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.
Flavor Anomalies

e Recent hints for LFU violation
» b — cfv transitions (3.1 o)
» b — S£¢ transitions (3.1 o)
» (§—2),(4.20)

» Even more

e | eptoquarks possible solution
» Mass at TeV scale
» Preferential couplings to 2"Y/3™ generation
 Weaker indirect bounds
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HFLAV: R(D)-R(D*
LHCb: arXiv:2103.11769

Muon g-2: PRL 126, 141801 (2021)
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https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/r_dtaunu/rdrds_spring2019.pdf
https://arxiv.org/abs/2103.11769
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801
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Leptoquarks

Properties

e New scalar or vector bosons

> Need 1 vector or 2 scalar LQs to explain anomalies
e Simultaneous coupling to quark and lepton
e % =BR(LQ — g7) =1 —BR(LQ — gv) free parameter

Production at the L HC
e Pair production via QCD

» Depends only on M|
e Single production

» Depends on M| o and LQ — gZ coupling A
e Non-resonant processes

> t-channel LQ

> Also depend on M| o and 4
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Leptoquarks

Properties

e New scalar or vector bosons

> Need 1 vector or 2 scalar LQs to explain anomalies
e Simultaneous coupling to quark and lepton

e % =BR(LQ — g7) =1 —BR(LQ — gv) free parameter

Production at the LHC

» Depends only on M|
le Single production

> Depends on /M|  and LQ — qf Coupllng /1 '

 Non-resonant processes
> t-channel LQ
> Also depend on M| o and 4
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]
LQ pair — qZ / bZ ATLAS: JHEP10(2020)112

ATLAS | llpaa
Vs=13TeV, 139 fo"' I mo=1TeV, B=1

= 10°

e ATLAS search using 2 e/u and 2 jets 8 1o
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W Uncertainty

e Categorisation using b- and c-tagging s Pre-fit background
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e First time: optimised sensitivity to b and cZ couplings 108

107
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP10%25282020%2529112&v=11877415

-
Single LQ — q7 ATLAS: ATLAS-CONF-2021-045

o ATLAS search fore™u™ and e u™ asymmetry U
e In SM pp collisions: e " u™ slightly favored

» Single LQ with q# couplings: enhances et~
e First single LQ result from ATLAS

u—eS, (= pc), for scalar leptoquark S,
III|IIII|IIII|IIIIIIIIIIIIIIIIIII

e Single LQ production |

> Sensitive to LQ — g7 coupling 4 # & ;E 0.8 &
» Exclusion limits depend on A ZZ

» Pair-production reach exceeded for 4 > 0.6 05
» Mpo < 1.74TeV excluded at 1 = 1 (scalar) 0.4

ATLAS Preliminary
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All limits at 95% CL
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https://cds.cern.ch/record/2779180?ln=en
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R
LQ pair — qu/bv /tv

CMS: PhysRevD.98.032005

o SUSY searches for pair-produced squarks: Q — q )

» For M(y) — 0: Same final state as LQ — qu

e Reinterpretation in LQ models

» Signal acceptance similar

e CMS: Interpretation in scalar and vector scenarios
» Excludes My S 1 TeV (scalar) and up to 1.8 TeV (vector) (35.9 b~ )
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.98.032005&v=438fab5c

CMS: Phys. Rev. D 98, 032005 (2018)

LQ pair — qU /br | tv ATLAS: Eur. Phys. J. C 80 (2020) 737
ATLAS: JHEP 05 (2021) 093

o SUSY searches for pair-produced squarks: Q — q )

» For M(y) — 0: Same final state as LQ — qu N
e Reinterpretation in LQ models .

» Signal acceptance similar

e CMS: Interpretation in scalar and vector scenarios
» Excludes M; S 1 TeV (scalar) and up to 1.8 TeV (vector) (35.9fb™")

o ATLAS considers varying %: Excludes M o S 1.2 TeV (scalar) at 8 = 0 (139 fb™')
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.98.032005&v=438fab5c
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1140%2Fepjc%2Fs10052-020-8102-8&v=f64d8afb
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP05%25282021%2529093&v=c35811f2

S
Single + Pair LQ — qu CMS: arxiv:2107.13021 (subm. to JHEP)

e CMS Mono-jet search u Ve
» Signature of single LQ — qu k)
> Analysis also sensitive to LQ pair production 4
» Search in p's spectrum LQ "

e Single LQ production

137 fb~1, 2016-2018 (13 TeV)
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https://arxiv.org/abs/2107.13021
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i CMS: JHEP 03 (2019) 170
LQ couplings to bt < tv CMS: JHEP 07 (2018) 115

° LQ — br (% — 1)
» CMS excludes M, S 1 TeV
(scalar LQ pair)

» CMS probes highest A
(scalar single LQ)
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP03%25282019%2529170&v=07ae7a62
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP07%25282018%2529115&v=041f8f97

_ CMS: JHEP 03 (2019) 170
LQ couplings to bt & tv

CMS: JHEP 07 (2018) 115
CMS: Phys. Lett. B 819 (2021) 136446

e LQ—->br (B=1) 35.9 b (13 TeV) 35.9 1" (18Tev)
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP03%25282019%2529170&v=07ae7a62
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1007%2FJHEP07%25282018%2529115&v=041f8f97
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.physletb.2021.136446&v=a599d0c7

N
LQ couplings to bt & tv

ATLAS: arxiv:2108.07665 (subm. to. PRD)

°® LQ —_ bT ((@ — 1) LQ;LQ; production (Yang-Mills scenario), LQ;—>bt/tVT

—
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https://arxiv.org/abs/2108.07665

ATLAS: arxiv:2108.07665 (subm. to. PRD)

[EPJC 80 (2020) 737]

e Combination with LQ — tv (% = 0)
» ATLAS excludes M| 5 S 1.2 TeV for all
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/
https://arxiv.org/abs/2108.07665
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e
LQ couplings to br < te/tu

° 14(2 — te (52? — 1) Mﬂﬂw,fwwwwwmwwwwwwwwwnww

ATLAS: Eur. Phys. J. C 81 (2021) 313
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1140%2Fepjc%2Fs10052-021-09009-8&v=ef5172da

e
LQ couplings to br < te/tu

¢ LQ—>t€ (%:1)

» ATLAS excludes M}, 5 1.5TeV
(scalar LQ pair)

* First result testing this coupling

o LQ—>t//l (%:1)

» ATLAS excludes M} 5 5 1.5TeV
(scalar LQ pair, 139 fb~)

ATLAS: Eur. Phys. J. C 81 (2021) 313
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1140%2Fepjc%2Fs10052-021-09009-8&v=ef5172da
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/

ATLAS: Eur. Phys. J. C 81 (2021) 313

LQ couplings to b < te/tu ATLAS: Summary
CMS: PRL 121, 241802 (2018)
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ATLAS: Eur. Phys. J. C 81 (2021) 313

LQ COUplingS to bI/ Ay te/t//l ATLAS: Summary
CMS: PRL 121, 241802 (2018)
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LQ couplings to by < tr

© LQ—>tT (9?:1)

> ATLAS excludes M < 1.43 TeV
(scalar LQ pair, 139 fb™)

» CMS excludes M| 5 0.9 TeV
(scalar LQ pair, 35.9 tb™ )

Arne Reimers (UZH)

ATLAS: JHEP 06 (2021) 179
CMS: Eur. Phys. J. C 78 (2018) 707

8 [ ATLAS N :
s» [ Vs=13TeV, 13910’ — Obs. limit :
S i ot = Exp. limit E
O F\.95% CL - Exp. t1o .
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% ‘i\ ---------- Median expected limit 3
X E \ P 68% expected E
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LQ couplings to by < tr

° LQ—>tT (%:1)

> ATLAS excludes M < 1.43 TeV
(scalar LQ pair, 139 fb™)

» CMS excludes M| 5 0.9 TeV
(scalar LQ pair, 35.9 tb™ )

e LQ - tz/brv (B =0.5)

» ATLAS excludes M 5 1.25TeV
(scalar LQ pair)

» CMS excludes M| 5 0.9 TeV
(scalar LQ pair + single)

Arne Reimers (UZH)

ATLAS: arxiv:2108.07665 (subm. to. PRD)
CMS: Phys. Lett. B 819 (2021) 136446

LQg LQg production, LQZ —tt/bv,
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ATLAS: Summary

[arXiv:2101.12527]

° LQ —> tT/bU (9? = 05) 0.2 ATLAS, 36.1 fb (obs.)

0.1 [JHEP 06 (2019) 144]

LQ couplings to by < tr CMS: Eur. Phys. J. C 78 (2018) 707
o LQ e tT (% — 1) ’E 1_P/|3—|>|I-QI3LQ3 alllllcolntou:'slaltl%/lclor}flcli:.ar?c? IzlavlelI T I‘:urllel202:1
9k g ATLAS Preliminary =
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0.4 [ATLAS-CONF-2021-008]
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ATLAS: Summary

LQ couplings to br < tr CMS: PRL 121, 241802 (2018)
o LQ —> tT (@ — 1) ’E 1:p TITQ.3LQ3| aIIcoIntc|>u:'slalt|95|>/lclor}flcli:t.ar?c? IzlavlelI T I‘:ur|1e|202:1
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TE N\ W e expected =
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0-4;— [ATLAS-CONF-2021-008] —;
LQ /b % O 5 0'3;_ F;(;:it\(/):r;{gf.msz?] _;
o — tr/bv (% =0.)) 0.2E _ Yopey
0.1 : ..... SLI_EAPSGS ?;ozbg) (1 24]') —i
» ATLAS excludes M 5 1.25TeV 0 : :
(scalar LQ pair) 600 800 1000 1200 1400 1600 1800 2000 2200 2400
m(LQ3)[GeV]
» CMS excludes M, S 0.9TeV tue Siaannaaaner ?’:,?'.9|§F"1‘.}F’T?Y)
(scalar LQ pair + single) & PP
Do o
e Combination with LQ — bv (A = 0) 7'.:';06
10
» ATLAS excludes M; 5 S 1.2 TeV 2B .
10

for all values of &% 0.4
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Summary

* Leptoquarks potential solution to LFU anomalies s ATLAS — _
» Third-generation couplings preferred %’@gj / ﬁzl:f%’wgfb1 :
e ATLAS and CMS probe coupling matrix systematically gg '''''' [] :
» Focus on pair production so far o4 s con 2z 0
e No deviations from SM: Exclusion limits of 1—2 TeV %21 ;806(09)(]]) —
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