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Outline

© Rp(-) anomalies

@ S; Leptoquark

© Existing Constraints

@ Existing Collider Searches
© Proposed Search
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B-anomalies (Rp))

e Existing experimental anomalies in semi-leptonic decay (b — clv):
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B-anomalies (Rp))

@ Current status:

Rp:1.40, Rp.:290, Rpand Rp,:3.4c
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Lepton Flavor Universality Violation(LFUV)?

@ In the SM:

Ur

e Lepton Flavor Universality Violation(LFUV) in BSM Physics?
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Possible Solution: S; Leptoquark

Ls = ng,-CI'TzLJ'S:l + ygu,gieRj + h.c.

= Sil(V*y)ijufite — (vo)idSvi + uferi] + h.c.

L L
Y33 B Y33
b—»——<—7T7; b—>——<—T,
S _ S _
L T R T
Vebyss Y23
c c

Figure: b — c7v via the S; leptoquark

We will focus only on the two-coupling case.
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\Yi d: Existing Constraints

Low-Energy Flavour Observables Used DSixTools

@ Ry« anomalies M.Blanke et af [1811.09603]
e P.(D*): 7 polarization of B — DX~ [1811.09603]
e F (D*): D* polarization of B — DX~ [1811.09603]
° g\;ﬁ', gfﬁ' weak coupling Y.Cai et al [1704.05849]
° gW?V weak coupling A.Crivelin et a [1905.08257 |

Figure: S; leptoquark contribution to Wrv and Z77 couplings

Koay Yong Sheng (BCTP, UniBonn) Searches for the S; Leptoquark March 29, 2022 7/18



Best Fit Parameters

o 3-dim parameter space (Ms,, y&, yi%)
@ To reduce it to 2-dim space, we fix our yi% to its best fitted value
considering the relevant observables:
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Figure: Couplings of best fit with Ms, =1TeV
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Best Fit Parameters
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Figure: Couplings of best fit with different Ms,
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Method: Existing Constraints

LHC SearCheS Used FeynRules, Madgraph, Pythia8, Delphes, Tauola, CheckMATE
@ 3rd Gen. LQ Searches (tt77) aTLAs @ 13Tev, 1301 [2101.11582]
@ SUSY Searches (bb + MET) atias e 137ev, 361 [1708.09266]
A Searches (TT) ATLAS @ 13TeV, 36fb ! taken from A. Angelescu et al [1808.08179]

+
T b Cc T
i , L ) \\/
g 5 t 31/// ‘
L, :/ i 51
\\\ 5 \\\\ I
7 T A /\\
T b c T

Figure: Examples of processes in LHC searches
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Best Fit
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@ Still some unconstrained parameter space region left
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@ Unconstrained parameter space region can be searched using the
b+j-+7h+MET signature (Recall b — c7v)
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Check current reachable LHC capabilities (139fb~1) at 13 TeV
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cTbv Search: Background Processes

Background process

c @ Wjets :
W+ jj—rvj, W+j — 1vj
g P - o tt:

S WbWb — jirvTy, WbWb — jjjiTv

- @ single top :

5 - B JWb — jjTv

g N\ v @ Z/y+jets :

_ Z/y 4 = YT, Z)y+j =TT
b @ QCD background(multijets)
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cTbr Search: Cutflow

Benchmark:

yi2=02 y3¥=-07, ms =800GeV, (2)

Cutflow of our event selection process:

Cuts | Total Background,B | Signal,S | Significance, S/vB
Basic Cuts 77752.832 88.382 0.316
pF™ > 900 GeV 4210.600 71.340 1.099
MET > 200 GeV 3558.907 60.742 1.018
pr(7) > 200 GeV 673.752 40.198 1.548
pr(b) > 150 GeV 377.098 32.821 1.690
pr(j) > 50 GeV 360.185 31.479 1.658
Miny(b,j) > 100 GeV 357.208 31.398 1.661
m(r, MET) > 350 GeV 14.331 21.650 5.718
r>06o0rr<0.2 10.650 19.792 6.064
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Results: b+j+7,+MET signature
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@ The discovery sensitivity of proposed search is at current LHC
capabilities (13TeV at 139fb~1)
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Conclusion

@ Rp(«) anomalies have been here for awhile now
@ 51 LQ is one of the possible single LQ solution
© There are still possible gap in collider searches

@ Can be patched up with b+j+7,+MET search
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Thanks

Questions?
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Backup: c7br Search: Developing cuts

The best way to come up with cuts is to have an idea of how the
distributions of the variables look like. We want to take away as much
back ground while still retaining most of our signal. As an example,
looking at pr sum:

Prsum = Py, + Prj, + Pre + MET, (GeV)
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Possible Solution: S; Leptoquark

Ls, = YgQ,'C/.7'2Lj51 F ygu,gieRj + h.c.

= SU(V*y)guGle — (v)idSve + uSeri] + hec.

Variations of the model:

e 51 + S3 leptoquark : Rp, Ri»), 8-2 V. Gherardi et af [2008.09548]
@ S5; + R» leptoquark . Rpt), Rk, 82, my, D. Zhang et al [2105.08670]
@ S; + ¢ charged singlet  : Rp, Rk, 82, |Vis] D. Marzocca et af [2104.05730]
@ 51 + xo, x1 fermions : Rp(+), Dark Matter G. Bélanger et al [2111.08027]

But for our studies, we focus only on single 51 leptoquark solution to the
Rp(+) anomalies.
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