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Introduction
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B → K*ℓ−ℓ+
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 Theoretically much cleaner than 

 Experimentally quite challenging due to two missing neutrinos— 
     — No signal has been observed so far 
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[2104.12624]

SM = (4.6 ± 0.5) × 10−6

BR(B+ → K+νν̄) × 105

Expavg = (1.1 ± 0.4) × 10−5

Rν
K = 2.4 ± 0.9

 Inclusive tagging technique from Belle II has higher efficiency~4% 
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 Effective Hamiltonian with all possible dim-6 operators for

Includes light right-handed neutrinosSM FCNC contribution
= -12.7

Observables: Branching ratio, differential distribution in q2

Longitudinal polarization fraction in B → K*νν̄

b → sνν̄
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Variation with individual Wilson coefficients

All operators can achieve the expected range
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B-anomalies
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 Tensions in FCNC decay rate ratios
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 Tensions in FCNC decay rate ratios

b c

 Exciting discrepancies observed in charged current B decays also 
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 Tensions in FCNC decay rate ratios

b c

 Exciting discrepancies observed in charged current B decays also 
deviations~            : Anomalies!!2 − 3σ
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ℓ q

LQ

R-parity violating SUSY, GUTsIdea from ‘70s:

Mediators Operators

S1(3̄, 1, 1/3)

Uμ
3 (3, 3, 2/3)
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Vμ
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𝒪V
LL

Ūμ
1(3, 1, −1/3) 𝒪V
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Spin
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0
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1
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Interaction terms

𝒪S
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Y22 Y23

Y32 Y33

b → cτν̄ :
Large      ,       values required for              are 
excluded from  

Y23 Y33 R(D(*))
B0

s − B̄0
s

 1st generation couplings stringently constrained from Kaon, lepton data

𝒫V
LL

S3 :
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b → sμμ:

b → cτν̄ :
Large      ,       values required for              are 
excluded from  

Y23 Y33 R(D(*))
B0

s − B̄0
s

 1st generation couplings stringently constrained from Kaon, lepton data

Only ~2% enhancement in       withRν
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LL
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LL
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However allowed range of       ,       together with     ,       explaining 
                  anomalies give
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Y22 Y23

Y32 Y33

b → sμμ:

b → cτν̄ :
Large      ,       values required for              are 
excluded from  

Y23 Y33 R(D(*))
B0

s − B̄0
s

 1st generation couplings stringently constrained from Kaon, lepton data

Only ~2% enhancement in       withRν
K

Y23 Y33 Y22Y32

b → sμμ Rν
K = 2.4 ± 3.6

𝒫V
LL

b → sνν̄: CV
LL

Y22Y32

S3 :
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Mediators

+ RHN

S1(3̄, 1, 1/3)

Uμ
3 (3, 3, 2/3)

R̃2(3, 2, 1/6)

Vμ
2 (3̄, 2, 5/6)

Ūμ
1(3, 1, −1/3)

S3(3̄, 3, 1/3)

Spin

0

0

0

1

1
1

RK RK* R(D) R(D*) Rν
K

R[1,6]
K* >1 — no effect — no effect

— no effect —
+ RHN

— no effect — — no effect —

PHENO 2022, Pittsburgh



Heavy

9 Rusa Mandal, Siegen U.

Z′� :

 Neutral current

b → sμμ:

Stringently constrained from tree-level contribution to B0
s − B̄0

s

LH couplings

,
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Z′� :

 Neutral current

b → sμμ:

Stringently constrained from tree-level contribution to B0
s − B̄0

s

LH couplings

b → sμμ:LH + RH couplings &

No new contribution to Rν
K ≃ 1.1

,
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[CVLL]αα [CVRL]αα [CVLR]αα = [CVRR]αα [CSLL]αα = [CSRL]αα = [CSLR]αα = [CSRR]αα [CTLL]αα = [CTRR]αα

Differential distribution variation in di-neutrino invariant mass squared

(axial)vector operators can enhance/suppress with shape unchanged

(pseudo)scalar operators alter overall shape 
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 Experimental challenges might be overcome with inclusive 
    tag technique@Belle II — expecting signal soon?!

 Possibilities to connect the indicated excess with both NC and CC 
   B-anomalies in `simplified’ models:

— RHN explanations to               are excluded for               by B → K(*)νν̄S1 & R̃2

— Heavy     explaining                  with minimal setup can not enhance 

—      explaining CC B-anomalies &      in NC+CC framework can 
   produce expected enhancement in

S1 S3

Z′� b → sμμ Rν
K

R(D(*))

Rν
K

 Study of     distribution is important to disentangle  
    different NP scenarios 

PHENO 2022, Pittsburgh
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Running factors:

SMEFT matching



Neutral current
 Hamiltonian and relevant operators for 
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b ! sµµ

He↵ =
�4GFp

2
Vtb V

⇤
ts

X

i

Ci(µ)Oi(µ) ,

New contribution to 
(axial)vector currents

C9 ! C9 + CNP
9

C10 ! C10 + CNP
10
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Y22 Y23

Y32 Y33

b → sμμ:

R[1,6]
K tension slightly reduced

R[1,6]
K* > 1 disagreement

R̃2 :

C′�9 = − C′�10



b → sνν̄: generated with RHN 
No interference with SM
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S1 :
No tree-level contribution, 1-loop effect requires large  
couplings incompatible with other data 

b → sμμ :

Y22 Y23

Y32 Y33

b → cτν̄ : 𝒫V
LL

Large      ,       values forbidden from  Y23 Y33 B0
s − B̄0

s & Z → ττ
R(D(*)) ∼ 1.04 R(D(*))SM

b → sνν̄: CV
LL

LH only
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Vector leptoquarks
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Uμ
3 :

Full UV model is needed for reliable estimates of loop induced processes 
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Ỹ32 Ỹ33
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Differs in form factor dependence
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Uμ
3 :

Full UV model is needed for reliable estimates of loop induced processes 

Y22 Y23

Y32 Y33
b → sμμ:

b → cτν̄ :
Large      ,       values required for              are 
excluded from  

𝒫V
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Y23 Y33 R(D(*))
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       Vμ
2 :

Ỹ22 Ỹ23

Ỹ32 Ỹ33
Y22 Y23

Y32 Y33
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b → cτν̄ : 𝒫V
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b → sμμ:

Differs in form factor dependence

CS = − CP, C′�S = C′�P

Rν
K ≃ 2.4b → sνν̄: CV

LL
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