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F - fermion number 
 

F = 3 B + L 
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i
Rd

j
LR

+2/3 ⇤
2 + y2 ij ū
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LQ PAIR PRODUCTION @LHC 

yq 

= YUKAWA COUPLING ( yq ) 

yq 

LQ 

LQ 
LQ 

LQ 

l 

q 

q 

dependence on the leptoquark Yukawa coupling y
q

. If a scalar leptoquark LQ couples to

a quark q and any lepton l with Yukawa coupling y
q

the conventional leptoquark pair

production cross section can thus be written as

�pair
qq

(y
q

, mLQ) = �pair
QCD(mLQ) + ainterference

qq

(mLQ)y2
q

+ �pair
qq

(y
q

, y
q

, mLQ), (2.3)

where �pair
QCD(mLQ) and �pair

qq

(y
q

, y
q

, mLQ) have been featured before and we assume, again,

that y
q

is real. If y
q

is small, the cross section depends solely on the leptoquark mass

mLQ and the particularities associated with the hadron machine itself and it is given by

�pair
QCD(mLQ). In fact, �pair

QCD(mLQ) has been known for a long time at the next-to-leading

order in QCD.

The last term in Eq. (2.3) corresponds to a t-channel exchange of a lepton l with

the qq pair in the initial state. Again, it does not depend on the type of lepton that the

leptoquark couples to and the relevant cross sections are given in Fig. 4. Finally, there is

the interference term ainterference
qq

(mLQ)y2
q

that turns out to always be negative. There is

thus a dip in the cross section below the �pair
QCD(mLQ) value as Yukawa coupling is increased

before y
q

becomes su�ciently large to make the third term in Eq. (2.3) that is of quartic

nature in terms of y
q

to start to dominate over the interference term that is of quadratic

nature. We note that the automated inclusion of the t-channel term at the next-to-leading

order in QCD has also been performed in the literature.

The things, though, can change with regard to interference e↵ect if a scalar leptoquark

LQ couples to a quark q and any lepton l with Yukawa coupling y
q

and another quark q0

and the same lepton with Yukawa coupling y
q

0 . There will then exist four interference terms

ainterference
qq

(mLQ)y2
q

, ainterference
q

0
q

0 (mLQ)y2
q

0 , ainterference
qq

0 (mLQ)y
q

y
q

0 , and ainterference
q

0
q

(mLQ)y
q

y
q

0 ,

where the last two can obviously exhibit constructive interference if y
q

and y
q

0 defer in sign.

The point we want to make here is that the conventional pair production of leptoquarks

is sensitive not only to Yukawa coupling strengths but also to the relative sign between

relevant Yukawa couplings even when these cuplngs are taken to be real.

With these preliminary considerations out of the way we turn towards quantitative

analysis of asymmetric pair production mechanism within several concrete scenarios of

new physics.

2.1 Case studies: S1(3,1, 1/3) vs. R2(3,2, 7/6) vs. S1(3,1, 1/3) + R2(3,2, 7/6)

Our aim is to advocate the importance of inclusion of asymmetric pair production mech-

anism in the qualitative analysis of the viable leptoquark parameter space if and when

required. To that end, we discuss, in what follows, current experimental constraints within

a context of three di↵erent scenarios of new physics that can also pedagogically illustrate

various phenomenological intricacies associated with the leptoquark pair production signa-

tures.

The first of these scenarios involves a presence of a single scalar leptoquark S1 of

electric charge Q = +1/3, i.e., S+1/3
1 . The relevant parts of the S1 lagrangian, for our

– 9 –
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C i
R ejRS

+1/3
1 + h.c.

L = +yµ̄RuLR
+5/3 ⇤
2 + yµ̄RdLR

+2/3 ⇤
2 + yūC

RµRS
+1/3
1 + h.c.

1

(SU(3), SU(2), U(1)) LQ SYMBOL CHIRALITY TYPE (LQ-q-l) F

(3,3, 1/3) S3 LL �2

(3,2, 7/6) R2 RL, LR 0

(3,2, 1/6) R̃2 RL 0

(3,1, 4/3) S̃1 RR �2

(3,1, 1/3) S1 LL, RR �2

LQ ! ql

LQ ! ql

S3

R2

R̃2

S3

S1

S̃1

R2

R̃2

�pair = f(↵s,mLQ)

�Sq = y2q` gq(↵s,mLQ)

q = u, d, s, c, b

L = +y1 ij ē
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i
Ru

j
LR

+5/3 ⇤
2 + y1 ij ē
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C i
R S1e

j
R + h.c.

L = +(y1V
†)ij ē
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i
Ru

j
LR

+5/3 ⇤
2 + y1 ij ē
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RµRS
+1/3
1 + h.c.

1

(SU(3), SU(2), U(1)) LQ SYMBOL CHIRALITY TYPE (LQ-q-l) F

(3,3, 1/3) S3 LL �2

(3,2, 7/6) R2 RL, LR 0

(3,2, 1/6) R̃2 RL 0

(3,1, 4/3) S̃1 RR �2

(3,1, 1/3) S1 LL, RR �2

LQ ! ql

LQ ! ql

S3

R2

R̃2

S3

S1

S̃1

R2

R̃2

�pair = f(↵s,mLQ)

�Sq = y2q` gq(↵s,mLQ)

q = u, d, s, c, b

L = +y1 ij ē
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C i
R ejRS

+1/3
1 + h.c.

L = +yµ̄RuLR
+5/3 ⇤
2 + yµ̄RdLR

+2/3 ⇤
2 + yūC
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C i
R S1e

j
R + h.c.

L = +(y1V
†)ij ē
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C i
R ejRS

+1/3
1 + h.c.

L = +yµ̄RuLR
+5/3 ⇤
2 + yµ̄RdLR

+2/3 ⇤
2 + yūC
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i
RR

a ⇤
2 Qj,a

L + y2 ij ū
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i
Ru

j
LR

+5/3 ⇤
2 + y1 ij ē
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ReRS
+1/3
1 + h.c.

y ⌘ y1 11 = y2 11



A CASE STUDY 

I. D., Svjetlana Fajfer, and Ajla Lejlić, arXiv:2103.11702. 

2

L = +yµ̄RcLR
+5/3 ⇤
2 + yµ̄RsLR

+2/3 ⇤
2 + yc̄CRµRS

+1/3
1 + h.c.

L = +y(V †)2j µ̄Ru
j
LR

+5/3 ⇤
2 + yµ̄RsLR

+2/3 ⇤
2 + yc̄CRµRS

+1/3
1 + h.c.

µLQ

V

�Pq = a0(mLQ) + a2q(mLQ)y
2
q + a4q(mLQ)y

4
q

�uu & �uu

�ud & �ud

�dd

�ud & �du

�Pu

�Pd

µLQ = �(mLQ, y)/a0(mLQ)

mLQ ⌘ m
R+5/3

2
= m

R+2/3
2

= m
S+1/3
1

y ⌘ y1 21 = y2 21

Vij = �ij

p
s = 13TeV

139 fb�1

�(pp ! LQLQ ! qeqe)

qq & qq

qq

L = +yēRuLR
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+5/3 ⇤
2 + yēRdLR
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i
Rd

j
LR

+2/3 ⇤
2 + y2 ij ū
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C i
R S1e

j
R + h.c.

L = +(y1V
†)ij ē
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CONCLUSIONS 

I have presented a novel leptoquark production mechanism that yields 
asymmetric leptoquark pairs @LHC.  
 
The mechanism is ether (qiqj & qiqj) or qiqj initiated, where qi, qj = u, 
d, s, c, b.  
 
In all instances one has to have two different leptoquarks that couple 
to a lepton of the same flavour and chirality. The qiqj (qiqj & qiqj) 
initial states correspond to scenarios when the two leptoquarks have 
the same (deferent) fermion numbers. 
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