (kA-I—kB — Pt — (; pz>> =a(\ ).

=1
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Polarization of t-quark

Polarized cross-sections :

3 n—1 3 . 4 i
/2ch(§;)3 (H 2;(5%3) (221) p(A X)) & (kA +kp —pi — (Z pi>> = (A N).

1=1 =1

Total cross-section :

Otot — O’(‘l—, +> + O'<—, —)
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Polarization of t-quark

Polarized cross-sections :

3 n—1 3 . 4 i
[ o (T ) 200 8 i (550 o
7’ 1=1

=1

Total cross-section :

Otot — O’(‘l—, +> + O'<—, —)

Polarization density matrix :

1 ( 1+n3 1 —ine ) 3 = (o, +) = o(= =) /oret

P = = ) ; m = (o(+,—) +0o(—,+)) /Otot
2 1 112 11— 3

e " i1 = (0(+,—) — (=) [t
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Polarization of t-quark

Polarization through leptonic decay of ¢t-quark :

ns _ 0(pe.ss <0) —o(pe.s3 > 0)
o(pe.s3 < 0)+ a(pe.s3 > 0)
n2 _ 0(pe-sy <0) —o(pe.sa > 0)
2 o(pe.s2 < 0) + o(pe.s2 > 0)
m_ o(pes1 <0) —o(pe-si > 0)
2 o(pe.sy < 0) + o(pe.sy > 0)
$i-S5 = —0ij  Ppr.si =0

For pl' = E;(1, B; sin6,, 0, B; cos 0;), we have

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

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

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 ¢-production plane, cos 6, and E;;

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:

(1/0) do/dq [rad™]
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0

TOPO6, CERN

Ritesh SINGH - p.13/14



Polarization estimation

Lab frame energy distribution of leptons:

(Vo) do/dEl® [Gev™)]

0.08

0.07

©
o
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o
=)
a1

o
o
=

©
o
@
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Polarization estimation

Lepton energy fraction in lab frame v = E;/(E; + Ej) (Shelton)
(From Rohini’s talk)

2.5 T T T T T T T

f2R='-0.3 — —
f2R= 0.0 —
f2R= 0.3 ----

(2/r) dr/du
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Polarization estimation

Lepton energy fraction in lab frame v = E;/(E; + Ej) (Shelton)
(From Rohini’s talk)

1.8 T T T T T T T T T
f2R= -0.3 — —
f2R= 0.0 —

16 | f2R= 0.3 ---- -

(2/r) dr/du
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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 — bW decay.
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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 — bW decay.

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

® Polarization of t-quark can be measured (quantitatively) through
angular asymmetries (w.r.t. p;.s;) of decay leptons.

#® Azimuthal and energy distribution of decay lepton in the
lab-frame is a good probe of t-polarization.
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