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Introduction

For some time now there have been anomalies in B decays.

These are in semileptonic b → cτ ν̄τ transitions: RD(∗) puzzle : CC
processes.

These are in semileptonic b → s`+`−(l = µ, e) transitions. BR of b →
sµ+µ− modes are lower and also deviation in P ′5 angular observable.
Could be long distance QCD effects.

The semileptonic B+ → K+νν̄ transitions was observed with enhanced
rate by Belle 2 .

There are puzzles in non-leptonic decays: ( b → sq̄q) ( see for e.g.
1709.07142, 2311.18011).
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Simultaneous Explanations

Some of the anomalies may have a common solution or share common
elements.

NC b → s`+`−(l = µ, e) and b → sq̄q anomalies may be related. NC
and b → s`+`−(l = µ, e) and CC b → cτ ν̄τ may be related(SMEFT).

The semileptonic b → cτ ν̄τ transitions and B+ → K+νν̄ involve
invisible final state and so might share a common element- a sterile
neutrino.

A sterile neutrino appears in solution to neutrino anomalies and so it
is interesting to connect it to the B anomalies.
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R(D)− R(D∗) puzzle

ASM =
GF√

2
Vcb

[
〈D(∗)(p′)|c̄γµ(1− γ5)b|B̄(p)〉

]
τ̄ γµ(1− γ5)ντ

R(D) ≡ B(B̄ → D+τ−ν̄τ )

B(B̄ → D+`−ν̄`)
R(D∗) ≡ B(B̄ → D∗+τ−ν̄τ )

B(B̄ → D∗+`−ν̄`)
.
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Experiments: R(D)− R(D∗) puzzle
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Including correlations, one finds that the deviation is at the level of 3.31σ
from the SM prediction.
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NC FCNC: b → sµ+µ− and b → sνν̄ - SM

Heff(b → s`¯̀) = −αGF√
2π

VtbV
∗
ts

[
C9 (s̄Lγ

µbL)
(

¯̀γµ`
)

+ C10 (s̄Lγ
µbL)

(
¯̀γµγ

5`
)]

,

Heff(b → sνν̄) = −αGF√
2π

VtbV
∗
ts CL (s̄Lγ

µbL)
(
ν̄γµ(1− γ5)ν

)
,

Heff(b → sγ∗) = C7
e

16π2
[s̄σµν(msPL + mbPR)b]Fµν
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B+ → K+νν̄ Anomaly

MSM(B → K (∗)νν̄) = −αGF√
2π

VtbV
∗
ts CL 〈K (∗)|s̄LγµbL|B〉ν̄γµ(1− γ5)ν

Same Form Factors. From lattice:arXiv: 2207.13371, HPQCD

3 4 5 6
106B(B+→ K+νν̄)

ABSW ’09

WS ’12

BGNS ’14

FNAL/MILC ’15

BV ’21

BV ’22

HPQCD ’22

0 2 4 6 8 10105 × Br(B+→K + νν̄)

Average1.3±0.4

BABAR (429 fb-1, hadronic)1.5 ± 1.3   PRD87, 112005
BABAR (418 fb-1, semileptonic)0.2 ± 0.8   PRD82, 112002
Belle (711 fb-1, hadronic)2.9 ± 1.6   PRD87, 111103
Belle (711 fb-1, semileptonic)1.0 ± 0.6   PRD96, 091101
Belle II (63 fb-1, inclusive)1.9 ± 1.5   PRL127, 181802
Belle II (362 fb-1, inclusive)2.7 ± 0.7   This analysis
Belle II (362 fb-1, hadronic)1.1 ± 1.1   This analysis
Belle II (362 fb-1, combined)2.3 ± 0.7   This analysis

SM0.497 ± 0.037

A sterile neutrino may be involved in b → cτ ν̄τ and B+ → K+νν̄. How
do the sterile neutrino couple to SM particles?
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Outline

• Sterile neutrino interaction with SM: Different Mechanisms.

• New interactions of the sterile neutrino - Heavy Mediators.

• Some examples, B̄ → D∗µ−ν̄µ, B̄ → D∗+τ−ν̄τ ,B
+ → K+ + inv.

• New interactions of the sterile neutrino: light mediator, e.g. B+ →
K+ + inv, MiniBooNE, and muon g − 2.

• Conclusions.
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Sterile Mixing

M Wallbank (Cincinnati)

• Simplest model is to add a single new neutrino mass state with correct mass difference. 

• PMNS mixing matrix increases from 3x3 to 4x4.

3+1 Neutrino Mixing

First Active to Sterile Neutrino Search from NOvA with Antineutrinos (JETP, Oct 2019) 17

0
BB@

1
CCA =

0
BB@

Ue1 Ue2 Ue3 Ue4

Uµ1 Uµ2 Uµ3 Uµ4

U⌧1 U⌧2 U⌧3 U⌧4

Us1 Us2 Us3 Us4

1
CCA

0
BB@

1
CCA
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Three-flavor Neutrino Oscillations

• Oscillations among the three 
neutrino flavors depend on: 
– The mixing matrix

 4

Three-flavor Neutrino Oscillations

• Oscillations among the three 
neutrino flavors depend on: 
– The mixing matrix

 4

Three-flavor Neutrino Oscillations

• Oscillations among the three 
neutrino flavors depend on: 
– The mixing matrix

 4

ν4

Three-flavor Neutrino Oscillations

• Oscillations among the three 
neutrino flavors depend on: 
– The mixing matrix

 4

Three-flavor Neutrino Oscillations

• Oscillations among the three 
neutrino flavors depend on: 
– The mixing matrix

 4

Three-flavor Neutrino Oscillations

• Oscillations among the three 
neutrino flavors depend on: 
– The mixing matrix

 4

ν1

ν2

ν3

Δm212 ~ O(10-5) eV2

Δm312 ~ O(10-3) eV2

ν4

Δm412
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Effective Interactions of the sterile neutrino

Sterile neutrinos might have new interactions via the exchange of light
or heavy mediators( Higgs, Vector Bosons, Leptoquarks). Heavy me-
diators can be integrated out to get an effective theory: SMNEFT (
νSMEFT).

To lowest order in SMNEFT, the dimension-six B and L conserving
SMNEFT Lagrangian is

LSMNEFT ⊃ LSM + n̄/∂n +
∑

i

CiOi ,

where Ci are the WCs with the scale of new physics absorbed in them,
The 16 baryon and lepton number conserving (∆B = ∆L =0 ) opera-
tors involving the field n in SMNEFT are shown in next slide.
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Effective Operators
Construct dim 6 operators with the sterile neutrino.

5

<latexit sha1_base64="n80AKKy6QbXAkzeSjB73eXx/T04=">AAACAHicbZA9SwNBEIbn4leMX6cWFjaLQbAKd0HURgjRwsIigomB5Ah7m71kyd4Hu3NCCGn8KzYWitj6M+z8N26SKzTxhYWHd2aYnddPpNDoON9Wbml5ZXUtv17Y2Nza3rF39xo6ThXjdRbLWDV9qrkUEa+jQMmbieI09CV/8AdXk/rDI1daxNE9DhPuhbQXiUAwisbq2Aftay6Rkiq5JBneGnQ6dtEpOVORRXAzKEKmWsf+andjloY8Qiap1i3XSdAbUYWCST4utFPNE8oGtMdbBiMacu2NpgeMybFxuiSIlXkRkqn7e2JEQ62HoW86Q4p9PV+bmP/VWikGF95IREmKPGKzRUEqCcZkkgbpCsUZyqEBypQwfyWsTxVlaDIrmBDc+ZMXoVEuuWel8t1psVLN4sjDIRzBCbhwDhW4gRrUgcEYnuEV3qwn68V6tz5mrTkrm9mHP7I+fwAHkZQc</latexit>

�B = �L = 0

SMNEFT = SMEFT + N

16 new SMNEFT operators at dimension-six
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UV models- e.g. arXiv: 1807.04753

mediator irrep δLint

WCs

W ′
µ (1, 1)1 g ′

(
cqūRγµdR + cN ¯̀

RγµNR

)
W ′µ

Φ (1, 2)1/2 yuūRQLεΦ + yd d̄RQLΦ†+ yNN̄RLLεΦ

Uµ
1 (3, 1)2/3

(
αLQ L̄LγµQL + α`d ¯̀

RγµdR
)
Uµ†

1 +
αuN

(
ūRγµNR

)
Uµ

1

R̃2 (3, 2)1/6 αLd

(
L̄LdR

)
εR̃†2 + αQN

(
Q̄LNR

)
R̃2

S1 (3̄, 1)1/3
zu(Ūc

R`R)S1 + zd(d̄c
RNR)S1 +

zQ(Q̄c
LεLL)S1
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CC B Decays Effective Operators

6

N production operator
• We assume N can talk to B quark and is at sub GeV scale
• N can be produced via B meson decay

<latexit sha1_base64="nmmaWt9E8Eaot/oJYVAYaBg65tw="></latexit>

�Le↵ =
4GF Vcbp

2
(OV

LL +
X

X=S,V,T
↵,�=L,R

CX
↵� OX

↵�)

<latexit sha1_base64="GtIvOZ7IwyAIbFKCOprayJZYOn4="></latexit>

Onedu ! OV
RR

O`nuq ! OS
LR

O(1)
`nqd ! OS

RR

O(3)
`nqd ! OT

RR

A sterile neutrino can solve the R(D)− R(D∗) puzzle. ( 1211.0348,
1704.06659,1711.09525, 1804.04135,1804.04642, 1810.06597, 1811.04496
....). The NP adds incoherently with SM and enhances rate.
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CC B decays with Effective Operators
Even though no deviation in BR there can be striking signatures in angular
distributions. Note large statistics in CC decays with a BR of a few
percent.

8
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<latexit sha1_base64="P/ZsT9h/HC1NodwKQov0au7vWxk=">AAACC3icbZC7SgNBFIZnvcZ4i1raDAlCRAi7Iahl0MYygrlANllmJ2eTIbOXzMwGwpLexlexsVDE1hew822cTVJo4g8DH/85hzPndyPOpDLNb2NtfWNzazuzk93d2z84zB0dN2QYCwp1GvJQtFwigbMA6oopDq1IAPFdDk13eJvWm2MQkoXBg5pE0PFJP2Aeo0Rpy8nlR92yDaOYjXGx5iQ2cD69wCm5RODW9LxbdnIFs2TOhFfBWkABLVRzcl92L6SxD4GinEjZtsxIdRIiFKMcplk7lhAROiR9aGsMiA+yk8xumeIz7fSwFwr9AoVn7u+JhPhSTnxXd/pEDeRyLTX/q7Vj5V13EhZEsYKAzhd5MccqxGkwuMcEUMUnGggVTP8V0wERhCodX1aHYC2fvAqNcsm6LFXuK4XqzSKODDpFeVREFrpCVXSHaqiOKHpEz+gVvRlPxovxbnzMW9eMxcwJ+iPj8wcPq5nL</latexit>

q2 ⌘ (P` + PX̄)2

N production from B meson decay
<latexit sha1_base64="y5fxHsJdo179hsfjY8ku2cB7beY=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAjRIuxKUMsQLSwjmAdk1zA7uZsMmX0wMyuEJa2Nv2JjoYitf2Dn3zjZbKGJBwYO59zLnXO8mDOpLOvbWFpeWV1bL2wUN7e2d3bNvf2WjBJBoUkjHomORyRwFkJTMcWhEwsggceh7Y2upn77AYRkUXinxjG4ARmEzGeUKC31TOx4ROA6dlSE8fV9Wj49mWAHOM+MtDPpmSWrYmXAi8TOSQnlaPTML6cf0SSAUFFOpOzaVqzclAjFKIdJ0UkkxISOyAC6moYkAOmmWZIJPtZKH/uR0C9UOFN/b6QkkHIceHoyIGoo572p+J/XTZR/6aYsjBMFIZ0d8hOOdexpLbjPBFDFx5oQKpj+K6ZDIghVuryiLsGej7xIWmcV+7xSva2WavW8jgI6REeojGx0gWroBjVQE1H0iJ7RK3oznowX4934mI0uGfnOAfoD4/MHfJOYVQ==</latexit>

B̄ ! D(⇤)`X̄

<latexit sha1_base64="FHwNfTbvTreYpOpSADA3CbNuo64=">AAACGnicbVDLSgNBEJz1GeNr1aOXwSAohLAroh6DXjwEUTBGyMZldtIxg7MPZ3oDYYm/4cVf8eJBEW/ixb9xNuag0YKmi6puZrqCRAqNjvNpTUxOTc/MFuaK8wuLS8v2yuqFjlPFoc5jGavLgGmQIoI6CpRwmShgYSChEdwc5X6jB0qLODrHfgKtkF1HoiM4QyP5tlujHtymokdrd1u3VztlGvoeSJn3kzL1sAvI/CyXBmUv6Ypt3y45FWcI+pe4I1IiI5z69rvXjnkaQoRcMq2brpNgK2MKBZcwKHqphoTxG3YNTUMjFoJuZcPTBnTTKG3aiZWpCOlQ/bmRsVDrfhiYyZBhV497ufif10yxc9DKRJSkCBH/fqiTSooxzXOibaGAo+wbwrgS5q+Ud5liHE2aRROCO37yX3KxU3H3Krtnu6Xq4SiOAlknG2SLuGSfVMkxOSV1wsk9eSTP5MV6sJ6sV+vte3TCGu2skV+wPr4Ah8efWg==</latexit>

L ⌘ L (q2, m`, mN , ✓`,�)•   
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Signature of N in B decays at Belle 2
For B̄ → D∗+`−ν̄`, N can be produced through mixing or effective
operators. Mixing will alter just the SM operator.

Mhv=0.75 GeV
5% SM d*lv
Phase space

Mhv=0.50 GeV
5% d*lv
Phase space
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Signature of N in B decays
For B̄ → D∗+`−ν̄`, N can be produced through mixing or effective
operators. Mixing will alter just the SM operator.

10

Four-body decay

<latexit sha1_base64="U3xAfMiasMNmIvpaWuVxAt3zDGw=">AAACEHicbVC7SgNBFL3rM8bXqqXNYBCjRdiVoJYhprCMYB6QXcPsZJIMmX0wMyuEJZ9g46/YWChia2nn3zibbKGJBwYO59zLnXO8iDOpLOvbWFpeWV1bz23kN7e2d3bNvf2mDGNBaIOEPBRtD0vKWUAbiilO25Gg2Pc4bXmj69RvPVAhWRjcqXFEXR8PAtZnBCstdc0Tx8MCVZGjQoRq92fFlNSQE7FT5FDOUeon7UnXLFglawq0SOyMFCBDvWt+Ob2QxD4NFOFYyo5tRcpNsFCMcDrJO7GkESYjPKAdTQPsU+km00ATdKyVHuqHQr9Aoan6eyPBvpRj39OTPlZDOe+l4n9eJ1b9KzdhQRQrGpDZoX7MkQ6dtoN6TFCi+FgTTATTf0VkiAUmSneY1yXY85EXSfO8ZF+UyrflQqWa1ZGDQziCIthwCRW4gTo0gMAjPMMrvBlPxovxbnzMRpeMbOcA/sD4/AHQf5qb</latexit>

B̄ ! D⇤(! D⇡)`X̄

<latexit sha1_base64="epjjOMvsYnvNeOKX5/0kxSporlA="></latexit>

AD⇤
FB(q2) = �I6s(q

2) + 1
2I6c(q

2)

�D⇤
f (q2)

Angular functions 
<latexit sha1_base64="ggNPerIJ9ZranhVhbUm6HL6PmmY="></latexit>

FL(q2) =
I1c(q

2) � 1
3I2c(q

2)

�D⇤
f (q2)

<latexit sha1_base64="ITyVjtfKyrPb32b5d6fcwcJgcEs="></latexit>

F̃L(q2) =
1

3
� 8

9

2I2s(q
2) + I2c(q

2)

�D⇤
f (q2)

<latexit sha1_base64="j31BLuJ/j7TVvWHxxx7UdZw5DAo="></latexit>

Si(q
2) =

Ii(q
2)

�D⇤
f (q2)

, i = {3, 4, 5, 7, 8, 9}
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Signature of N in B at Belle 2: e-Print:
2204.01818.
For B̄ → D∗+`−ν̄`, N can be produced through mixing or effective
operators. Mixing will alter just the SM operator.

17

       binned angular observables
<latexit sha1_base64="8xruOEbnQJ+2PSCq6FrU47rMLF8=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw8kV1C1CPRi0eM8khgJbNDL0yYnV1nZk0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfWbT6g0j+W9GSXoR7QvecgZNVa6e3wodwtFt+TOQJaJl5EiZKh1C1+dXszSCKVhgmrd9tzE+GOqDGcCJ/lOqjGhbEj72LZU0gi1P56dOiGnVumRMFa2pCEz9ffEmEZaj6LAdkbUDPSiNxX/89qpCS/9MZdJalCy+aIwFcTEZPo36XGFzIiRJZQpbm8lbEAVZcamk7cheIsvL5NGueSdlyq3lWL1KosjB8dwAmfgwQVU4QZqUAcGfXiGV3hzhPPivDsf89YVJ5s5gj9wPn8AA/ONog==</latexit>
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B̄ → D∗+τ−ν̄τ in Effective Theories.

Note presence of N might explain the R
τ/`

D(∗) ≡ B(B̄→D(∗)τ−ν̄τ )

B(B̄→D(∗)`−ν̄`)
(` =

e, µ)

In B̄ → D∗+τ−ν̄τ there are additional signals in missing energy.

B → D∗τX where X = ν,N with τ → πντ .
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Sterile neutrino in B+ → K+ + inv

For di → dj + inv→ dj N̄N - one can study in an effective field theory-
νSMEFT or SMNEFT:

(N̄pγµNr )(d̄sγ
µdt), (q̄pγµqr )(N̄sγ

µNt), (¯̀j
pσµνNr )εjk(q̄ks σ

µνdt)

(¯̀j
pNr )εjk(q̄ks dt)

With the B+ → K+ + inv measurement and other B → K ∗ + inv
bounds scalar operators are preferred (arXiv: 2309.02940).Unique sig-
natures in the distributions.

Alakabha Datta (UMiss) A sterile neutrino in the B and MiniBooNE anomalies.June 26, 2024 19 / 36



N interactions with light mediator

The sterile neutrino can couple to a light mediator like a dark vector
boson or a dark Higgs.

Through mixing there are new production and decay mechanisms. Eg.
: N → νX , where X is a light state which can decay to SM particles.

Different signatures and can lead to neutrino NSI.
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A specific example - Dark Higgs and sterile
neutrino: arXiv: 2310.15136
Motivated by the recent excess observed by Belle 2 in B → K + inv.

A dark Higgs, S , mixes with a general extended unspecified Higgs sector (
see: arXiv:1606.04943, 1908.08625, 2001.06522) and couples to a sterile
neutrino state.

LS ⊃
1

2
(∂µS)2− 1

2
m2

SS
2− ηd

∑

f =d ,`

mf

v
f̄ fS

−
∑

f =u,c,t

ηf
mf

v
f̄ fS − gDS ν̄DνD −

1

4
κSFµνF

µν , (1)

The sterile neutrino νD and the light neutrino mix and are taken to be
Dirac fermion.

να(L,R) =
4∑

i=1

U
(L,R)
αi νi(L,R) , (α = e, µ, τ,D) , (2)

(UL = UR ≡ U). Here, we assume Ue4 ≈ Uτ4 ≈ 0
Alakabha Datta (UMiss) A sterile neutrino in the B and MiniBooNE anomalies.June 26, 2024 21 / 36



Model specifics.

The scalar has a mass mS = 100 − 150 MeV and the sterile neutrino
has a mass ∼ 400− 500 MeV.

Both S and sterile neutrino are short lived.

The mixing of the S in the down sector is universal but not in the up
sector.

The production of S (B → KS ,K → πS) and its decay ( S →
e+e−, γγ, ν̄ν).

The production of νD( from mixing with light neutrino) and its decay
( νD → νµS → νµe

+e−, νµγγ, νµν̄µνµ).
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B → KS and K → πS

LFCNC = gbs s̄PRbS + gsd d̄PRsS ,

gbs ≈
3
√

2GF

16π2

m2
tmb

v
ηtVtbV

∗
ts

and

gsd ≈ 3
√

2GF

16π2

m2
tms

v
VtsV

∗
td

(
ηt + ηc

m2
c

m2
t

VcsV
∗
cd

VtsV ∗td

)

VcsV ∗
cd

VtsV ∗
td
∼ λ−4, λ is the Cabibbo angle..

ηt can be fixed to accommodate the new measurement of B → K+inv.
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KL → π0 + inv Bounds

If kinematically allowed: ms + mπ ≤ mK then KL → π0 + inv put bounds
on ηc

gsd ≈ 3
√

2GF

16π2

m2
tms

v
VtsV

∗
td

(
ηt + ηc

m2
c

m2
t

VcsV
∗
cd

VtsV ∗td

)

KL → π0S is CP conserving and so rate∼ Re[VtsV
∗
td

(
ηt + ηc

m2
c

m2
t

VcsV ∗
cd

VtsV ∗
td

)
]

and cancellation is possible to satisfy KOTO bound.

We can choose ηt and ηc to explain B → K + inv and satisfy the
KOTO bound B[S → ν̄ν] ∼ 1.
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K+ → π+ + inv Bounds

K+ → π+ + inv interpreted as K+ → π+X
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] 2c [GeV/Xm 
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) 
U

L
 a

t 
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%
 C

L
 

 X
+ π 

→ 
+

K
 B

R
(

∞ = Xτ  = 5 ns Xτ  = 2 ns Xτ  = 1 ns Xτ

 = 500 ps Xτ  = 200 ps Xτ  = 100 ps Xτ

Various experiments like E979 (arXiv:0903.0030), NA62( arXiv:
2010.07644) put bounds on the BR[K+ → π+X ] for different lifetimes.
We avoid these bounds as we have shorter lifetime.
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The sterile neutrino: Mixing Constraints

The sterile neutrino νD and the light neutrino are taken to be Dirac
fermion.

να(L,R) =
4∑

i=1

U
(L,R)
αi νi(L,R) , (α = e, µ, τ,D) , (3)

(UL = UR ≡ U). Here, we assume Ue4 ≈ Uτ4 ≈ 0

Several experiments including PS191, NuTeV, BEBC , FMMF, CHARM II,
NA62, T2K and MicroBooNE have placed limits on U for long lived
HNL.

We avoid these bounds because both S and νD are short lived with
lifetime less than 0.1 ps.
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Bounds on Uµ4

Bounds: arXiv:1511.00683

arXiv:1802.02965(CMS) Upper
limits at 95% limit for |Ue4|2
and |Uµ4|2 from W → `N,N →
`e+e−ν(100%) between 1.2 ×
10−5 − 1.8 for mN between 1
GeV - 1.2 TeV.

Require mν4 around 400 − 500
MeV with Uµ4 ∼ 10−3 and so
consistent with bounds.
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Constraints
Observable SM expectation Measurement or constraint

B(B+ → K+νν̄) (5.58± 0.38)× 10−6 (2.40± 0.67)× 10−5

B(B0 → K ∗0νν̄) (9.2± 1.0)× 10−6 < 1.8× 10−5

B(B+ → K ∗+νν̄) B(B0 → K ∗0νν̄)
τB+

τB0
< 4× 10−5

B(B0 → K ∗0e+e−)0.03−1 GeV (2.43+0.66
−0.47)× 10−7 (3.1+0.9+0.2

−0.8−0.3 ± 0.2)× 10−7

B(Bs → γγ) 5× 10−7 < 3.1× 10−6

B(Bs → µ+µ−) (3.57± 0.17)× 10−9 (3.52+0.32
−0.31)× 10−9

B(KL → π0νν̄) (3.4± 0.6)× 10−11 < 4.9× 10−9

B(KL → π0e+e−) (3.2+1.2
−0.8)× 10−11 < 2.8× 10−10

B(KL → π0γγ) - (1.273± 0.033)× 10−6

B(KS → π0γγ) - (4.9± 1.8)× 10−8

B(K+ → π+γγ) - (1.01± 0.06)× 10−6

B(K± → µ±νµe
+e−)me+e−≥140 MeV - (7.81± 0.23)× 10−8

∆MBs (18.4+0.7
−1.2) ps−1 (17.765± 0.006) ps−1

∆MK (47± 18)× 108 s−1 (52.93± 0.09)× 108 s−1

aµ 116591810(43)× 10−11 116592059(22)× 10−11
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Neutrino NSI - MiniBooNE Electron like events

Model predicts new effect in neutrino scattering νµ +Z → ν4 +Z and
ν4 decay, ν4 → νµS → νµ + (e+e−, γγ, ν̄µνµ).

Consider as explanation for the MiniBooNE Electron like events. arXiv:
2308.02543( for review).

S

νµ
νD

ν

S

e+

e−

S

νµ
νD

ν

S

γ

γ
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MiniBooNE Electron like events

There is an apparent νµ → νe
conversion of neutrinos and an-
tineutrinos at short baselines in
the MiniBooNE experiment and
the Liquid Scintillator Neutrino
Detector (LSND).

Many solutions, oscillatory(
3+1 oscillations) and non-
oscillatory- like additional new
physics sources of e+e− or γγ
pairs and we focus on the later.
MicroBooNE rules out some of
the solutions but many solutions
still unconstrained.
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MiniBooNE - Distributions

MiniBooNE signal has a distinct angular distribution distribution.
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MiniBooNE - S model

S

νµ
νD

ν

S

e+

e−

S

νµ
νD

ν

S

γ

γ

LSN = CN ψ̄NψNS ,

CN = ZCp + (A− Z )Cn .

The proton and neutron couplings are related to the quark-scalar couplings
by

Cp =
mp

v

(
ηc f

p
c + ηt f

p
t +

∑

d

ηd f
p
d

)
, Cn =

mn

v

(
ηc f

n
c + ηt f

n
t +

∑

d

ηd f
n
d

)
,
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MiniBooNE - S model

The proton and neutron couplings are related to the quark-scalar couplings
by

Cp =
mp

v

(
ηc f

p
c + ηt f

p
t +

∑

d

ηd f
p
d

)
, Cn =

mn

v

(
ηc f

n
c + ηt f

n
t +

∑

d

ηd f
n
d

)
,

ηt and ηc constrained from B → K + inv and K → +πinv decays.

ηd determines coupling of S to electron pairs and so controls B →
Ke+e− and K → πe+e−.

So all terms in the coherent neutrino scattering are constrained from
rare B and K decays.
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Predictions - S model

BP B(S → γγ) B(S → νν̄) B(S → e+e−) B(KL → π0νν̄) B(Bs → νν̄) B(B → K (∗)γγ)

1 0.093 0.907 4.26× 10−5 1.71× 10−9 5.13× 10−7 1.3× 10−6

2 0.717 0.282 7.06× 10−4 3.61× 10−11 3.54× 10−7 3.7× 10−5

3 0.496 0.504 5.93× 10−5 9.02× 10−10 4.14× 10−7 1.7× 10−5

4 0.165 0.835 1.10× 10−4 1.73× 10−9 1.43× 10−6 2.65× 10−6

5 0.829 0.170 9.72× 10−4 2.04× 10−10 1.72× 10−7 6.8× 10−5

6 4.58× 10−6 0.999 7.10× 10−4 1.89× 10−9 1.01× 10−6 6.5× 10−11

7 3.95× 10−4 0.997 2.14× 10−3 2.84× 10−9 4.86× 10−7 7.6× 10−9

KL → π0 + inv can be close to the KOTO bound.

Resonance in B → K (∗)γγ is the main prediction.

The branching ratio of S to electron-positron pair is tiny and so b →
s`+`−(B → K (∗)`+`−) decays mostly SM.
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aµ, ae constraints/predictions

Because of small S coupling to leptons the Barr-Zee diagram dominates .

δ(g − 2)Sγγ` ≈ ηd
4π2

κm2
`

v
ln

Λ

mS
, (4)

ηd and κ control the S → e+e− and S → γγ rates.
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Conclusions

Sterile neutrino is a well motivated extension of the SM - neutrino
masses, dark matter.

The sterile neutrino can couple to SM via various mechanisms- mixing,
new interactions with heavy and light mediators

We discussed how a sterile neutrino may be a common element in
the R(D) − R(D∗) and the B+ → K+inv anomalies with uniques
signatures.
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