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EFT: Why and How?
Ny

=

= —4/2Gr

e If the energy scale of new physics is beyond the reach of recent

experiments
e Parameterising lack of information in terms of higher mass dimension

operators
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Lagrangian for our Study

The complete Effective Lagrangian for top FCNC: [
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Where, ¢(§) = u(@), ¢(¢) and @ = (P; — P,) is the momentum transferred.
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FCNC Decav width

A2’
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The subscript (T) and (V) represents the decay width involving either a vector or a tensor
coupling, respectively.
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Density Matrix Formalism

[E, E.]=[7TeV, 60 GeV ] [E, E.]=[50TeV, 60 GeV ]

The top quark on-shell condition in the NWA allows one to write the differential
cross section of the complete process as:

1 1
_& — ZU(Aa A,)F()‘a }‘,)
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Density Matrix Formalism

Polarization Vector: P — (Px : Py, PZ)

The normalized production density matrix elements can be written as:
o(+,+) = 3(1+ P,) o(+,-) =
o) = H1-P) o) -

The normalized decay density matrix elements can be written as:

['(+,+) = %(1+60801) [(+,-) = 3sinf;

['(—,—-) = %(1—60801) ['(—+) %sz’n@l e~

O Py
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Polarization Parameters & Spin observables

1 do

Otot dS)y

= ﬁ(l + P, cos 6y,

+ P, sin 0, cos ¢y + P, sin 0, sin (bg)

Ref: [
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Observables
Ay = 5 f d¢z i, f doy d%] P,
[>Ay =L fo d¢e5’7‘; . d¢457‘;] =1p,
A= L deo o~ Oy den | = 3P,
C Top quark Rest frame

Lab frame of the collider
AFB __ o(cos 0.>0)—o(cos 6. <0)

~ o(cos 6,>0)+0(cos 6. <0)
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Polarization Parameters & Spin observables
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The distributions of polar angle of the scattered electron in the Lab Frame of the collider.

=> The Distributions clearly shows the distinction between the vector and

tensor couplings. 11
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Polarization Parameters & Spin observables
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The distributions of polar angle of the scattered electron in the Lab Frame of the collider.

=> The Distributions clearly shows the distinction between the vector and

tensor couplings. 12
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Simulation
& Analysis

:MadGraphb, Pythia6 an
Root for Cut Based
approach
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Methodology

= MC setup/Observables
= PDF set: CTEQ6L1, pF=pR=mt,

= Preselection: P_> 10 for leptons, jets
and ET'V"SS > 10 GeV,
|n| < 5. For all jets and leptons

» Leptons and/or Jets are reconstructed with

anti-kT algorithm with cone size of R=0.4

=  Selection Cuts [tZq - analysis]

- Ne—= Ne—, b—jet= Ne-, b-jet, I+= 1
= Selection Cuts [tgq & t,yq - analysis]
- Ne-= Ne—, b—jet= I\Ie—, b-jet, mu+/mu—= 1
- NLight—jets -
= Yu>2.6
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CS and Selection Cuts

Coiplitig Cross section ¢ in fb for P, = —80% Coupling o M M M A R M e L
921 BasicCuts N,-=1 N, ,=1 N,q-p,=1 e"p-+e tj e bjl*y (both e* and p* included)
Basic Cut 1058.011113.23198.03190.0([498.5|546.2|1420.21420.0|| 485.
XL, 1957.57 176382  799.65 74557 ik e e b L bl bl il e
XR 1642.47 1485.97 706.09 629.54 Ne-=Nee =No=1, N; 21| 515] 550.0(1631.7{1623.2|(245.9|271.5| 728.1| T37.0( 85
kL 706.77 636.65 304.56 279.13 Y >26 290.1 287.6] 530.3| 715.8]{105.4| 828 155.9) 219.0/0.023
kR, 1038.68 933.47 474.90 427.77 cp et ey
Xo 136.76 122.54 6690 6284 Basic Cut 269.4( 266.1| 831.7) 829.1/(244.0(48.8| 709.4| 708.9|(485.0
asic Luts s N v \ A X R A |
D ¢ 103.82 93.05 51.26 47.65
KL 26.37 23.65 12.96 12.09 N-=N,-=Ny=1, Nj 21| 1464| 150.1) 467.7 480.1(/130.6|128.8| 374.1) 3766 48
kR 60.00 53.33 29.70 27.45 Y->28 65.8) 53.6) 102.5) 151.0( 58.3| 47.2 79.6| 118.2/,0.009
Bkg processes Npypper =1
Charged Current int. 0.63
Neutral Current int. 0.00

Photo Production int. 1.64
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Spin Observables
© Wk FGChe

No pol. P =—-80% P_ = +80%
_ Left-polarized e'b‘:gm Coupling| A.| A.|AFB|| A.| A.|AFB|| A.| A.|aFB
Coupling A, A, Al
L 016 T T kb [-020 -|-022|[-0.27| -|-0.28|]-0.21] -|-0.20
L =017 -0.46 +0.63 kB¢ | 0.14] 0.40|-0.15|[ 0.16| 0.42|-0.23|| 0.11| 0.41|-0.16
f: Igﬂ Iggg 18}352 b |-033[-012] —[-031|-011] -[-030|-016] -
Right-polarized e-beam o -1 0.46] - - 047| - -1 048] -
Coupling A, A, AEB
xL  —0.06 -0.43 -0.34 Top quark
-0.01 -0.46 0.64
;;e +0.16 +0.32 fo17 No pol. P.- =-80% | P.- =+80%
& 016 +0.37 +0.65 Coupling| A.| A.|AFB|| A.| A.|AFB|[ A.| A.|AFB
Unpolarized e-beam
Coupling A A AFB Kb |-0.35]0.26(-0.48|[-0.32|0.28|-0.48 |[-0.34|0.19|-0.46
X Z €
XL —oi2 YT —024 s ~10.33{-0.39||  -|0.41|-047|| -[0.32/-0.35
oL =012 -0.46 +0.64 kL, |-0.44| -|-0.25|[-0.43| ~|-0.28[-0.45| ~-|-0.28
0.11 +0.32 -0.26
f: 10_08 4036 10.65 k8, |-0.11|0.54|-0.44|[-0.14[0.56|-0.37||  —[0.53|-0.39
Anti-Top quark 16
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Limits on FCNC couplings
Stk FCChe

L=2ab!

N Obtainable reach (in part of 10%) Beam  [Associated||Background| Required  |Reach of couplings for 95% CL. (TeV~")
Coupling at C.L. = 68% 95% 99% polarimiuu signal, NB(’-’U}

XL € [—9.8,9.7] € [—16.4,16.4] | € [—20.0,20.1]

Xk € [-13.7,13.6] |€ [-20.8.20.9] | € [-24.4,24.4]

XL, € [-30.8,31.1] | [-52.8.52.7] | € [-65.7,65.5] Unpolarized 46 16

xR € [—48.0,47.3] |€ [-73.0,72.7] | € [—85.9,86.8] charm 0.048 1 0.054 | 0.040 0.033
Tensor Obtainable reach (TeV—!) (~80%) up " y 0.028 | 0.027 | 0.02 0.017
Coupling at C.L. — 68% 95% 99% i

L /A € [-0.06,0.06] | [—0.10,0.10] | € [-0.13,0.13]

K /A € [-0.07,0.07] |€ [-0.12,0.12] | € [-0.16,0.15] up 0.030 | 0.030 | 0.022 0.019
kL /A € [-0.23, 0.23 |e [-0.40,0.40] | € [—-0.50,0.50] (+80%) pi 13

xR /A € [—0.31,0.31] | [-0.57,0.56] | € [-0.71,0.72] charm 0.050 | 0.056 | 0.041 0.085
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Limits on FCNC couplings

t—cy
X5, =0.073 0.181 n{‘,qt/A (8323 0.74 1.9

% — 040 Tev-!  0.068
,%L s (0138 Kvgr/ANL7 | 31 | 044 | 09
' LHC |
: a
~ BR % BR % I BR limits on 95% C.L. 8/13 TeV 3ab~1, 14 TeV 15 ab !, 27 TeV :
\) Coupling (t = Zu) Coupling (t = Zc) t—gu 4.0(20) x 1075 3.8x 1076 5.6 x 1077
XL, =0.005 /ﬁﬂ\ X%, =0.013 0.444 I t — gc . 32.1x 1076 107 I
XE,=0005 [ 0064 | XZE =0.017 oa | —ox 1.7(24) x 104 24-58x10°° I
Soue = 0,035 TeV~!| 0.030 |t = 0123 Tev™' 0377 | —— 0016(0.182)% 8.6 x 106 |
Sut = 0.041 TeV~' \ 0043 ) S5t = 0172 Tev—! 0739 | t e . 7.4x10°5 |
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Concluding Remarks

e Atthe LHC, the top quark FCNC are studied mostly by searching for rare decay
of the top quark, whereas at LHeC and FCC-he, we can probe these couplings
influencing the production itself.

e Study of the vertex structure is very much favourable at the future ep - collider
for EW processes in particular

e Only t-channel, EW processes are possible at the production

e Scattered electron from the primary vertex gives extra handle to probe internal
structure

e Top quark polarization can be utilized effectively

Summary

Our studies consolidate further the strong case of
LHeC/FCC-he for better understanding of the top quark
properties and FCNC couplings.
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Concluding Remarks

e Atthe LHC, the top quark FCNC are studied mostly by searchln for rare decay
of the top quark, whereas at LHeC and FCC-he, we can pro §e couplings
influencing the production itself. 6

e Study of the vertex structure is very much favourable(aﬂt\] future ep - collider
for EW processes in particular

e Only t-channel, EW processes are possib productlon
e Scattered electron from the prlmary gives extra handle to probe internal

structure
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properties and FCNC couplings.
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