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Plan of talk

Introduction to Leptoquark (LQ)

o Motivation for R, LQ

Constraints on LQ mass and coupling.

LHC vs LHeC/FCC-he

Channel-1: etp — /%)

o Channel-2: etp — jN
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Introduction

o Leptoquark(LQ): predicted in many BSM scenarios. Ex. unified models,
technicolor model and models exhibiting quark and lepton substructures.

@ 6 scalar LQ's and 6 vector LQ's. [Buchmuller, Ruckl and Wyler PLB(1987)]

@ SU(3)c : triplet; SU(2), : singlet, doublet, triplet

° ‘Fermion number: F =3B + L ‘

F =0 (Genuine LQ) ; F =42
Review on LQ: [I. Dor3ner et al., 2016]
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Motivation for R~2 LQ

2
3

Rx(3,2,1/6) = (R, R> *)"; Ng(1,1,0) = RH neutrino

L= —Y;dhe] R + (YUpnns)jdigvi Ry >+
(Vexm2) ;05 NLR2® + Z,JdLN{?R;lB +he,

[I. Dorsner et al. 2014; S. Mandal et al. 2018; M. Mitra et al., 2018 ]

o Allows matter stability at tree level. Accessible at collider.

o Presence of Ng = [m, ~ 'x% — Seesaw Mechanism (£552)
R
[Weinberg, 1979; Minkowski, 1977; Yanagida, 1979; Mohapatra and Senjanovic,

1980

o LQ — Ngj = Ng production independent of the mixing between light and

heavy neutrino (7).
R

4/1a



Constraints on LQ mass and coupling

Atomic Parity Violation "

s —— er

Lapy ~ %Clq(57“75ec'77“q) LFV process s I;/
M, e K| — u et ¢
Y| < 0.3 9 L
1TeV i
— 1Yo, Y| < 2.1 x 1075 (ﬁf
e
| Yoe| < 0.36 —=
1TeV

e Large couplings allowed for heavy LQ.
[I. Dorsner et al., 2014]

Collider bounds on M, q

o pp — LQLQ — ejej/evjj
o For 1st generation LQ, Mo < 1.4 TeV ruled out.
[CMS collaboration, A. M. Sirunyan et al., 2019]

5/14



10° \
N Scalar LQLQ-ee]
N\
107 A}
\ — Observed
% " \,\ ...... Expected
R N\
“‘Q . —.— Theory(8=1)
01073
.......... —— (-:"--
10 ™
N\,
N,
500 1000 1500 2000
Mpp[Gev]

e A(LQ — e j) < 1= relaxed bound

[CMS collaboration, 2019]

0.9
0.8
0.7
0.6
05
0.4
0.3
0.2
0.1

G AL L R Ly R R ELLL) RRRRI LA

CMs

95% CL limits
----- ec] (Exp)
— ecjj (Obs.)
- ev] (Exp.)
—— evj| (Obs.)
- = eej| + evjj (Exp.)
—— egjj + evjj (Obs.)

200

400 600

800

AP PRI BRI BT
1000 1200 1400 1600

m, [GeV]

o Combined limits on S(LQ — ej) .

MLQ[GGV] Y11 Zu
687 0.233 | 1.29
860 0.29 | 1.27
1000 0.34 | 1.03
1110 0.377 | 0.84
1204 0.41 | 0.65

LD (Yidre, + Z1n b NR) LQ

6/14



LHC vs LHeC/FCC-he

LHeC : e (60 GeV) & p (7 TeV), /s =1.3 TeV, £L =1lab ™!
FCC-he : e (60 GeV) & p (50 TeV), /s = 3.46 TeV, £ = 3ab*
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e CMS limit translated to M, — Y11 plane.

Use of polarized e-beam = Factor of 2 enhancement in o

=} = = = £ DA
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Channel-1: e*p — %)

o Signal: etp — I
e SM BKG: etp — Itj, I%jj
o Table: 1 (LHeC)

ep—1j etp— I o Table'3
% [fb] | oP%e [fb] %8 [fb] | oP& [fb]
No cut 4016 | 2180 3923 | 1440
G N>1iN>1 301 | 1644 2085 | 1079 (o e e
¢ ¢+ pr(h) > 400 0.365 | 13.98 11.77 6.54 \ 1TV ] 1006V ] 034.0.0) [ (105.0.01]
&t e+ prijs) > 400 0275 | 951 892 | 4.48 . . S
A P TR AR e el R ° sngnal sek'ectlon criteria:
Significance for £ — 1 fb | 0.107 25 High pr jet and lepton,
cut on / —j invariant
o Table: 2 (FCC-he) J
mass.
e p—17j efp— 1) . g . .
58 [fb] | 0% [fb] | | o5 [fb] | o™ [fb] o Significant reduction in
No cut 305.08 | 10900 1246.4 | 9597 kag
a N>1+N>1 35441 | 9836.93 | | 1119.03 | 8652.58 :
& o+ pr(h) > 400 180 | 839.141 578.13 | 611.450
& ¢+ pr(js) > 400 12097 | 618.063 | | 417.06 | 441.812
a Gt [Mig— My <100 | 119.0 | 141112 | | 383.50 | 90.279
Significance for £ =1 fb ™' 7.42 17.6
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£ <1000 fb*

e e™ beam = Mg upto 3 TeV can
be probed with £ < 500-fb™%.
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Channel-2: ep — jN

L =—Y;dhel R + (VekmZ) i) Ny R2®

q q
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Comparison of R, model with seesaw scenario
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ep — JN, N — Ij

Different signatures: 02 y

TTT
=

o Prompt decay of RHN = one
prompt lepton + multi jet 014

o Boosted RHN = j + ju ( Fat jet)

My < Mg = collimated decay 008
product.

IS}

o
o

T T O T [T T T[T ITT

t L — E— E—

0.0:

oTrTT

o Boosted + Displaced RHN = j + j¢ (Displaced Fat jet)

My < Mg and cry > 1 mm

o jet + MET = c7y > detector size
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There are bounds on mass and coupling of LQ. Tightest bound is from
CMS experiment.

LHeC and FCC-he provide larger cross section than LHC upto a
certain M, q.

o(e*p — I* j) depend on Yukawa coupling. Results presented here are
specific to chosen value of coupling.

cross section for the channel, ep — jN is larger than usual seesaw
scenario.

A single channel, ep — jN, N — /jj leads to various signatures.

Thank you for your attention!
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