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Outline

@ A model-independent way to test the anomaly using ATLAS and CMS

@ A possible correlation of the anomaly with the Higgs naturalness

@ R-parity violating Supersymmetry with light 3rd generation



Model-independent Collider Analysis

T
b W+ v
B
c
D*

@ In a nut-shell, the anomalous behavior is in the basic process: b — crv.
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@ In a nut-shell, the anomalous behavior is in the basic process: b — crv.

@ This necessarily implies by crossing symmetry an analogous anomaly
ing-+c— brv.

@ Leads to a model-independent collider probe: pp — brv.



Effective Operators

@ The effective 4-fermion Lagrangian for b — c7v in the SM is given by

4GV
G\Ffz b (v PLb) (TY*Prv;) + H.c.

@ Same Lagrangian gives rise to pp — b7y, but the rate is
CKM-suppressed.
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@ Need not be the case in a generic NP scenario, which might be
observable above the SM background at the LHC.

@ Various dimension-6 four-fermion operators possible: [Freytsis, Ligeti, Ruderman
(PRD '15)]

OVR,L = (EVHPR,Lb) (7_—/7,U,PLI/)
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SM Backgrounds

@ The direct pp — brv is suppressed by |V,,|*.

@ In a realistic hadron collider environment, however, there are other
potentially dangerous backgrounds.
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@ The mis-ID rates at the LHC typically are at the level of ~ 1%.

@ With basic trigger cuts pi”* > 20 GeV, £, > 20 GeV, |*| < 2.5 and
ARY9P > 0.4, we find the dominant contribution comes from pp — Wj
and pp — bbj.

@ osm(pp — brv — bl + Er) ~ 50 pb at /s = 13 TeV LHC.



Signal Rate

@ We consider the dimension-6 NP operators Oy, , and Og,, .

@ For a typical choice gnp/A% = (1 TeV)~2, the signal cross section for
pp — btv — bl + E of oy ~ 1.1 pb (vector case) and o5 ~ 1.8 pb (scalar
case), both at \/s = 13 TeV LHC.



Signal Rate

@ We consider the dimension-6 NP operators Oy, , and Og,, .

@ For a typical choice gnp/A% = (1 TeV)~2, the signal cross section for
pp — btv — bl + E of oy ~ 1.1 pb (vector case) and o5 ~ 1.8 pb (scalar
case), both at \/s = 13 TeV LHC.

@ Can directly probe mediator masses up to around 2.4 (2.6) TeV at 30 CL
in the vector (scalar) operator case with O(1) couplings at /s = 13 TeV
LHC with £ =300 fb~".

@ The signal-to-background ratio can be significantly improved by using
specialized selection cuts, e.g. p5 > 100 GeV, My, > 100 GeV and £,>
100 GeV.



Kinematic Distributions
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Cut Efficiency

Cut Efficiency
Observable | value SM Signal Signal
(GeV) | background | (Vector case) | (Scalar case)
100 0.01 0.52 0.56
Py 50 0.10 0.78 0.82
30 0.44 0.92 0.94
100 0.13 0.99 0.33
b 50 0.47 1.00 0.62
30 0.75 1.00 0.84
100 0.18 0.96 0.76
My 50 0.63 0.99 0.94
30 0.88 1.00 0.98
100 0.01 0.54 0.70
Er 50 0.09 0.70 0.86
30 0.29 0.79 0.92




Possible Hint for Natural SUSY with RPV

@ Anomaly involved 3rd generation of the SM.

@ Speculation: May be related to Higgs naturalness?

@ An obvious UV-complete candidate: Natural SUSY with light 3rd
generation. [Brust, Katz, Lawrence, Sundrum (JHEP ’12); Papucci, Ruderman, Weiler (JHEP "12)]

@ Coupling unification still preserved, even with RPV.
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Explaining the R, Anomaly

@ Consider a minimal RPV SUSY setup with the \’-couplings.
L=\ (D dirdir, + dipdigvie + digvdir
7EiLakRujL — ithZz'kRe,-L — dZRéfLujL} —+ H.c.
@ Leads to the effective 4-fermion interactions: [Deshpande, He (EPJC '17)]
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@ Contributes to Ry, at tree-level: b — by — crv.



Allowed Parameter Space
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Explaining the R, Anomaly
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Conclusion and Outlook

@ If the R, anomaly is true, we should find an anomaly in the high-energy
signal of pp — brv.

@ Provides a model-independent high-py test of the R, anomaly at the
LHC.

@ Since it involves the 3rd generation, the origin of the anomaly might be
related to the Higgs naturalness problem.

@ A specific scenario that addresses this issue: Natural SUSY with RPV.
@ Common explanation of R, and R ?



