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@ If achange in HVP brought ;" closer to &, problems in the global EW fit? (crivelin,
Hoferichter, Manzari, Montull, 2003.04886 (PRL '20); see also rebuttal in Borsanyi et al., 2002.12347 (Nature "21)]]
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@ Electron g — 2: 5.40 tension between Cs and Rb [Parker, Yu, Zhong, Estey, Mueller, 1812.04130
(Science *19); Morel, Yao, Clade, Guellati-Khelifa (Nature 20)]; 4.80 tension between numerical
evaluations of 5-loop coefficients [Acyama, Kinoshiya, Nio (Atoms *19); Volkov, 1909.08015 (PRD *19)]



Lepton Anomalous Magnetic Moment

%7 %w
7 z
" nop non

WP
BNLg-2 ———@—+
FNALG2 +——@—+
A N
420 >
—— ——+
Standard Model Experiment
Average
175 180 185 19.0 195 200 205 210 215
2104.03281 (PRL 21)

a,%10° - 1165900

e If achange in HVP brought a;

}-’VP fr?m: . - : .
LM20
BMW20 —o A not yet in WP20 (Iat)
ETM{8/19 ———@——
Mainz/CLS19
M19 e
PACS19 *
RBC/UKQCD18
MW 17 *
RBC/UKQCD A 3
datallattice %
BDJ19 O S
J17 L H
,,,,,,,,,,,,,,,,,,,,,,,, notusedin WP20_____ | |€
DHMZ19 i 8
KNT19 - K . ;
WP20 —— -
L Il Il \ 1 L L Il
-60 -50 -40 -30 -20 0 10 20 30
{ SM EXD ) X 10 2006.04822

(Phys. Rep. '20)

[see A. El-Khadra’s talk]

closer to &;*, problems in the global EW fit? (crivelin,

Hoferichter, Manzari, Montull, 2003.04886 (PRL '20); see also rebuttal in Borsanyi et al., 2002.12347 (Nature "21)]]

@ Electron g — 2: 5.40 tension between Cs and Rb [Parker, Yu, Zhong, Estey, Mueller, 1812.04130
(Science *19); Morel, Yao, Clade, Guellati-Khelifa (Nature 20)]; 4.80 tension between numerical
evaluations of 5-loop coefficients [Acyama, Kinoshiya, Nio (Atoms *19); Volkov, 1909.08015 (PRD *19)]

@ Tau g — 2: Limits too weak. Possible improvement from efe™ — 777~ at T
resonance in Belle Il. [Bernabeu, Gonzalez-Sprinberg, Vidal, 0807.2366 (JHEP '09)]



BSM Solutions to (g — 2),, Anomaly
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@ Need Aa, = 251(59) x 10~"" which is coincidentally at the same level as
a" =153.6(1.0) x 10"
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@ Essentially two choices:

@ Superweak interaction, small mass (e.g., ALP, dark photon, light Z’)
e O(1) interaction, large mass (e.g. 2HDM, SUSY, leptoquark)

@ New particle(s) in the loop can be anything: neutral/charged spin 0, 1/2, 1. [Lindner,
Platscher, Queiroz, 1610.06587 (Phys. Rep. '18)]
@ Need to be careful about the sign of the BSM contribution.

@ Also often need flavor non-universal couplings to avoid other experimental
constraints (mostly involving electron/quark sector).
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° Flavor Changlng Charged Current — tree-level in the SM (only CKM-suppressed).
@ All experimental measurements to date are consistently above the SM prediction.
@ 3.30 discrepancy (HFLAV gives 3.10) — Lattice can improve SM prediction.

@ BSM effect has to be large — < O(TeV)-scale new particle.
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BSM Solutions to Rp-) Anomaly
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@ Charged Higgs solution in type-Il 2HDM (MSSM-type) goes in the wrong direction

[BaBar, 1303.0571 (PRD '13); Belle, 1906.06871].

@ In general, tension with LHC mono-7 data [Greljo, Camalich, Ruiz-Alvarez, 1811.07920 (PRL *19)]
and induces a large BR(B; — 7v) > 50% which is problematic [aionso, Grinstein, Camalich,
1611.06676 (PRL '17); Akeroyd, Chen, 1708.04072 (PRD '17); Aebischer, Grinstein, 2105.02988]

@ W’ solution is challenged by LHC di-tau data [raroughy, Greljo, Kamenik, 1609.07138 (PLB '17)]
and by precision Z-pole observables [Feruglio, Paradisi, Pattori, 1606.00524 (PRL '17)].
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@ Charged Higgs solution in type-Il 2HDM (MSSM-type) goes in the wrong direction

[BaBar, 1303.0571 (PRD '13); Belle, 1906.06871].

@ In general, tension with LHC mono-7 data [Greljo, Camalich, Ruiz-Alvarez, 1811.07920 (PRL *19)]
and induces a large BR(B; — 7v) > 50% which is problematic [aionso, Grinstein, Camalich,
1611.06676 (PRL '17); Akeroyd, Chen, 1708.04072 (PRD '17); Aebischer, Grinstein, 2105.02988]

@ W’ solution is challenged by LHC di-tau data [rFaroughy, Greljo, Kamenik, 1609.07138 (PLB '17)]
and by precision Z-pole observables [Feruglio, Paradisi, Pattori, 1606.00524 (PRL '17)].
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BSM Solutions to Ry maly
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BSM Solutions to Ry(.) Anomaly
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> Possible BSM models
*Heavy Z' model «Leptoquark model s . +Other new heavy
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ICHEP 2018 @Seoul a 9




BSM Solutions to All Flavor Anomalies
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Leptoquarks emerge as the winner! (or not too soon?)




Leptoquarks

@ Single scalar leptoquark solution [Bauer, Neubert, 1511.01900 (PRL '16)]
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@ Now disfavored by global fits (including b — sy~ observables, as well as LHC
constraints). [Angelescu, Becirevic, Faroudhy, Jaffredo, Sumensari, 2103.125041
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@ Now disfavored by global fits (including b — sy~ observables, as well as LHC
constraints). [Angelescu, Becirevic, Faroudhy, Jaffredo, Sumensari, 2103.125041

‘ Model Ry BRpo ‘RK(,] & Ry
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Us (3,3,2/3) v X X

@ Vector LQ must be embedded into some UV-completion [e.g. Heeck, Teresi, 1808.07492]
@ Solutions with more than one scalar LQ also possible. [Chen, Nomura, Okada, 1703.03251;
Bigaran, Gargalionis, Volkas, 1906.01870); Saad, 2005.04352; Babu, BD, Jana, Thapa, 2009.01771]
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@ Single scalar leptoquark solution [Bauer, Neubert, 1511.01900 (PRL '16)]
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@ Now disfavored by global fits (including b — sy~ observables, as well as LHC
constraints). [Angelescu, Becirevic, Faroudhy, Jaffredo, Sumensari, 2103.125041

‘ Model Ry BRpo ‘RK(,] & Ry
S3 (3,3,1/3)| v X X

S (3,1,1/3)| «x v X

R: (3,2,7/6)| x v x
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@ Vector LQ must be embedded into some UV-completion [e.g. Heeck, Teresi, 1808.07492]
@ Solutions with more than one scalar LQ also possible. [Chen, Nomura, Okada, 1703.03251;
Bigaran, Gargalionis, Volkas, 1906.01870); Saad, 2005.04352; Babu, BD, Jana, Thapa, 2009.01771]

An alternative route: RPV-SUSY \ (not just another LQ model)




Why SUSY?

Gauge hierarchy problem P

SUSY solution

Standard Model particles Supersymmetric partners
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© leptons O sleptons & sneutrinos

© force particles @ neutralinos §° & charginos §*

Natural SUSY

[Brust, Katz, Lawrence, Sundrum, 1110.6670 (JHEP '12); Papucci, Ruderman, Weiler, 1110.6926 (JHEP ’12)]




MSSM with R-Parity Violation
L ———_————————————————————
@ More natural to include RPV couplings, rather than imposing R-parity by hand.
[Brust, Katz, Lawrence, Sundrum, 1110.6670 (JHEP ’12)]

@ LFUV arises naturally — & la Yang-Mills. (8D, Soni, xu, 2106.15647]
@ Third generation may be special. (LFUV in B-sector, but not in D norin A)

@ RPV3: RPV SUSY with light 3rd-generation sfermions.
[Altmannshofer, BD, Soni, 1704.06659 (PRD '17)]



MSSM with R-Parity Violation
L ———_————————————————————
@ More natural to include RPV couplings, rather than imposing R-parity by hand.
[Brust, Katz, Lawrence, Sundrum, 1110.6670 (JHEP ’12)]

@ LFUV arises naturally — & la Yang-Mills. (8D, Soni, xu, 2106.15647]
@ Third generation may be special. (LFUV in B-sector, but not in D nor in A)

@ RPV3: RPV SUSY with light 3rd-generation sfermions.
[Altmannshofer, BD, Soni, 1704.06659 (PRD '17)]

@ Can naturally accommodate Ry.) (b — crv) via LQD interactions. [peshpande, He
(EPJC ’17); Altmannshofer, BD, Soni (PRD ’17); Trifinopoulos (EPJC '18); Hu, Li, Muramatsu, Yang (PRD '19)]

[ PO ¥ —C = A =~ ¥ =C
Liop = Nk [V Okrdi + di ki + diaPiidi — €idkaUi — Updkrei — kg€ uUi] + H.c

@ Can simultaneously explain R, (b — s¢¢) via LLE interactions, together with
LQD [Das, Hati, Kumar, Mahajan (PRD '17); Earl, Grégoire (JHEP "18); Trifinopoulos (EPJC '18); Hu, Huang (PRD ’20);
Altmannshofer, BD, Soni, Sui (PRD '20)]

1 ~ ~ = ~ . .
Lie= g)w'jk [ViLekF{ejL + éjLékrviL + ekFﬂ/,‘iejL — (i + j)] +H.c.

@ Muon g — 2 from both LQD and LLE terms, but LLE more relevant.



B-anomalies in RPV3
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Figure: RPV3 contributions to Ry.). [Deshpande, He (EPJC '17); Altmannshofer, BD, Soni (PRD '17); - - -]
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A Combined RPV3 Fit to All Flavo alies

Crossing symmetry

Az = -3 =28

MTeV| | . = 0.7 TeV
27 TeV !
100 TeV my = 4TeV
5 7 10 15 25 35

[BD, Soni, Xu (2106.15647)] 18



35
o 3
S
k)
I
I *
A
2
25 ~
3
2
>
5
P
0.6 0.7

15
[BD, Soni, Xu (2106.15647)]

19



Conclusion
B ————

@ Mounting evidence for the violation of lepton flavor universality.
[Crivellin, Hoferichter, 2111.1273 (Science '21)]

@ Can be explained by invoking BSM physics.

@ Leptoquarks and RPV-SUSY remain as the most attractive scenarios for a
simultaneous explanation of B-anomalies and muon g — 2.

@ Personal choice: RPV3 — motivated by Higgs naturalness and other beautiful
features of SUSY, while being consistent with null searches at the LHC.

e Removes the accidental flavor symmetry of the SM.

@ Same chiral structure as the SM = correct D* and  polarizations, as well as
Rk — Ry~ correlation come automatically.

Highly predictive and testable at Belle 1l, LHCb and high-pr LHC experiments.
e Improved lattice input for B — Kvi and Bs — Bs will be crucial.

o Flavor anomalies might be providing the first experimental hint of SUSY!
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@ Can be explained by invoking BSM physics.

@ Leptoquarks and RPV-SUSY remain as the most attractive scenarios for a
simultaneous explanation of B-anomalies and muon g — 2.

@ Personal choice: RPV3 — motivated by Higgs naturalness and other beautiful
features of SUSY, while being consistent with null searches at the LHC.

e Removes the accidental flavor symmetry of the SM.

@ Same chiral structure as the SM = correct D* and  polarizations, as well as
Rk — Ry~ correlation come automatically.

Highly predictive and testable at Belle 1l, LHCb and high-pr LHC experiments.
e Improved lattice input for B — Kvi and Bs — Bs will be crucial.

o Flavor anomalies might be providing the first experimental hint of SUSY!

Thank You.
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