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Introduction
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B → K*ℓ−ℓ+

Rusa Mandal, Siegen U.
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loop suppressed 
SM amplitude

sensitive to new 
particle in loop

B0 K(*)ū

 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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ν
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Hamiltonian
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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 
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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)

R̃2(3, 2, 1/6) 𝒪V
RL, 𝒪V

LR, 𝒪S,T
LL , 𝒪S,T

RR

𝒪V
LL

Vμ
2 (3̄, 2, 5/6)

𝒪V
LL

Ūμ
1(3, 1, −1/3) 𝒪V

RR

S3(3̄, 3, 1/3)

Spin

0

0
0

1
1
1

Interaction terms

𝒪S
RL

𝒪S,V,T
RR , 𝒪S,V,T

LL
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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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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

𝒫V
LL

S3 :
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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

𝒫V
LL

b → sνν̄: CV
LL

Y22Y32

S3 :
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However allowed range of       ,       together with     ,       explaining 
                  anomalies give

7 Rusa Mandal, Siegen U.

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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Y22 Y23

Y32 Y33

b → sμμ:

R[1,6]
K tension slightly reduced

R[1,6]
K* > 1 disagreement

R̃2 :

C′�9 = − C′�10
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b → sνν̄: generated with RHN 
No interference with SM
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Y22 Y23

Y32 Y33
Z22 Z23

Z32 Z33

b → sμμ:

R[1,6]
K tension slightly reduced

R[1,6]
K* > 1 disagreement

b → cτν̄ :

R̃2 :

C′�9 = − C′�10

CS
LL

RHN coupling
𝒫S

LL = − 4𝒫T
LL

+

HEP journal club, Hawaii



b → sνν̄: generated with RHN 
No interference with SM
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Y22 Y23

Y32 Y33
Z22 Z23

Z32 Z33

b → sμμ:

R[1,6]
K tension slightly reduced

R[1,6]
K* > 1 disagreement

b → cτν̄ :

R̃2 :

C′�9 = − C′�10
RK

�

R(D* )

R(D)
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K
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+
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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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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

Ỹ22 Ỹ23

Ỹ32 Ỹ33

b → cτν̄ : 𝒫V
LL, 𝒫S

LL = − 4𝒫T
LL

b → sνν̄: CV
LL

LH+RH 

+
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Y22 Y23

Y32 Y33
Z22 Z23

Z32 Z33

RHN coupling

S1 :

+

b → sνν̄: generated with RHN 
No interference with SM

b → cτν̄ : 𝒫S
RR = − 4𝒫T

RR

R(D* )

R(D)
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�
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Vector leptoquarks
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Uμ
3 :

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

Y22 Y23

Y32 Y33

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

𝒫V
LL

Y23 Y33 R(D(*))
Rν

K
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Vector leptoquarks
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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
LL

Y23 Y33 R(D(*))
Rν

K

Rν
K ≃ 2.4b → sνν̄: CV

LL
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Vector leptoquarks
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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
LL

Y23 Y33 R(D(*))
Rν

K

Rν
K ≃ 2.4b → sνν̄: CV

LL

       Vμ
2 :

Ỹ22 Ỹ23

Ỹ32 Ỹ33
Y22 Y23

Y32 Y33
+

b → cτν̄ : 𝒫V
RL R(D) R(D*)

Differs in form factor dependence
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Vector leptoquarks
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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
LL

Y23 Y33 R(D(*))
Rν

K

Rν
K ≃ 2.4b → sνν̄: CV

LL

       Vμ
2 :

Ỹ22 Ỹ23

Ỹ32 Ỹ33
Y22 Y23

Y32 Y33
+

b → cτν̄ : 𝒫V
RL R(D) R(D*)

b → sμμ:

Differs in form factor dependence

CS = − CP, C′�S = C′�P

Rν
K ≃ 2.4b → sνν̄: CV

LL
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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 —
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Heavy
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Z′� :

 Neutral current

b → sμμ:

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

s

LH couplings

,
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Heavy
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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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Summary
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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

 Other links—Dark matter connection?! [1111.6402]
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Charged current
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Running factors:

SMEFT matching



Neutral current
 Hamiltonian and relevant operators for 

5

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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Model independent bound
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Assuming SM sensitivity with full Belle-II data —  
bounds on EFT Wilson coefficients [2111.04327]
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Tree One-loop
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<latexit sha1_base64="bl4B6OQ0EzdHgeEgu2S15Saxh4M=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKexqwOQW1IMXIYJJxGQJs5PeZMjs7DIzK4SQv/DiQRGv/o03/8bJQ/BZ0FBUddPdFSSCa+O6705mYXFpeSW7mltb39jcym/vNHScKoZ1FotY3QRUo+AS64YbgTeJQhoFApvB4GziN+9QaR7LazNM0I9oT/KQM2qsdNs+R2EouezoTr7gFkuVsntcIb+JV3SnKMActU7+rd2NWRqhNExQrVuemxh/RJXhTOA41041JpQNaA9blkoaofZH04vH5MAqXRLGypY0ZKp+nRjRSOthFNjOiJq+/ulNxL+8VmrCsj/iMkkNSjZbFKaCmJhM3iddrpAZMbSEMsXtrYT1qaLM2JByNoTPT8n/pHFU9Cy/KhWqp/M4srAH+3AIHpxAFS6gBnVgIOEeHuHJ0c6D8+y8zFozznxmF77Bef0AcbWQxg==</latexit>

<latexit sha1_base64="FluMhNN41e6tBQKC5O2RCj11s6I=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoPgKexqwOQW1IMXIYJJxGQJs5NOMmR2dpnpFcKSv/DiQRGv/o03/8bJQ/BZ0FBUddPdFcRSGHTddyezsLi0vJJdza2tb2xu5bd3GiZKNIc6j2SkbwJmQAoFdRQo4SbWwMJAQjMYnk385h1oIyJ1jaMY/JD1legJztBKt+1zkMjoZafbyRfcYqlSdo8r9Dfxiu4UBTJHrZN/a3cjnoSgkEtmTMtzY/RTplFwCeNcOzEQMz5kfWhZqlgIxk+nF4/pgVW6tBdpWwrpVP06kbLQmFEY2M6Q4cD89CbiX14rwV7ZT4WKEwTFZ4t6iaQY0cn7tCs0cJQjSxjXwt5K+YBpxtGGlLMhfH5K/yeNo6Jn+VWpUD2dx5Ele2SfHBKPnJAquSA1UiecKHJPHsmTY5wH59l5mbVmnPnMLvkG5/UDWvmQtw==</latexit>

<latexit sha1_base64="N5yqX/9TDfVfPDwunPI8axcY26U=">AAAB/HicdVDLSgMxFM3UV62vapdugkVwNaS12M6u6MZlBfuAzlDupGkbmswMSUYopf6KGxeKuPVD3Pk3pg9BRQ+EHM65l3vvCRPBtSHkw8msrW9sbmW3czu7e/sH+cOjlo5TRVmTxiJWnRA0EzxiTcONYJ1EMZChYO1wfDX323dMaR5Ht2aSsEDCMOIDTsFYqZcv+AZS7JsY+9L+Q5ASevkicb1azSMVTNwKIZVq2ZJzz/MuCC65ZIEiWqHRy7/7/ZimkkWGCtC6WyKJCaagDKeCzXJ+qlkCdAxD1rU0Asl0MF0sP8OnVunjQazsiwxeqN87piC1nsjQVkowI/3bm4t/ed3UDGrBlEdJalhEl4MGqcD21nkSuM8Vo0ZMLAGquN0V0xEooMbmlbMhfF2K/yetsluy/KZSrF+u4siiY3SCzlAJVVEdXaMGaiKKJugBPaFn5955dF6c12Vpxln1FNAPOG+fcmOUpg==</latexit>

Z ! ⌧⌧
<latexit sha1_base64="Tj2Y4Kh0amHyzldnMsmaM+nxyIE=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6YOtrMrunFZwT6wM5ZMmmlDM5khySil9D/cuFDErf/izr8xnVZQ0QMJh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6GLmt++oVCwR13qc0iDGA8EiRrA20u2NrxPoa5zlX69URrZXq3nIhch2EXKrFUNOPc87Q9CxUY4yWKDRK737/YRkMRWacKxU10GpDiZYakY4nRb9TNEUkxEe0K6hAsdUBZN86yk8NkofRok0T2iYq987JjhWahyHpjLGeqh+ezPxL6+b6agWTJhIM00FmQ+KMg7NqbMIYJ9JSjQfG4KJZGZXSIZYYqJNUEUTwtel8H/SqtiO4VduuX6+iKMADsEROAEOqII6uAQN0AQESPAAnsCzdW89Wi/W67x0yVr0HIAfsN4+AYHjkoY=</latexit><latexit sha1_base64="Tj2Y4Kh0amHyzldnMsmaM+nxyIE=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6YOtrMrunFZwT6wM5ZMmmlDM5khySil9D/cuFDErf/izr8xnVZQ0QMJh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6GLmt++oVCwR13qc0iDGA8EiRrA20u2NrxPoa5zlX69URrZXq3nIhch2EXKrFUNOPc87Q9CxUY4yWKDRK737/YRkMRWacKxU10GpDiZYakY4nRb9TNEUkxEe0K6hAsdUBZN86yk8NkofRok0T2iYq987JjhWahyHpjLGeqh+ezPxL6+b6agWTJhIM00FmQ+KMg7NqbMIYJ9JSjQfG4KJZGZXSIZYYqJNUEUTwtel8H/SqtiO4VduuX6+iKMADsEROAEOqII6uAQN0AQESPAAnsCzdW89Wi/W67x0yVr0HIAfsN4+AYHjkoY=</latexit><latexit sha1_base64="Tj2Y4Kh0amHyzldnMsmaM+nxyIE=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6YOtrMrunFZwT6wM5ZMmmlDM5khySil9D/cuFDErf/izr8xnVZQ0QMJh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6GLmt++oVCwR13qc0iDGA8EiRrA20u2NrxPoa5zlX69URrZXq3nIhch2EXKrFUNOPc87Q9CxUY4yWKDRK737/YRkMRWacKxU10GpDiZYakY4nRb9TNEUkxEe0K6hAsdUBZN86yk8NkofRok0T2iYq987JjhWahyHpjLGeqh+ezPxL6+b6agWTJhIM00FmQ+KMg7NqbMIYJ9JSjQfG4KJZGZXSIZYYqJNUEUTwtel8H/SqtiO4VduuX6+iKMADsEROAEOqII6uAQN0AQESPAAnsCzdW89Wi/W67x0yVr0HIAfsN4+AYHjkoY=</latexit><latexit sha1_base64="Tj2Y4Kh0amHyzldnMsmaM+nxyIE=">AAAB9XicdVDLSgMxFM34rPVVdekmWARXQ6YOtrMrunFZwT6wM5ZMmmlDM5khySil9D/cuFDErf/izr8xnVZQ0QMJh3Pu5d57wpQzpRH6sJaWV1bX1gsbxc2t7Z3d0t5+SyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6GLmt++oVCwR13qc0iDGA8EiRrA20u2NrxPoa5zlX69URrZXq3nIhch2EXKrFUNOPc87Q9CxUY4yWKDRK737/YRkMRWacKxU10GpDiZYakY4nRb9TNEUkxEe0K6hAsdUBZN86yk8NkofRok0T2iYq987JjhWahyHpjLGeqh+ezPxL6+b6agWTJhIM00FmQ+KMg7NqbMIYJ9JSjQfG4KJZGZXSIZYYqJNUEUTwtel8H/SqtiO4VduuX6+iKMADsEROAEOqII6uAQN0AQESPAAnsCzdW89Wi/W67x0yVr0HIAfsN4+AYHjkoY=</latexit>
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ν<latexit sha1_base64="0VUmJA3NoTzPSeTE1eBETLg0Mcs=">AAACBXicdZDLSgMxFIYz9VbrrepSF8EiCMKQ1mI7u6IbwU0Fe4HOWDJp2oZmMkOSEcrQjRtfxY0LRdz6Du58GzNtBRX9IfDxn3M4Ob8fcaY0Qh9WZmFxaXklu5pbW9/Y3Mpv7zRVGEtCGyTkoWz7WFHOBG1opjltR5LiwOe05Y/O03rrlkrFQnGtxxH1AjwQrM8I1sbq5vcvb46hq0PoRiwlEUPXxzIxMIHdfAHZTrXqoDJEdhmhcqVk4MRxnFMEizaaqgDmqnfz724vJHFAhSYcK9Upokh7CZaaEU4nOTdWNMJkhAe0Y1DggCovmV4xgYfG6cF+KM0TGk7d7xMJDpQaB77pDLAeqt+11Pyr1ol1v+olTESxpoLMFvVjDs3VaSSwxyQlmo8NYCKZ+SskQywx0Sa4nAnh61L4PzRLdtHwVblQO5vHkQV74AAcgSKogBq4AHXQAATcgQfwBJ6te+vRerFeZ60Zaz6zC37IevsE59+Xlg==</latexit>
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