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Belle-II measurement Belle II collaboration, hep-ph/2311.14647

Combination and Comparison with other measurements

Significance of Belle-II observation is 3.6 σ and the result is within 2.8 σ vs SM

B(B+ → K+νν̄)exp = (2.3± 0.7)× 10−5

B(B+ → K+νν̄)SM = (0.497± 0.037)× 10−5

W. G. Parrott, C. Bouchard, and C. T. H. Davies, Phys. Rev. D 107, 014511 (2023)
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New Physics

Heavy NP particles (missing energies are carried by SM neutrinos)

I Leptoquark

I 2HDM

I · · ·

Light NP particles (missing energies are carried by new light particles)

I Right-handed neutrinos

I Axion/ axion-like particles

I Dark matter

I · · ·
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Effective Field Theory
Low-energy effective field theory (LEFT)

LLEFT = LQED+QCD + L(3)
L/

+
∑
i

∑
d≥5

L
(d)
i O

(d)
i

I Symmetry: SU(3)C × U(1)em
I Scale: µ < ΛEW

I Degrees of freedom: SM particles except W , Z , t, h

I Power counting: L
(d)
i ∼ 1/vd−4

Standard Model effective field theory (SMEFT)

LSMEFT = LSM +
∑
i

∑
d≥5

C
(d)
i Q

(d)
i

I Symmetry: SU(3)C × SU(2)L × U(1)Y
I Scale: µ ∈ [ΛEW, Λ], Λ� ΛEW

I Degrees of freedom: SM particles

I Power counting: C
(d)
i ∼ 1/Λd−4

EFT extension with right-handed neutrino

I LEFT+right-handed neutrino NR → LNEFT

I SMEFT+right-handed neutrino NR → SMNEFT
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b → sνν̄ transition
Effective Hamiltonian (assuming lepton flavor is conserved and no νR),

C
ν`,SM
V ,LL = −6.32, C

ν`,SM
V ,RL = 0

Heff = −
8GF√

2
VtbV

∗
ts
α

4π

[
C
ν`
V ,LLO

ν`
V ,LL + C

ν`
V ,RLO

ν`
V ,RL

]
+ h.c.

Oν`V ,LL =(s̄γµPLb)(ν̄`γ
µPLν`) , O

ν`
V ,RL = (s̄γµPRb)(ν̄`γ

µPLν`)

B+ → K+νν̄ and B0 → K∗0ν`ν̄`

B(B+ → K+ν`ν̄`) =3.46× 10−8
∣∣∣Cν`V ,LL + C

ν`
V ,RL

∣∣∣2
B(B0 → K∗0ν`ν̄`) =6.84× 10−8

∣∣∣Cν`V ,LL − C
ν`
V ,RL

∣∣∣2 + 1.36× 10−8
∣∣∣Cν`V ,LL + C

ν`
V ,RL

∣∣∣2
B(B0 → K∗0νν̄)exp < 1.8× 10−5 vs B(B0 → K∗0νν̄)SM = (9.2± 1.0)× 10−6

No-go scenario with a single parameter, e.g., C
ν`
V ,LL 6= 0, C

ν`
V ,RL = 0

B(B0→K∗0νν̄)
B(B+→K+νν̄)

=
8.20×10−8

∣∣∣Cν`V ,LL∣∣∣2

3.46×10−8
∣∣∣Cν`V ,LL∣∣∣2 ' 2.37

B(B+ → K+νν̄) = (2.3± 0.7)× 10−5

⇒ B(B0 → K∗0νν̄) = (5.5± 1.7)× 10−5 > 1.8× 10−5
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Matching to SMEFT

b → s`+`− SMEFT b → sνν̄

O`V ,LL ←− [O(1)
`q ]``23 −→ Oν`V ,LL

O`V ,LL ←− [O(3)
`q ]``23 −→ −Oν`V ,LL

O`V ,RL ←− [O`d ]``23 −→ Oν`V ,RL
O`V ,LR ←− [Oqe ]23``

O`V ,RR ←− [Oed ]``23

[O(3)
`q ]``23 −→

∑
i

2Vis(¯̀γµPLν`)(ūiγµPLb)

where (Qi = [(V †uL)i , dLi ])

O`V ,LL = (s̄γµPLb)(¯̀γµPL`), [O(1)
`q ]prst =(L̄pγ

µLr )(Q̄sγµQt), Oν`V ,LL = (s̄γµPLb)(ν̄`γ
µPLν`)

O`V ,RL = (s̄γµPRb)(¯̀γµPL`), [O(3)
`q ]prst =(L̄pγ

µ
τ
ILr )(Q̄sγµτ

IQt), Oν`V ,RL = (s̄γµPRb)(ν̄`γ
µPLν`)

O`V ,LR = (s̄γµPLb)(¯̀γµPR`), [O`d ]prst =(L̄pγ
µLr )(d̄RsγµdRt),

O`V ,RR = (s̄γµPRb)(¯̀γµPR`) , [Oqe ]prst =(Q̄pγ
µQr )(ēRsγµeRt),

[Oed ]prst =(ēRpγ
µeRr )(d̄RsγµdRt),
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b → s`+`− and b → ui`ν`

b → s`+`−

Heff = −
4GF√

2
VtbV

∗
ts
α

4π

∑
i

[
C `i O

`
i + C `′i O

`′
i

]
+ h.c.

where (O`9,10 = O`V ,LR ±O
`
V ,LL , O`′9,10 = O`V ,RR ±O

`
V ,RL)

O`9 =(s̄γµPLb)(¯̀γµ`) , O`′9 =(s̄γµPRb)(¯̀γµ`) ,

O`10 =(s̄γµPLb)(¯̀γµγ5`) , O`′10 =(s̄γµPRb)(¯̀γµγ5`) ,

Observables: Bs → `+`−, RK (∗) , Λb → Λ`+`− · · ·
b → ui `ν`

Heff =
4GF√

2
Vib

[
C
`ui
V ,LLO

`ui
V ,LL + C

`ui
V ,RLO

`ui
V ,RL

]
where

O`uiV ,LL =(c̄γµPLb)(¯̀γµPLν`), O`uiV ,RL =(c̄γµPRb)(¯̀γµPLν`) (1)

Observables: RD(∗) , B+
c → τ+ντ , B+ → τ+ντ , · · ·
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RGE and Wilson coefficient matching relation

Small RG running effects between µb and µEW

µ
dC `V ,XY

dµ
= ±12qdqe

αem

4π
C `V ,XY , (+ for XY = LL,RR, − for XY = LR,RL)

µ
dC

`ui
V ,XY

dµ
= ±6quqe

αem

4π
C
`ui
V ,XY , (+ for XY = LL, − for XY = RL)

µ
dC

ν`
V ,XY

dµ
= 0, (for XY = LL,RL)

Matching to SMEFT (` = e, µ, τ)

4GF√
2
VtbV

∗
ts
α

4π
(C `9 − C `10) =[C

(1)
`q ]``23 + [C

(3)
`q ]``23 ,

4GF√
2
VtbV

∗
ts
α

4π
(C `9 + C `10) =[Cqe ]23`` ,

4GF√
2
VtbV

∗
ts
α

4π
(C `′9 + C `′10) =[Ced ]``23 ,

4GF√
2
VtbV

∗
ts
α

4π
(C `′9 − C `′10) =[C`d ]``23 ,

8GF√
2
VtbV

∗
ts
α

4π
C
ν`
V ,LL =[C

(1)
`q ]``23 − [C

(3)
`q ]``23 ,

8GF√
2
VtbV

∗
ts
α

4π
C
ν`
V ,RL =[C`d ]``23 ,

4GF√
2

Vib

2Vis
C
`ui
V ,LL =[C

(3)
`q ]``23,
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Global fits of new physics in b → s after the RK (∗) 2022 release
Qiaoyi Wen, Fanrong Xu, Phys.Rev.D 108 (2023) 9, 095038
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Discussion

Global fit results show that, for ` = e, µ Qiaoyi Wen, Fanrong Xu, Phys.Rev.D 108 (2023) 9, 095038

C `9 6=0 , C `′9 ∼ C `10 ∼ C `′10 ∼ 0

⇒ [Cqe ]23`` =[C
(1)
`q ]``23 + [C

(3)
`q ]``23 , [Ced ]``23 = [C`d ]``23 = 0 , C

ν`
V ,RL = 0

For ` = τ , all WCs are free parameters, The SMEFT WCs that simultaneously contribute to

both b → s`+`− and b → sνν̄ are [C
(1)
`q ]3323, [C

(3)
`q ]3323, [C`d ]3323:

4GF√
2
VtbV

∗
ts
α

4π
(Cτ9 − Cτ10) =[C

(1)
`q ]3323 + [C

(3)
`q ]3323 ,

4GF√
2
VtbV

∗
ts
α

4π
(Cτ ′9 − Cτ ′10 ) =[C`d ]3323 ,

8GF√
2
VtbV

∗
ts
α

4π
CντV ,LL =[C

(1)
`q ]3323 − [C

(3)
`q ]3323 ,

8GF√
2
VtbV

∗
ts
α

4π
CντV ,RL =[C`d ]3323

[C
(3)
`q ]3323 also contributes to b → uiτντ

4GF√
2

Vib

2Vis
C
τui
V ,LL =[C

(3)
`q ]3323
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Wilson coefficients summary

Parameter Process

C `9 =
[C

(1)
`q ]``23 + [C

(3)
`q ]``23

4GF√
2
VtbV

∗
ts
α
4π

, (b → s`+`−, ` = e, µ)

C
ν`
V ,LL =

[C
(1)
`q ]``23 − [C

(3)
`q ]``23

8GF√
2
VtbV

∗
ts
α
4π

, (b → sν`ν̄`, ` = e, µ, τ)

CντV ,RL =
[C`d ]3323

8GF√
2
VtbV

∗
ts
α
4π

, (b → sντ ν̄τ )

C
τui
V ,LL =

[C
(3)
`q ]3323

4GF√
2

Vib
2Vis

, C
τui
V ,RL (b → uiτντ )

Cτ9 − Cτ10 =
[C

(1)
`q ]3323 + [C

(3)
`q ]3323

4GF√
2
VtbV

∗
ts
α
4π

, (b → sτ+τ−)

Cτ ′9 − Cτ ′10 =
[C`d ]3323

4GF√
2
VtbV

∗
ts
α
4π

, (b → sτ+τ−)
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Observables summary

B(B+ → K+ν`ν̄`) =3.46× 10−8
∣∣∣Cν`V ,LL + C

ν`
V ,RL

∣∣∣2
B(B0 → K∗0ν`ν̄`) =6.84× 10−8

∣∣∣Cν`V ,LL − C
ν`
V ,RL

∣∣∣2 + 1.36× 10−8
∣∣∣Cν`V ,LL + C

ν`
V ,RL

∣∣∣2
RD =RSM

D

[
1 + 1.5Re

(
CτcV ,RL + CτcV ,LL

)
+ 1.0

∣∣∣CτcV ,RL + CτcV ,LL

∣∣∣2]
RD∗ =RSM

D∗

[
1 + 0.12Re

(
CτcV ,RL − CτcV ,LL

)
+ 0.05

∣∣∣CτcV ,RL − CτcV ,LL

∣∣∣2]
B(B+

c → τ+ντ ) =2.32× 10−2
∣∣∣(1 + CτcV ,LL)− CτcV ,RL

∣∣∣2
B(B+ → τ+ντ ) =8.88× 10−5

∣∣∣(1 + CτuV ,LL)− CτuV ,RL

∣∣∣2
B(Bs → τ+τ−) =1.41× 10−8

∣∣mτ (Cτ10 − Cτ ′10 )
∣∣2
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Inputs

B(B+ → K+νν̄) = (2.3± 0.7)× 10−5, Belle II 2311.14647

B(B0 → K∗0νν̄) < 1.8× 10−5 (90%CL), Belle Phys.Rev.D 97, 09902 (2018)

B(Bs → τ+τ−) < 6.8× 10−3, LHCb Phys.Rev.Lett 118 (2017) 14647

B(B+ → τ+ντ ) = (1.25± 0.39)× 10−4, Belle Phys.Rev.D 92, 051102

RD = 0.357± 0.029, HFLAV Phys.Rev.D 107 052008

RD∗ = 0.284± 0.012 HFLAV Phys.Rev.D 107 052008

Cµ9 = −0.789+0.198
−0.210 Q. Wen and F. Xu Phys.Rev.D 108 (2023) 9, 095038
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Results WC (GeV−2) Value

[C
(1)
`q ]2223 (0.9± 2.2)× 10−3

[C
(3)
`q ]2223 (−0.3± 2.2)× 10−3

[C`d ]3323 (2± 0.8)× 10−2

CτcV ,RL 0.12± 0.06

CτuV ,RL 1.4± 0.7

−6 −4 −2 0 2 4

C
(1)
`q [TeV−2] ×10−3

−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

C
`d

[T
eV
−

2
]

×10−2

68%

95%

Best fit

−4 −2 0 2 4 6

C
(3)
`q [TeV−2] ×10−3

−0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

C
`d

[T
eV
−

2
]

×10−2

68%

95%

Best fit

−0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

C`d[TeV−2] ×10−2

0.0

0.5

1.0

1.5

2.0

2.5

C
τ
c
V
,R
L

×10−1

68%

95%

Best fit

−0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0

C`d[TeV−2] ×10−2

0.0

0.5

1.0

1.5

2.0

2.5
C
τ
u
V
,R
L

68%

95%

Best fit
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Remake predictions

Observable prediction measurement

B(B+ → K+νν̄) (1.63± 0.51)× 10−5 (2.3± 0.7)× 10−5

B(B0 → K∗0νν̄) (1.50± 0.72)× 10−5 < 1.8× 10−5

B(Bs → τ+τ−) (3.45± 2.34)× 10−5 < 6.8× 10−3

B(B+ → τ+ντ ) (1.57± 1.21)× 10−4 (1.25± 0.39)× 10−4

B(B+
c → τ+ντ ) 0.018± 0.02 0.024± 0.02

RD 0.357± 0.029 0.357± 0.029

RD∗ 0.258± 0.002 0.284± 0.012

Cµ9 −0.789± 0.210 −0.789+0.198
−0.210

报告人： 陈丰之 合作者：温侨毅，徐繁荣

(暨南大学) The promising B → K∗νν̄ in view of SMEFT 2023 年 12 月 17 日 16 / 22



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

105B(B+ → K+ν̄ν)
{

105B(B0 → K∗0ν̄ν)

{

101RD

{

|Cµ9 |

103B(Bs → τ+τ−)
{×1

×10

101RD∗
{

102B(Bc → τ ν̄τ )
{Flavio

This work

104B(B+ → τ+ντ )
{ Exp.

Pred.

U. L.
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Summary

We have used SMEFT to link B+ → K+νν̄ and B0 → K∗0νν̄ to Cµ9 , RD(∗) , Bs → τ+τ−,
and B+

u,c → τ+ντ , the best fit values of parameters are obtained by using the maximum
likelihood function, we also remake predictions on these observables by using the fit results;

All observables except RD∗ are consistent with current experimental bounds; our prediction
on B+

c → τ+ντ also deviate from the result of Flavio;

The value of |Cµ9 | almost overlaps with the one of our previous work;

The upper limit of B0 → K∗0νν̄ is slightly larger than the one of current experiment;

Our prediction on Bs → τ+τ− is about two order of magnitude more stringent than the
current upper limit, which may be checked by the future experiment, e.g., CEPC.
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Backup

In the flavor basis with diagonal down-type quark Yukawa matrix (CKM matrix element in the
upper component: Qi = [(V †uL)i , dLi ]

T )

[O(3)
`q ]prst =(L̄pγ

µτ ILr )(Q̄sγµτ
IQt)

=

[
(ν̄Lp , ¯̀

Lp)γµτ I
(
νLr
`Lr

)][
(ūLiVis , d̄Ls)γµτ I

(
V †tjuLj
dLt

)]
=Vis(Vjt)

† [(ν̄LpγµνLr )(ūLiγµuLj )− (¯̀
Lpγ

µ`Lr )(ūLiγµuLj )
]

+2Vis(¯̀
Lpγ

µνLr )(ūLiγµdLt) + 2(Vjt)
†(ν̄Lpγ

µ`Lr )(d̄LsγµuLj )

+(¯̀
Lpγ

µ`Lr )(d̄LsγµdLt)− (ν̄Lpγ
µνLr )(d̄LsγµdLt)

⇒ [O(3)
`q ]3323 =Vis(Vjb)†

[
(ν̄τLγ

µντL)(ūLiγµuLj )− (τ̄Lγ
µτL)(ūLiγµuLj )

]
+2Vis(τ̄Lγ

µντL)(ūLiγµbL) + 2(Vjb)†(ν̄τLγ
µτL)(s̄LγµuLj )

+(τ̄Lγ
µτL)(s̄LγµbL)− (ν̄τLγ

µντL)(s̄LγµbL)

with 2Vis(τ̄Lγ
µντL)(ūLiγµbL) =2Vus(τ̄Lγ

µντL)(ūLγµbL) + 2Vcs(τ̄Lγ
µντL)(c̄LγµbL)

+2Vts(τ̄Lγ
µντL)(t̄LγµbL)

[QHud ]pr =i(H̃†DµH)(ūRpγ
µdRr ) → [O`RL]pr = (ūpγµPRdr )(¯̀γµPLν`)
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