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couplings.

 Originally, they were considered in Grand Unified theories (Pati-Salam, SU(S), etc.), they also
appear e.g. in the R-parity violating MSSM.

Due to their ability to explain the flavor anomalies, LQs started to receive wide attention in
recent years.

If the couplings to the individual SM fermion generations are different, LQs generate LFUV.
Experimentally, we have the highest sensitivity to LQs interacting with first generation
fermions.
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* \We recently published the complete Lagrangian and set of Feynman rules for the scalar
LQs, including

- Interactions with SM fermions, gauge bosons and the Higgs
- LQ-LQ-Higgs(-Higgs), LQ-LQ-LQ(-Higgs) and LQ-LQ-LQ-LQ self-interactions.

* They feature a novel representation of interactions involving charge-conjugated fermions.

A. Denner, H.Eck, O.Hahn, l/_leWZ — l/_jgerf > +

J. Kiiblbeck (Denner:1992vza)

 We provide a FeynRules model file that allows for exports to FeynArts and MadGraph5_aMC@NLO,
constituting a powerful tool for for the automatization of scalar LQ phenomenology studies.
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4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):
 The CAA is a deficit in first row CKM unitarity.

14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):
 The CAA is a deficit in first row CKM unitarity.

e A
M = =V, Oy [agy" Prdy] ey, Prve]

V2

14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):
 The CAA is a deficit in first row CKM unitarity.

4G A
M = =V, Oy [agy" Prdy] ey, Prve]

V2

14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):
 The CAA is a deficit in first row CKM unitarity.

2

VE| = \/1 WAL - vl & \/1 — v
4G 2
Heie = T; ik Cik a7 Prdy | [y, Prve|
>
'I

e
%%
d Ve

u

14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):
 The CAA is a deficit in first row CKM unitarity.

2 2
|Vué9‘ — \/1 — Vfd — ‘Vub‘z ~ \/1 — Vuﬁd ................. > Vuﬁs — 02281(7) :
4G Ao T }
Hﬁff — —\/iF ]ijkj [UJ’Y’U’PLdk] [G’VMPLVG} ,
 J

14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):
 The CAA is a deficit in first row CKM unitarity.

2

|Vué9‘ — \/1_ Vuﬁd 2_‘Vub‘2% \/1— Vuﬁd -----------------
4G .
Hﬁ?f — Tg jkcfky [”I_LjV'U’PLdk] [é’yuPLVe} :

Paper: arXiv:2101.0/7811

14

VP =0.2281(7),

VEus = 0.22345(67),
VEu2 = (0.22534(42) ,

Vhes = 0.22320(61),
VT =0.2195(19),

SUSY 2021, Luc Schnell


https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):

» The CAA is a deficit in first row CKM unitarity:. Vis"® = 0.22345(67)
VEu2 = (0.22534(42) ,

CAA
2 2 B __
Ve :\/1_ Vel v, 2%\/1_ Vol i eeccccemmmmmm-- » Vius=02281(7), <=---- >
Vi ud| ~ [V ud V. Kes — (.22320(61)
V. =0.2195(19),
4G A
Hﬁ?f — T; ijf/Z [ﬂﬂ“’PLdk] [é”mPLVe} ;
>

14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):

» The CAA is a deficit in first row CKM unitarity:. Vis"® = 0.22345(67)
VEu2 = (0.22534(42) ,

CAA
2 2 B _
Vués :\/1_ Vﬁ — |V, 2%\/1_ VB _________________ 3 Vu5_02281(7)7 *----- >
Vi ud| ~ [V ud V. Kes — (.22320(61)
V. =0.2195(19),
4G .
Hefr = T; ikCsk [uy" Prdy | ey, Prve)

> | w
l' “
1% 6 LQ
d Ve d e
14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):

» The CAA is a deficit in first row CKM unitarity:. Vis"® = 0.22345(67)
VEu2 = (0.22534(42) ,

2 2 5 CAA
Vo] = \/1 — VI = V| = \/1 — V| mmmmmmmmmmamaa > Vus = 02BUT), #mm=e- > VEes — (0.22320(61),
V. =0.2195(19),
Mo = %ijéﬁ 47" Prdi| (€, Prve)
I’ ‘\
. u o —1 cpep_y
dL(<y€ d%e RN TeR 6V5d Cia'
u D = Ty Vur O
14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Cabibbo-Angle-Anomaly (CAA):

» The CAA is a deficit in first row CKM unitarity:. Vis"® = 0.22345(67)
VEu2 = (0.22534(42) ,

CAA
2 2 8 _
Vui _ \/1 _vAl _ V., 2 \/1 B 7 > Vus — 02281(7) , ®====- >
| ud| ~ [Vus| ud 4 VEes —0.22320(61)
: V™ =0.2195(19),
v 4GF Yev [ — — l‘
Heft = ~75 VRCii (w7 Pre] [evuPrve] \
o % \
:' “ “
e U —1 — “
w 0 Cff = =70y |
V2Gr  Vud V8 — L (14 Ocve
d Ve d e 1 B ud ud( + 11 )
ey — SBCE—6 0(3)
" 1% 12 \/iGF Vus fa
14

Paper: arXiv:2101.07811 SUSY 2021, Luc Schnell



https://arxiv.org/abs/2101.07811

4. Observables

4.1 Low-Energy Precision Observables

Parity violation experiments:
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4.2 High-Energy Direct Searches
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4.2 High-Energy Searches

Non-resonant di-lepton analysis by CMS:
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Non-resonant di-lepton analysis by CMS:

 The CMS collaboration performed an analysis of
non-resonant di-lepton events, finding an excess in
di-electrons.
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5. Results
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5. Results

5.3 Combined Constraints

Exclusion limits for all LQ representations:
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compiled the current and prospective limits.
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6. Conclusions

We derived combined constraints on first generation LQs including both low-energy
precision observables and high-energy direct searches.

Although the CAA could in principle be explained by the LQ representations 35, V5, the
necessary parameter space is excluded by other observables we considered.

Parity violation experiments yield strong constraints on LQ representations, we have
compiled the current and prospective limits.

The non-resonant di-lepton analyses performed by CMS and ATLAS are highly relevant for
first generation LQs. The excess in di- electrons found by the former can be explained with

the LQ representations S, S,, V;, V, (k (K>~ # 0) and V; that interfere constructively with the
SM contribution.
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4.2 High-Energy Searches

Non-resonant di-lepton analysis by ATLAS:
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Non-resonant di-lepton analysis by ATLAS:

 ATLAS followed a different strategy, measuring the di-
lepton events in only one signal region from 2.2 to 6
TeV (constructive case).
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4. Observables
4.2 High-Energy Searches

Non-resonant di-lepton analysis by ATLAS:

 ATLAS followed a different strategy, measuring the di-
lepton events in only one signal region from 2.2 to 6
TeV (constructive case).

* They also measured a ~ 20 excess in di-electron
events in the constructive channel, still consistent
with the SM hypothesis.
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4. Observables
4.2 High-Energy Searches

Non-resonant di-lepton analysis by ATLAS:

 ATLAS followed a different strategy, measuring the di-
lepton events in only one signal region from 2.2 to 6
TeV (constructive case).

* They also measured a ~ 20 excess in di-electron

events in the constructive channel, still consistent
with the SM hypothesis.

* Thelr measurements can be recasted, yielding
stringent constraints on first generation LQs.
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