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What are leptoquarks

Drell-Yan process at tree
level

arXiv:1610.03795

Six scalar LQ and six vector LQ
Two scalar LQ that don’t violate
Baryon number

R2 (3, 2, 7/6) and R̃2 (3, 2, 1/6)

Terminology: ElectroUp, MuoUp,. . .

L = −yij ūR,iRa2εabLbL,j + y′ij ēR,iR
a∗
2 Q

a
L,j + h.c.
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Reasons for research
Grand unified theory
Mediators of dark matter-SM interactions
Feature in models beyond the SM like SUSY, technicolour and
composite models
Explanation for some anomalies in low-energy flavour
experiments
One possibility of NP particle that couples to SM fermions

Indirect searches provide stronger limits
Hints even if

Mass of LQ-pair higher than collision energy
Coupling strength of single production too low for direct
detection
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Reasons for dilepton measurements

Drell-Yan process at tree
level

arXiv:1610.03795

More precisely reconstructed than
most other final states
Easily triggerable
Background sources well known
High rates

LQ produce a peak in the invariant mass spectrum (mll)

LQ produce a left-right or forward-backward asymmetry in the
angular spectrum
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mll probe

dσtot ≡ dσtot
d cos θ = dσSM + dσint + dσLQ

arXiv:1610.03795

Constructive
interference increase
the rate of dileptons
LeptoUps interfere
always constructive
Destructive
interference for small
yde and/or high mLQ

mll � mLQ: dσtot ≈ dσSM + const.
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Dilepton angular distribution

arXiv:1610.03795

Normalized cross-section for two different mll

Huge difference between SM and LQ model
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Definition forward-backward asymmetry

AFB ≡

[∫ 1
0 −

∫ 0
−1

]
dcθ

d2σ
dcθdmll[∫ 1

0 +
∫ 0
−1

]
dcθ

d2σ
dcθdmll

=
NF −NB

Ntot
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Forward-backward asymmetry by Collins and Soper

Boost every event along the beam axis to the dilepton
centre-of-momentum frame
Neglect the transverse momentum

cos θCS =
ptotz
|ptotz |

2
pl

−
+ p

l+
− − pl

+

+ p
l−
−

m2
ll

with pi± ≡
(
Ei ± piz

)
√

2

ACSFB =
N (∆ |η| > 0)−N (∆ |η| < 0)

N (∆ |η| > 0) +N (∆ |η| < 0)
with ∆ |η| ≡

∣∣η−∣∣− ∣∣η+
∣∣
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Problems with forward-backward asymmetry by Collins and
Soper

∆ |η| isn’t invariant under longitudinal Lorentz boosts
Use not-so-evident analytical equations or use a Monte Carlo
phase shift generator
AFB(SM) vanishes for γ and is finite for Z mediated processes

The angular distribution should be
frame-independent
vanishing in SM
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Centre-edge asymmetry

Angular distribution
depends on |∆η|
There is always a
well-fitting y0 that fulfils
ACE(SM) = 0

arXiv:1610.03795

ACE(mll) =
N (0 < |∆η| < y0)−N (y0 < |∆η| < ymax)

N (0 < |∆η| < y0) +N (y0 < |∆η| < ymax)
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Atomic parity violation

Wood, et al measured 1997 the nuclear weak charge in
caesium-133
LQ change the value depending on the coupling

∣∣y(u,d)e

∣∣2
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Muon anomalous magnetic moment

3σ discrepancy between experimental and theoretical value of
aµ =

(g−2)µ
2

Constraining limits are weaker than limits from other probes
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Single and pair production

The final state of single produced LQ is l+l−j
LQ change the amplitude of Drell-Yan processes
Sensitive to coupling yLQ and mass mLQ of LQ

Pair-produced LQ decaying to l+l−jj, νν̄jj and νl±jj
LQ change mll and transverse Energy ET
Pair-produced LQ are QCD-dominated and hence only
sensitive to small yLQ
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Complete measurement results

arXiv:1610.03795

mll spectra from
ATLAS
mll from M. B.
Wise and Y. Zhang
AFB from CMS
Pair production
from ATLAS
Single production
from CMS
APV with 2σ from
Wood, et al
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Summary

arXiv:1610.03795 arXiv:1610.03795

dσtot = dσSM + dσint + dσLQ
Differences between SM and LQ in angular distributions like
forward-backward asymmetry
Up to now only limits to the mass and coupling of LQ
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Outlook

arXiv:1610.03795

Atomic parity violation
Forward-backward asymmetries
mll spectra
Dashed: integrated luminosity L = 300 fb−1

Solid: integrated luminosity L = 3000 fb−1
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Outlook

More data with LHC run ii
Probe with other quarks
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mll distribution

dσSM =
1

32πm2
llNc

∑
spins

|MSM |2

dσint = − 1

32πm2
llNc

∑
spins

2<
(
MSMM∗LQ

)
dσLQ =

1

32πm2
llNc

∑
spins

|MLQ|2

with the number of QCD colours Nc = 3, the SM amplitude
MSM =Mγ +MZ and the amplitude for the LQMLQ



mll distribution

Mγ =iQqe [v̄(pq̄)γ
µu(pq)]

−gµν
m2
ll

[ū(pl−)γνv(pl+)]

MZ =i
[
v̄(pq̄)γ

µ
(
gqLPL + gqRPR

)
u(pq)

] −gµν
m2
ll −M2

Z − iΓZMZ[
ū(pl−)γν

(
gqLPL + gqRPR

)
v(pl+)

]
MLQ =iy2

ql [v̄(pq̄)PRv(pl+)]
1

t̂−m2
LQ

[ū(pl−)PLu(pq)]
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Constructive and destructive interference
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Contours of the ratio dσtot
dσSM

at mll = 1500GeV
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Forward-backward asymmetry in the SM

Analytical solution for the SM forward-backward asymmetry for
mll �MZ :

AFB =
3

4

βeΓ
1
− + Γ 2

−
β2
e + βeΓ 1

+ + Γ 2
+

where

βe = 2e2QqQl

Γn± =
[(
gqL
)n ± (gqR)n] [(glL)n ± (glR)n]

AFB(SM, q = u, l = e) = 0.6043 and AFB(SM, q = d, l = e) = 0.6365
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Direct searches with pair production

Pair production Feynman diagrams

arXiv:1610.03795
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Direct searches with pair production
Single production Feynman diagrams

arXiv:1610.03795
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