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Focus on interesting results mostly from quark flavor physics.
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Focus on interesting results mostly from quark flavor physics.

New effects in b — 5 transitions- b — s 0=, b — svir, b — sqg.
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Focus on interesting results mostly from quark flavor physics.
New effects in b — § transitions- b — st 0=, b — svir, b — sqq.

Review of the b — s¢™¢~, b — sviv. New evidence of BT — KT +inv
- about 30 away from SM prediction for BT — K+ + .
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Focus on interesting results mostly from quark flavor physics.
New effects in b — § transitions- b — st 0=, b — svir, b — sqq.

Review of the b — s¢™¢~, b — sviv. New evidence of BT — KT +inv
- about 30 away from SM prediction for BT — K+ + .

Review of the b — sqg. The B — K7 puzzle.

New physics may be heavy or light- Effective FieldTheory.
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Focus on interesting results mostly from quark flavor physics.
New effects in b — § transitions- b — st 0=, b — svir, b — sqq.

Review of the b — s¢™¢~, b — sviv. New evidence of BT — KT +inv
- about 30 away from SM prediction for BT — K+ + .

Review of the b — sqg. The B — K7 puzzle.
New physics may be heavy or light- Effective FieldTheory.

Model with light NP that addresses b — svi, the MiniBooNE anomaly,
also muon g — 2.
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b— su"p~ and b — svv - SM
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B — K*)¢¢ Anomaly ?
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B — K®vp Anomaly
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Hadronic Uncertainties: Charm Loop effects:
arXiv: 1512.07157
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Decay BR(x107°) Acp Scp
Bt — 7t K% [ 23.79£0.75 | —0.017 £ 0.016
Bt — 7°K* | 12.94 £ 0.52 | 0.025 £ 0.016
BY — 7~ KT | 19.57 £0.53 | —0.084 =+ 0.004
BY — 7°K® | 9.93+0.49 | —0.01+0.10 | 0.57 +0.17

Branching ratios, direct CP asymmetries Acp, and mixing-induced CP
asymmetry Scp (if applicable) for the four B — mK decay modes.

AB—f) = Arel®1el® 4 AyeiP2ei%
AB— ) = Ae el 4 Apemi2ei%2

Hence direct CP asymmetry:

cp_T(B—=Ff)—-T(B—f) 2A1 Az sin ®sin A
aq: = = =, = ,
I (B—f)+T(B—f) A2+ AZ+2A1A;c0osdcosA

where ® = 1 — ¢ and A = 61 — 05.
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B — wK simplified puzzle
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We can describe all decays dominated by the b — s penguins by the
following amplitudes: 7', C'. P’ Py, PS,.

/
TS ViVisl G
7] Vi Vs %
il G |7
— = = % ~ 0.03
P Gl 1P|
/
|PL,| _ 1.254« ~ 0.4
P %
|Pl:§W’ ’C7| |P£=W|
= ~ 0..014
P Col * 1P|

The NP required to resolve the B — wK puzzle is |Anp| ~ |PLy|-
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We can describe all decays dominated by the b — s penguins by the
following amplitudes: T, C, P, Py, PS,.

os
IPL_ VVial &4 49
| ’ ’Vuqud‘ Cl
€| |G
— = — ~0.2
| |G
| Pew | 1.254«
= ~ 0.14
P B
| Pew| |G| |Pewl
= . x ~ 0..014
I |Gl [P

The NP in b — d transition like B — 77 is small.
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For the A = B — 7' K/ amplitudes:

A+O — *Pécv
\/5/40+ = *T,el:’y aF Pt,'c - PéW 9
At = _Tle 4Pl
VaA = Pl Pl
3C9
/ _ -2 /
(Bl = 2o RT |

where R = |(V;, Vis)/ (Vi Vius)| = 49.1 £ 1.0

P;. and P[, have the same weak phase..
T’ and P[, have the same strong phase.

So CPV is only from the T’ — P;_ interference.
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.1
A0 = _pl 4 Pl e — ZPS

3 EW >
VA = Tl Clel 4 P~ Ploe
2
- PIIEW - §PECW ’
. ] 2
AT = —T’ew—}—PéC—P{lce"y—gPEW,
VEAO — —Clen = Pl 4 Pleh
1
n Pfl_:w - §P§W :
p. §MR(T'+C’)+§MR(T’—C’)
W 4 c+o 4c—o 7
3¢9+ cio . N 3Co— Cio / /
P, = ——R(T'+ ) —=——=R(T' - C'),
o 4 ¢+ o (T+¢) 4c—0o ( )
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x?/dof 3.18/2

Parameter | Fitted Value
|PL| 50.7 £ 1.7
|| 55+ 1.5
|C'| 38+1.3
|P) | 1.0+9.1
dpy. —16.0£7.3
ocr 205 £ 20
dpr, 8.0 + 350

All SM parameters, all data

|C’"/T'| = 0.68 is pretty large and generally inconsistent with observa-
tions of color suppressed decays.

The default expectation |C'/T’| ~ 0.2 ( see e.g. QCD factorization)
which will worsen the fit.

ACP(00) = —0.11. Hence precise measurement 7°K? is crucial.
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Alakabha Datta (UMiss)

x?/dof 40.2/6
Parameter | Fitted Value
|P.] 50.19 £+ 0.44
| T'| 7.3+1.3
(Spéc —15.4+3.1

Fit 1A: P,. =0,C’ =0, all data

x?/dof 26.7/5
Parameter | Fitted Value
|Py.| 46.23 =+ 0.50
| T'| 5.33+0.72
dpy. —23.5+3.9
dcr 220 + 16

P! =0,|C'/T'| =0.2, all data
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Effective Operators: SMEFT
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At the my scale

4G > 4GE _
., \fF Vi Vie Gryub) (G a), €, ,—= e Vb Vis(517.b1)(GrRY" GR)

4G 4Gr |
Ca f Vib Vis(3rVubr) (G qL),  Cy.—= 7 Vv Vis (5r71:bR) (GRY" ar

(LG _ iGN _
C\‘ZL[th (3 vub]) (@0 af), C\?LRthths(st O)(Gr0"a%

c4GF . c4GF V(3 _
C%vﬁMV@qu%w%>c&MfW;xﬁwm£W#

4G, . € y
€™~ Vo Vs 75,73 (51mbu) (0

Four quarks SMEFT operators can potentially explain both the
b — s¢™¢~ and b — sqg anomalies. Strong constraints come from B,

mixing.
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b — sv can potentially come from SMEFT operators discussed pre-
viously.

Interesting possibilities for contribution to the BR(BT — K + inv):
Dark matter, Bt — KT¢¢p or BT — Ktyx (arXiv:2309.12741) or
sterile neutrinos (arXiv: 2309.02940)- uses effective theory and so less
predictive.

Another possibility is Bt — Kt +inv is due to BT — K™ X where X
is a vector or scalar that is either invisible or decays to invisible states.
archive::2309.17191, 2310.15136, 2311.14629, 2312.00982
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X has to be light enough to be produced on shell in B decays.

X should be below the p threshold so that it does not contribute to
b— sutu.

Take mx between 10 < mx/MeV < 150 to be above the dielectron
threshold.

X is either invisible in the length scale of the experiment or couples to
invisible states.

X is scalar is preferred over vector avoid contributions from longitudinal
polarizations ~ mLX Causes problem to with B and K mixing, neutrino
scattering at higher energies etc.
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For BT — K™S to contribute to the Belle Il signal BT — K*inv, S
has to be long lived and this is subject to beam dump constraint.

Prefer to have S decay to invisible states ( ) and to visible states so
that it is short lived.

Introduce a massive sterile Dirac neutrino, vp, that couples to S. vp
mixes with the active neutrino (v,) with a mixing angle, U. This
generates a coupling of S to light muon neutrino.

The vp is short lived to avoid strong constraints on the mixing U.
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S mixes with a general extended unspecified Higgs sector and couples to a
sterile neutrino state.

Ls D (a S)? —fmSS — g Y 7ffs
f=d,l

. 1
y nf%ffs — 80TV — 3KSFuF™, (1)

f=u,c,t
The mixing of S in the down sector is universal but not in the up sector.

The production of S( B — KS, K — ©S) is decoupled from its decay
(S —ete,yy,iv).

The production of vp( from mixing with light neutrino) is decoupled
from its decay ( vp — 1,S — veTe™, vy, vuuwy).
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B— KS and K — 7§
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3\/_GF m2m, 2 Vcs V*
~ mm V, = cd
8sd 16 1A 2 V ts Nt Ne—> % Vts V;:j

If n¢ ~ 1 then predicted K, — 7% + inv violates the KOTO bound
(KOTO - arXiv: 2012.07571 ).

K, — 795 is CP conserving and so rate ~ Re[V;s vy (nt + 7ec m2 &:&ﬁ)]

and cancellation is possible to satisfy KOTO bound.

We find 7y ~ 0.005 and |nc| ~ 0.1 for B[S — pv] ~ 1.
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K — 7 + inv Bounds

015 016
m, [GeVic?]
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The sterile neutrino vp and the light neutrino are taken to be Dirac
fermion.

4
Vo(L,R) = Z U,gj’R)Vi(L,R) , (a=epu,71D), (2)
i=1
(UL =UR = U). Here, we assume Ues =~ U4 = 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 vp are short lived with
lifetime less than 0.1 ps.

Alakabha Datta (UMiss) Interesting directions in Flavor Physic



Bounds on U

1076 1077 1071 107 1072 107! 10! 10?
my [GeV]
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Observable

SM expectation

Measurement or constraint

B(BT — Ktvi)
B(B® — K*u7)
B(B* — K**vD)
B(B® — K*%et e )o.03-1 Gev
B(Bs — v7)
B(Bs — utu™)
B(K. — m0vi)
B(K, — mPete™)
B(K = 7%7)
B(Ks = %)
B(KT — ntyy)

B(K* — p*v et e )m . >140 Mev

AMg,
AMy

u

(5.58 +0.38) x 10~°
(92+1.0) x 10°°
B(B® — K*%ui) s
(2437549 x 1077
5x 107
(3.57£0.17) x 10~°
(3.4£0.6) x 10711
(3.2732) x 1071

(18.4797) ps—*
(47 £18) x 108 57!

(2.4040.67) x 107>
<1.8x107°
<4x107%
(31539702 £ 0.2) x 1077
<3.1x10°°
(3.52153%) x 107°
<4.9x107°
<2.8x10710
(1.273 +0.033) x 10~
(49+1.8) x 1078
(1.01 +0.06) x 10~°
(7.81 £0.23) x 1078
(17.765 £ 0.006) ps—*
(52.93 +0.09) x 108 s~!

116591810(43) x 10~

116592059(22) x 10~

Alakabha Datta (U.
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Model predicts new effect in neutrino scattering v, + Z — v4 + Z and
vg decay, va — 1,S = v, + (e, 67, vy, vury).

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

P

Boosty Magnetic Decay Absorber  Dirt Detector
focusing horn  region
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There is an apparent v, — Ve conversion of neutrinos and antineu-
trinos at short baselines in the MiniBooNE experiment and the Liquid
Scintillator Neutrino Detector (LSND).

The MiniBooNE, excess is characterized by electron-like events in the
energy region between 200 MeV and 600 MeV and is coincident in
time with the (E,) ~ 0.8 GeV neutrino beam. Considered a 4.8 o
significance.

Many solutions, oscillatory( 341 oscillations) and non-oscillatory- like
additional new physics sources of eTe™ or vy pairs and we focus on
the later

MicroBooNE rules out some of the solutions but many solutions still
unconstrained.
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MiniBooNE - S model: arXiv: 2310:15136
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The proton and neutron couplings are related to the quark-scalar couplings
by

m m
Co= =5 | nefl +mfy + zd:ndff o Go= = | nef e + Zd:ndfd"

7+ and 7 constrained from B — K + inv and K — +minv decays.

Ny determines coupling of S to electron pairs and so controls B —
Kete™ and K — mete™.

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

1
> 87%1
—

1
on axis |
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BP | B(S = v7) | B(S —wvp) | B(S — ete™) | B(KL — n%7) | B(Bs — v) | B(B — K*yy)
1 0.093 0.907 4.26 x 107> 1.71 x 1079 | 513 x 10~ 1.3x10°°
2 0.717 0.282 7.06 x 10~* 3.61 x 107 | 3.54 x 1077 3.7 x107°
3 0.496 0.504 5.93 x 10° 9.02 x 10710 | 4.14 x 1077 1.7 x 1075
4 0.165 0.835 1.10 x 1074 1.73x 1079 | 1.43x 107 2.65 x 107°
5 0.829 0.170 9.72 x 10~* 2.04 x 10710 | 1.72 x 1077 6.8 x 107°
6 | 458 x 107° 0.999 7.10 x 1074 1.89 x 1079 | 1.01 x 10°° 6.5 x 10711
7 |3.95x 1074 0.997 2.14 x 1073 2.84x107° | 4.86 x 1077 7.6 x 1077

Alakabha Datta

K; — 7° + inv can be close to the KOTO bound.

Resonance in B — K®*)y~ is the main prediction.

The branching ratio of S to electron-positron pair is tiny and so b —
stt0—(B — K" ¢t¢~) decays mostly SM.

(U1

iss)
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a,, a. constraints/predictions
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v4 neutrinos can be produced and decay through operators after
integrating heavy fields like leptoquarks, new gauge bosons etc.

For d; — d; + inv — d;nn - one can study in an effective field theory-
v SMEFT or SMNEFT:

(ApYune)(derde), (@p7ugr) (s ne), (B0 e )ejn(Ge ot dy)
(Ejllgnr)ejk(c_lgdt)

With the BT — K™ + inv measurement and other B — K* + inv
bounds scalar operators are preferred (arXiv: 2309.02940).

But no clear connection to other sectors but RGE effects can generate
operators like o, nF*” which can contribute to neutrino scattering.
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v4 do not have to be produced or decay through mixing. New sources of
production and decay in Effective Theories. For example nn production

from B, D decays.

Allows one to explore v4 in Meson decays at facilities like Belle II,
FASER, DUNE near detector etc.
B - D"nt, v s vt — SM, m, = 0. GeV.

Rl SM + Oper 1y = 0.5 GeV
— SM + Opuge m, = 1.0 GeV

Niin/Niot

My [GeV]

B — D*7X where X = v, n with 7 — 7v;.

. . T/l __ B(B*}D(*)T_DT) -
Note presence Of n mlght eXp|a|n the RD(*) = m ( = e,,u)
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Several puzzles in b — 5 transitions in semileptonic and nonleptonic B
decays.

Unified decscription may be possible in effective theory through RGE
effects (SMEFT)

New evidence for Bt — K+ + inv. Interpreted as Bt — KT + S,
where S is a short lived scalar that decays to neutrinos by coupling to
a sterile neutrino v4, which mixes with the light neutrino.

These effects may be the source of the MiniBooNE LEE events.

b — sviv may indicate heavy new physics with a sterile neutrino-
SMENFT. This has interesting signatures in B decays.
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