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Overview & 
scope

• Babar (2012): RD(*) => SM + TYPE-II 2HDM
• BELLE (soon thereafter) => no clear confirmation of 

Babar (2012)
• LHCb (2014) : RK => FV O(2) sigma
• ADS’ (2017) => minimal RPV3 => addresses RD(*) in 

a highly motivated theoretical framework
• Belle (2019) : RD(*) not 4 sigma but at best around 

3sigma
• LHCb(2019) RK =2.5 sigma
• LHCb(2021) RK~ 3.1 sigma! ; FNAL(2021)[+BNL’04]: 

(g-2)_mu => 4.2 sigma!
• FX et al(2021) : Collider signals of RPV3
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outline

Recapitulate flavor anomalies….Pros & Cons

Why RPV3

Tests for IF

Implications for LHC & beyond

Summary
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Based primarily on

By Fang Xu, Bhupal Dev + A.S  to appear soon

Altmannshofer, Dev, A S, Yicong Sui, arXiv:2002.12910 PRD 2020
Altmannshofer, Dev, A. S, arxiv: 1704. 06559; PRD  2017
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RD(*) anomally
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RK(*) 
anomally
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Recent experimental 
developments
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LHCb efforts to  control the 
systematics
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Muon (g-2): Fermilab seminar 
04/07/21
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Expt (yr) Th: Data driven…
Disp relation, R-
ratio (yr)

Deviation:Expt –Th
(significance)

comments

BNL(01):

11659202(15.1)
[1.3 ppm]

(01):
11659159.6 43(16) ~ 2.7 Ნ

BNL(04):
11659214(8.5)
[0.7 ppm]

288(80) ~ 3.6 Ნ

Fermilab (21):
116592040(54)
[0.46 ppm]

WP(21):
116591805(50)

[0.43 ppm]
235(52) ~ 4.5 Ნ

An experimental 
Triumph!
Very likely an 8th

one for BNL!

WA(21):
116592061(41)
[0.35 ppm]  

WP(21):
116591805(50)

[0.43 ppm]
251(59)  ~ 4.2 Ნ

How trustworthy
are the errors in 
the WP?

Muon (g-2) in units of 10-11
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Attempt to address anomalies 
with RPV3
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Possible signals @ 
LHC & Beyond
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Crossing-symmetry on RD(*); 
RK(*)=> c ADS’[17]; ADSS[20]
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Few Important implications of RPV3 4 LFV

HET Lunch 061121; minimal RPV3-flavor anomalies 56



HET Lunch 061121; minimal RPV3-flavor anomalies 57



HET Lunch 061121; minimal RPV3-flavor anomalies 58



HET Lunch 061121; minimal RPV3-flavor anomalies 59



Conclusion
• RK is theoretically very clean. Also, LHCb has made special efforts to control 

systematic errors. Their recent result based on the full data set of 9/fb seems 
to increase the chances for a new physics interpretation and the previous 
discrepancy with the SM of around 2.5 sigma has now increased to ~ 3.1 sigma.

• Despite all that, this can NOT be regarded a compelling evidence of new 
physics.

• First of all a genuine signal of LFV requires also deviations from the SM in B => 
K*,

• Bs => phi as well as in B-baryons. Even more desirable would be a confirmation 
of this LFV signal from Belle=II.

• Moreover, O(3.1 sigma) deviations often disappear.  Indeed, recall that in fact 
an LHCb result (2012) in charm CP of roughly the same significance as RK did 
not survive ~ 2years

HET Lunch 061121; minimal RPV3-flavor anomalies 60



HET Lunch 061121; minimal RPV3-flavor anomalies 61



HET Lunch 061121; minimal RPV3-flavor anomalies 62



If LFV survives 
further 
scrutiny 
theoretical 
case for RPV3-
SUSY is rather 
compelling

• O(36) param in RPV3-SUSY, O(20) in 
SM….What does RPV3 buy for you?

• Radiative stability of the Higgs
• Gauge coupling unification
• A very important accidental symmetry 

of the SM is “explained”
• Many non-trivial predictions
• RK AND RK*, both are  <1 as in SM 
• D* polarization remains the same as 

in SM
• For Dl3 or Kl3 similar R-ratios should 

stay unity as in SM for a very long 
time to come ; c BEPS-III 
arxive:2106.02292
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xtras
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Then there is an SU4 symmetry for each flavor. Use 4x4bar=15+1 for the 
u ubar vector mesons to get a SU4 15 rep and one singlet rep.
The 15 and the 1 are not degenerate; i.e. they even have different decay 
channels and widths.

This is completely parallel to isospin, where q qbar pairs combine to a 
triplet rho and a singlet omega that are not degenerate.

Since the d dbar has an independent taste symmetry, there will be another 
15 and another singlet.

The two singets can combine in the usual way to a flavor symmetric omega and flavor 
antisymmetric neutral rho.
The serious problems arise with the 15's. The taste symmetries for the up and down 
quarks are independent, and thus
they are 15's in different groups. They cannot combine.
So our vector spectrum has 2 15 reps and 2 singlet reps, all non-
degenerate and with different decay channels.

The only way I can imagine out of this is for the photon not to couple to any 
of the 15's. But they can always be produced
in pairs, and there are pairs of taste 15 pions out there as well. This is just 
too much of a mutilation of the spectrum to be believed.

Mike


