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Outline

• Introduction 

• New contribution to  from heavy mediator 

• New decay modes involving new light states 

• A viable scalar DM model  

• Summary  

B+ → K+νν̄
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 in the SMB → K(*)νν̄

• Tree-level contribution is forbidden, suppressed by GIM mechanism at loop-level


• SM uncertainty is well-controlled, mainly from hadronic form factor


• SM prediction: 


•  + missing are cleanest modes to search for new physics

ℬ(B+ → K+νν̄)𝚂𝙼 = (4.43 ± 0.31) × 10−6

b → s

2301.06990 [hep-ph]

3

http://keynotetemplate.com


Visit	http://keynotetemplate.com	for	more	free	resources!

Recent Belle II result

• Combination: 


• Combine Belle II 2021 data, 


•  higher than SM prediction   New physics possibility

ℬ(B+ → K+νν̄)𝚎𝚡𝚙 = (2.3 ± 0.7) × 10−5

ℬ(B+ → K+νν̄)𝚊𝚟𝚎
𝚎𝚡𝚙 = (1.3 ± 0.4) × 10−5

2.7 σ ⇒

Hadronic Tag analysis (HTA) 
more conventional

Inclusive Tag analysis (ITA) 
more sensitive

Belle-II Collaboration
2311.14647
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Experimental results vs SM prediction

• 2.7  combination of the charged and neutral modes

• 1.9   
 

⇐

⇐ ℬ(B0 → K0*νν̄) ≤ 1.8 × 10−5 (90 % CL)

 
Rνν
K =

ℬ(B+ → K+νν̄)𝚎𝚡𝚙

ℬ(B+ → K+νν̄)𝚂𝙼
= 5.3 ± 1.7.

Rνν
K* =

ℬ(B → K*νν̄)
ℬ(B → K*νν̄)𝚂𝙼

≤ 2.7 or 1.9 .

Belle, 1702.03224

• Ratios of experimental observation over SM prediction could bypass NP hidden in CKM

The predictions for the charged and neutral modes are the same in many models
5
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New heavy mediators in the tree/loop, or new invisible particles in the final state

NP implication

New contributions to B → K(*) + νν̄

• Lepton flavor universality (LFU): same coupling to   


• Lepton flavor conservation without universality:  different coupling to 


• Lepton flavor violation (LFV):   with  are open

νeν̄e, νμν̄μ, ντν̄τ,
νeν̄e, νμν̄μ, ντν̄τ,

νiν̄j i ≠ j

New invisible particles in the final state

• Sterile neutrino-like particle : 

• DM/ dark sector particles: 

• 2-body with dark scalar: 

B → K(*) + νN, B → K(*)+NN̄
B → K(*)+𝙳𝙼 + 𝙳𝙼

B → K(*)+ϕ(S)[X]
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EFT vs model interpretation 

• Non-universal U(1)′ models: , etc 


• Leptoquarks: , , , ,  


• R-parity violating SUSY,


• Scalar mediator coupling to DM particles,


• DM models 

U(1)Lμ−Lτ

S0(3̄,1,1/3) S̃1/2(3,2,1/6) S1(3̄,3,1/3) V1/2(3̄,2,5/6) V1(3,3,2/3)

 EFTs

• SMEFT, SMEFT


• LEFT


• DMEFT

ν

 UV models

𝒪(1)
lq = (L̄γμL)(Q̄γμQ)

𝒪(3)
lq = (L̄σIγμL)(Q̄σIγμQ)

𝒪ld = (L̄γμL)(d̄γμd)

𝒪QN = (Q̄γμQ)(N̄γμN)

𝒪dN = (d̄γμd)(N̄γμN)

𝒪LNQd = (L̄αN)ϵαβ(Q̄βd)

𝒪LNQd,𝚃 = (L̄ασμνN)ϵαβ(Q̄βσμνd)

Y. Liao, XDM, 1612.04527B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek, 1008.4884
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Other related modes or anomalies

•  anomalies in : 

• The excess of electron-like events in the MiniBoone

• Muon g-2 

R(D), R(D*) b → cτν RD/R𝚂𝙼
D = 1.19(10), RD*/R𝚂𝙼

D* = 1.15(5)

•  in 


•Neutral meson mixing: 


• 


• 


•

RK, RK* b → sℓ+ℓ−, ℓ = e, μ
Bs − B̄s, Bd − B̄d, K0 − K̄0

Bs → μ+μ−

B → K* + inv .
Bs → inv .

Modes give strong constraints

Other anomalies could be also included:

HFAG & HFLAV, 2206.07501

- Strong interplay with 

- Can be used to test some scenarios in the future measurements

B → K + inv .
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New contributions to   with heavy new mediatorsb → sνν̄

𝒪ij
L = (s̄γμPLd)(ν̄iγμPLνj)

𝒪ij
R = (s̄γμPRd)(ν̄iγμPLνj)

The starting point is the WEF or LEFT:

ℋ𝙽𝙿 = −
4GF

2
VtbV⋆

ts
e2

16π2 ∑
ij

(Cij
L 𝒪ij

L + Cij
R𝒪ij

R) + h . c . ,

The SM  contributes only to Cii
L,𝚂𝙼 = − X(xt)/s2

W, X(xt) = 1.46 ± 0.017

Rνν
K = 1 +

2CL 𝚂𝙼

3 |CL 𝚂𝙼 |2 ∑
i

Re(Cii
L + Cii

R) +
1

3 |CL 𝚂𝙼 |2 ∑
ij

Cij
L + Cij

R

2
,

Rνν
K* = 1 +

2CL 𝚂𝙼

3 |CL 𝚂𝙼 |2 ∑
i

Re (Cii
L) +

1
3 |CL 𝚂𝙼 |2 ∑

ij
( Cij

L

2
+ Cij

R

2) − 2η
CL 𝚂𝙼

3 |CL 𝚂𝙼 |2 ∑
i

Re (Cii
R) +

1
3 |CL 𝚂𝙼 |2 ∑

ij

Re (Cij
L C*ij

R ) ,
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 alone cannot satisfy both  and Cij
L 3.8 ≤ Rνν

K ≤ 7 Rνν
K* ≤ 2.7(1.9)

 Models with only , ,  are incompatibleS0(3̄,1,1/3) S1(3̄,3,1/3) V1(3,3,2/3)

Leptoquark models


ℒS = λLS0
Q𝚌iτ2LS†

0 +λLS̃1/2
d̄LS̃†

1/2+λLS1
Q𝚌iτ2 ⃗τ ⋅ ⃗S †

1L + h . c . ,

ℒV = λLV1/2
d𝚌γμLV†μ

1/2+λLV1
Q̄γμ ⃗τ ⋅ ⃗V †μ

1 L + h . c . .

Rνν
K − Rνν

K* = 2(1 + η)
CL 𝚂𝙼

3 |CL 𝚂𝙼 |2 ∑
i

Re (Cii
R) +

1
3 |CL 𝚂𝙼 |2 ∑

ij

Re (Cij
L C*ij

R )
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 can simultaneously satisfies the requirement of   and Cij
R Rνν

K Rνν
K*

The case with large  is the only viable solutionCττ
R

Imposing the constraints from b → sℓ+ℓ−

Pi ∼ Cii
R

FLU violation
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The WCs   and  generated by  or   imply large rates for other  decay modes Cττ
R Cμτ

R S̃1/2 V1/2 B

ℬ(B+ → K+μ−τ+)𝙿𝙳𝙶 ≤ 2.8 × 10−5(90 %) ℬ(Bs → μ−τ+)𝙿𝙳𝙶 ≤ 4.2 × 10−5(95 %)
ℬ(B+ → K+τ+τ−)𝙿𝙳𝙶 ≤ 2.25 × 10−3(90 %) ℬ(Bs → τ+τ−)𝙿𝙳𝙶 ≤ 6.8 × 10−3(95 %)
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New decay modes with sterile neutrinos

𝒪′￼ij
L = (s̄γμPLd)(ν̄iγμPRνj)

𝒪′￼ij
R = (s̄γμPRd)(ν̄iγμPRνj)

Both   and  are needed to deviate from  C′￼ ij
L ≠ 0 C′￼ ij

R ≠ 0 Rνν
K = Rνν

K*

Rνν
K = 1 +

1
3 |CL 𝚂𝙼 |2 ∑

ij

C′￼ij
L + C′￼ij

R

2
,

Rνν
K* = 1 +

1
3 |CL 𝚂𝙼 |2 ∑

ij
( C′￼ij

L

2
+ C′￼ij

R

2) −
2η

3 |CL 𝚂𝙼 |2 ∑
ij

Re (C′￼ij
L C′￼* ij

R )
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  in LEFT framework b → s + DM + DM
Scalar DM case

𝒪S,sb
qϕ = (sb)(ϕ†ϕ),

𝒪V,sb
qϕ = (sγμb)(ϕ†i∂μϕ), ( × )

𝒪S,sb
qχ1(2) = (sb)(χ(iγ5)χ),

𝒪V,sb
qχ1(2) = (sγμb)(χγμ(γ5)χ), ( × )

𝒪T,sb
qχ1(2) = (sσμνb)(χσμν(γ5)χ), ( × )

𝒪S,sb
qX = (sb)(X†

μXμ),

𝒪T,sb
qX1 =

i
2

(sσμνb)(X†
μXν − X†

ν Xμ), ( × )

𝒪T,sb
qX2 =

1
2

(sσμνγ5b)(X†
μXν − X†

ν Xμ), ( × )

𝒪V,sb
qX2 = (sγμb)∂ν(Xμ†Xν + Xν†Xμ),

𝒪V,sb
qX3 = (sγμb)(X†

ρ ∂νXσ)ϵμνρσ,

𝒪V,sb
qX4 = (sγμb)(X†

ν i∂μXν), ( × )

𝒪V,sb
qX5 = (sγμb)i∂ν(Xμ†Xν − Xν†Xμ), ( × )

𝒪V,sb
qX6 = (sγμb)i∂ν(X†

ρXσ)ϵμνρσ . ( × )

Fermion DM case

Vector DM case

The (X) stands for the interactions vanishes for “real” field
15
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  in LEFT framework b → s + DM + DM
Scalar DM case

Fermion DM case

Vector DM case

Allowed by Belle II

Allowed by new ave.

Excluded by
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The   distributionq2

Signal region: η(BDT2) > 0.92 Most sensitive region: η(BDT2) > 0.98

Elisa Manoni’s Talk @CERN EP seminar, 2023• Excess between 3-7 

• Not conclusive due to coarse binning choice, dictated from experimental resolution

GeV2
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Scalar and fermion DM cases

The vector current operators with scalar or vector DM particles with 
masses in the hundreds of MeV can match the anomaly.
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Influence of experimental efficiency
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Scalar DM model

SM  + a real scalar   (DM)+ two vector-like quarks   ( ),  ( ) ϕ Q qL D dR

 symmetry: odd of new particlesℤ2
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B → K + ϕϕ

✗

CS,ij
dϕ =

(yi
qyj

dy1 + yj*
q yi*

d y*1 )v

2mQmD

+(
yi

qyj*
q

2m2
Q

+
yi*

d yj
d

2m2
D )(mdi

+ mdj
),

iCP,ij
dϕ =

(yi
qyj

dy1 − yj*
q yi*

d y*1 )v

2mQmD

−(
yi

qyj*
q

2m2
Q

−
yi*

d yj
d

2m2
D )(mdi

− mdj
),

CS,ij
uϕ =

ỹi
qỹ j*

q

2m2
Q

(mui
+ muj

),

iCP,ij
uϕ = −

ỹi
qỹ j*

q

2m2
Q

(mui
− muj

) ,

Dominant ones
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Allowed by Belle II

Belle II with E.E.

Allowed by new ave.

0 0.5 1 1.5 2 2.5
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50
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CS,sb
dϕ ∼ (3 − 8)/(105 TeV)

ω(m) =
∑i Γ̃i,SMϵi

∑i Γ̃i,NP(m)ϵi
.

Signal selection efficiency impact: 

Belle II anomaly:
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• Neglect Higgs portal coupling ( )


• Thermal freeze-out mechanism 


• Neglect 


• 


• Main channels: 


•

h → inv

CS,uu
uϕ , yd

q,d

500 MeV < mϕ < 900 MeV

ϕϕ → K+K−, K0K̄0, ηη

⟨σv⟩ ≃ 2.4 × 10−26 cm3s−1

(ℏc)2c
= 2.2 × 10−9 GeV−2

DM relic density

ChPT


 ℒϕP ∋ − 2BF0 tr [pΦ] − B tr [sΦ2] + 𝒪(ϕ2P3)
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1. DM indirect detection constraints is negligible  loop induced 


2. Sub-GeV scale DM also is safe for direct detection;

⇐ ϕ2FμνFμν

⟨σv(ϕϕ → K+K−, K0K̄0)⟩ =
B2 |CS,ss

dϕ |2 η(x, zK)

64πm2
ϕ

,

⟨σv(ϕϕ → ηη)⟩ =
B2 |CS,ss

dϕ |2 η(x, zη)

72πm2
ϕ

,

A large   hierarchy is required between 
the strange and bottom couplings

103
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•  : 


• : has no contribution at dim-6 order


• : Indued by  with 


• , : 


• LHC search for vector-like quarks:  > 1.5 TeV by ATLAS and CMS

B → Xsγ Oij
dγ = d̄iσμνPRdjFμν

Bs − B̄s

B → inv 𝒪P,sb
dϕ ℬ(Bs → ϕϕ) ∼ 4 × 10−5

D0 → inv D0 → π0 + inv CS(P),uc
uϕ | /mc ≲ 2.06(0.25)/TeV2

Other constraints or implications

ℬ(D0 → inv) < 9.4 × 10−5

ℬ(D0 → π0νν̄) < 2.1 × 10−4

2212.05263 [hep-ex]. 

2209.07327 [hep-ex]. 

ℬ(Bs → inv) < 5.4 × 10−4

1611.09455 [hep-ex]. 
2112.14236 [hep-ex].

2310.13043 [hep-ph]
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mQ = mD = 3 TeV
|ys

d | = |ys
q | = 2

|CS,ss
dϕ | ≈

|ys
q | |ys

d |y1v

2mQmD

1 + ei2ρ ,

|CS(P),sb
dϕ | ≈

|ys
q | |ys

d |y1v

2mQmD

rd ± rqeiθ .

αs + βs = ρ, αb + βb + ρ ≡ θ

|yb
d | / |ys

d | ≡ rd, |yb
q | / |ys

q | ≡ rq .

yi
q ≡ |yi

q |e−iαi, yi
d ≡ |yi

d |e−iβi
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Conclusion

• Several scenarios that could accommodate the recent Belle II anomaly are 
discussed, including heavy mediators and new decay modes; 


• For heavy mediator case, the viable explanations are mediators that couple only to 
tau-flavors and/or LFV ones;


• For new light states, a viable scalar DM model is proposed to explain the anomaly 
and DM relic density; 


• , and other rare  decay modes can be simultaneously 
to probe or constrain those NP scenarios;


• The future significantly improved data from Belle II can be expected to shed light 
on this anomaly.

B → K* + inv . Bs → inv . B

27
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