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Motivation

e Flavor Changing Neutral Current (FCNC) processes are powerful indirect probes of New Physics
(NP) effects since they are GIM suppressed in the SM.
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e The main obstacle to probing NP at low energies is the careful assessment of hadronic

uncertainties:

= Decays based on the b — svr transition are theoretically cleaner than those based on

b — sCC, since they are not affected by problematic long-distance contributions from cc¢ loops.

c "

e Further motivation to study these decays:

= First observation of B* — K*vp by Belle-11 and upcoming measurements.

= New determination of the B — K form-factors on the lattice

= Opportunity to probe NP couplings to 3rd gen leptons — i.e, L. = (v, 7;)".
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Motivation

e Flavor Changing Neutral Current (FCNC) processes are powerful indirect probes of New Physics
(NP) effects since they are GIM suppressed in the SM.
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The B - K®uv decays are among the most promising (and theoretically cleaner!)
probes of NP in current flavor experiments — together with K™ — z7vi [NA62] and
K, — v [KOTO!]

e Further motivation to study these decays: LA

= First observation of B* - K*vr by Belle-1l and upcoming measurements.

= New determination of the B — K form-factors on the lattice. [HPQCD, 22]

= Opportunity to probe NP couplings to 3rd gen leptons — i.e., L_= (v, 7;)".
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Motivation

These processes can be used to learn more about the SM (in particular, the
and non-pertubative QCD), or possible New Physics effects — provided that the SM

predictions are under control:

Hadronic
Decay rate = CKM ... <+ NP effects?
quantities
Exp: Belle-ll Nonperturbative QCD
See talk by de Marino See theory talks by: Bona Bouchard, Altmanshofer, Bolton,
van Dyk Cornella, Marzocca,

Novoa, Schmidt

This talk:

i. Critically revisit the SM predictions for B — K.

ii. What can we learn from b — svi observables (in the SM and beyond)?
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Outline

. Motivation
Il. B— K"u in the SM
i) FFs
i) CKM
l1l. Differential g°distributions
IV. F;(B - K*wv)
V. Remarks on v/u ratios

VI. Summary and outlook

Main focus: quantities beyond the total decay rates — namely, observables built

from kinematical distributions and/or ratios of observables.
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B — K®up in the SM

e Effective Hamiltonian in the SM:

See talk by Altmannshofer

see e.g. [Buras et al. '14]

4G At Olem _
LoV = F - ZC (SLvubr)(PrLiv*ve:) +h.c.,

Ay = Vithz
e Short-distance contributions known 16 good precision:

CEM — —Xt/ sin2 ew
— —6.32(7)

Two main sources of uncertainties:

Including NLO QCD and two-loop EW contributions:
X, = 1.462(17)(2)

[Buchala et al. "93, '99], [Misiak et al. '99], [Brod et al. '10]

i) Hadronic matrix-element:

(K™ |5.9%br | B)

|
=) K Fuld®)

!

Form-factors (e.g., LQCD)

i) CKM matrix:

From CKM unitarity:
Vs Visl = [Vea| (1 + O(A7))

Which value to take (incl. vs. excl.)?
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|. Form-factors: B —» Kvo

See talks by Bouchard and van Dyk

e Lattice QCD data available at nonzero recoil (g # g2..) for all form-factors:

(K (k)[57"5| B(p)) — [<p R

with  f+(0) = fo(0) .

2 2

L - TRB o 77)/](

- q“/] f+(¢®) + ¢

"\

my — ms.

7 fb(q2)

Only form-factor needed for B — Kvo!

e [NEW] We update the FLAG average by combining [HPQCD 22| results with

Xilm/d.o.f. ~ 9.2/10

- fioMILCA6

(M| 2 dB(B — Kvi)/dg* [x1074

: — f4 Our Fit
0.6L fo Our Fit
————— f. FLAG 21
—————— fo FLAG ‘21
C%\ 0.5+m f+0 HPQCD 22
= i
ay
& L
~ -
‘5“ 0.4+
_|_ -
A I
0.3+
‘ L
/ 0 2 _I 1 |
0 5
Pole factor:

Pi(¢*) =1—¢*/M}
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0.2 i\ “““““““ O'dB/dB — Our Fit
0.15E T
01; __________________ Flag 21
0.05 S \\—\!—“. ““““““ Je=y==roo
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¢’ [GeV?]

[Becirevic, Piazza, OS. 2301.06990]
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|. Form-factors: B —» Kvo

*Annihilation contributions not
included below (see back-up)

[flavio]

|
FNAL’16, LCSR \\

° + [FLAG] |
FNAL’16, HPQCD °13 Form-factors based on Light-
Cone Sum Rules (LCSR) lead

to smaller branching fractions.

HPQCD '13
[Bharucha et al. '15, Gubernari et al. '18]

[1606.00916]

FNAL’16

2207.12468]
HPQCD’22

[2301.06990]

FNAL’16, HPQCD’22
I 1 1 1 I 1 1

2.

2.5

3.

3.5 4.

/‘ B(B* — KTvi)M /|\,[2

B(B = Kvio)>™/|\|? = {

O. Sumensari

(1.33 £0.04) g, x 1073
(2.87 £0.10) g+ x 1073

[ ~# 3% uncertainty]

[Becirevic, Piazza, OS. 2301.06990]
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|l. Form-factors: B —» Kvo

o : [flavio]

FNAL’16, LCSR

® 1 [FLAG]
FNAL’16, HPQCD ’13

HPQCD '13

N

*Annihilation contributions not
included below (see back-up)

AN

Form-factors based on Light-
Cone Sum Rules (LCSR) lead
to smaller branching fractions.

Are these results robust?

Form-factor uncertainties at the few % level.

—e—i [2301.06990]

FNAL’16, HPQCD’22
I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1

2. I2.5I 3. I3.5I 4.
/' B(BY — Ktui)™ /|\)

(1.334+0.04) g, x 1073

B(B — Kvo)®M/|\|? =
( )7 {(2.87i0.1O)K+ x 1073

O. Sumensari

[ ® 3% uncertainty]

[Becirevic, Piazza, OS. 2301.06990]
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[Intermezzo]: Cross-check of f£7%(4?%)

e SM predictions depend on the extrapolation of the LQCD form factors to low ¢? values —

parameterisation dependent?

= How can we test the shape of the extrapolated LQCD form-factors?

o i
We Propose to measure: [Becirevic, Piazza, OS. 2301.06990]

_ B(B = Kvi)igw—g2
Tlow/high = B(B — KvD)pigh— g2

= Independent of A, and the form-factor normalisation!

= New Physics effects would cancel out in this ratio as well — provided that NP is heavy.

: : _ See next slides!
e For instance, using the bins (0, ¢2../2) vs. (¢2../2, g¢>..) :

Tlow/high — 1.91 = 0.006 rlow/high = 2.15 £+ 0.26

Binned measurements at Belle-Il would be a useful cross-check of the consistency of

the g*-shape of SM predictions.

O. Sumensari 7



|l. Form-factors: B —- K*vp

e B — K*vv decays are more challenging for several reasons:

2V (q?)

— . B B — _ XV 01,0
(K™ (k)[37.(1 — 75)b| B(p)) = €pvpoc™ P’k mpg + My

—ig,(mp + mg~)A; (¢°)

Az(q?)

BTG s

Figu(e* - q)%;# [4s(a?) — Ao(¢?)] ,

e We use LCSR (-l—LQCD) results from [Bharucha et al. '15, Horgan et al. "13]:

See also [Gubernari et al. 23]

(5.9 4 0.8) g+ x 1072

B(B = K*vo)>™M /| \|? =
( e {(6.4:&0.9)K*+ x 1073

[ ~ 15 % uncertainty]

= Relatively small uncertainties, but are they accurate?

O. Sumensari

See talk by van Dyk
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II. WhiCh CKM value? See talks by Bona and Dorigo

X
e Using available b — ¢V data:
(41.4 4+ 0.8, (B — X Iv)
[Ae| x 10° = £ 39.3 £ 1.0, (B — DIv)
37.8+0.7, (B — D*Ip)
... to be compared to CKM global fits: cf. also [Martinelli et al. "21]
Aelurae = (41.4+£0.5) x 1072 M\¢|crmaster = (40.5 +0.3) x 1072

O. Sumensari



II. WhiCh CKM value? See talks by Bona and Dorigo

X
e Using available b — ¢V data:
(41.4 £0.8, (B — X.lv)
[A| x 10° = {39.3+£1.0, (B — DIv)
|37.8+£0.7, (B — D*Ilp)
... to be compared to CKM global fits: cf. also [Martinelli et al. "21]
Aelurae = (41.4+£0.5) x 1072 M\¢|crmaster = (40.5 +0.3) x 1072
e Alternative strategy: to use Amp, f_%SEBJ Ae|? [Buras, Venturini. '21, '22]
. [41.9410,  (Nj=2+1+41) fo.\/Bp, =256 £6MeV  (N;=2+1+1)
‘)\t‘ X ]_O —
39.2 4 1.1, Ni=2+1 :
Ny ) fB.\/Bp, =274+ 8 MeV (Ny=2+1)

There is not a clear answer to this ambiguity so far.

O. Sumensari



CKM and theory uncertainties oot P 05 125

see also [Buras et al. 21, '22]

B — X v

[Belle-Il projection (50 ab™!)] [Kou et al. '18]

L " B— Dl
4. -

3.5_—|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

[Belle-1I uncertainty. '24]

Vi V| = [Ve| [1 + O(N?))]

The ambiguity in determining V_, can be a bottleneck for SM predictions of clean

FCNC processes such as B — Kvi and B, — pp in the long term.

O. Sumensari 10



Weak-annihilation contributions

e To keep in mind: decay modes with charged mesons are affected by tree-level weak

annihilation contributions.

e Using narrow-width approximation:

Y
X v
\
b @jh B(BY - KWtup)
n J
2

~ B(B" — 7 0) B(rT — KWty)
W
n

e Non-negligible contributions:
'g K(*H-

B(B+ — K+Vp)tree B(B+ — K*+Vp)tree
~ 14 %

~ 11
BB = K7 07))oop BBT = K 0m )iy~ L

Mg+ <M < Mp

= They cannot be removed by a simple kinematical cut...

Belle-1l: These contributions are treated as a background.

O. Sumensari 11



Summary |

Decay Branching ratio

Bt — Ktvi |(4.444+0.14 £0.27) x 107°
B° — Ksvi [(2.05+0.074+0.12) x 107°
Bt — K*Tvir|(9.79 +1.30 £ 0.60) x 107°

B° — K*%vui |(9.05 £ 1.25 £ 0.55) x 107°

FF CKM

*Using V., [B — DZ1] for illustration — the central
value changes by —7 % or +10 % if we use B — D*{v
or B — X .Zv, respectively.

[Becirevic, Piazza, OS. 2301.06990]

Take-home:

SM predictions

N

o

p—t
L I L L L L

Limit (90% CL) or BR measurement
(N

.

x10~°
[Belle, '17] [Belle, '13] [Belle, '17]
. - .
Bt - Ktvi B> Kevv BT - K*tvi B - K*%up

e To remain cautious about hadronic uncertainties associated with the form-factors and the

CKM values extracted from data — non-negligible given the projected Belle-1I sensitivity.

o Binned measurements at Belle-Il would be valuable for testing the B — K form factors.

O. Sumensari

See next slides!

12



umensari

Il. Differential g*-distributions
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What can we learn from dB(B — Kvi)/dg® ?

NB. In particular, w/o v

e If New Physics is heavy, the most general EFT reads:

[Buras et al. "14]

Lerr D

4GF )\t em

V2 27

iJ

[CZM (5:7*b1) (Privuve;) + Cr (5r7"br) (PLmVLj)} +h.c.

O. Sumensari

VilVj
CL

CPM 6 + 607

I/Z'l/j . ViVj
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What can we learn from dB(B — Kvi)/dg® ?

NB. In particular, w/o v

e If New Physics is heavy, the most general EFT reads:
[Buras et al. "14]

4GF )\t em
LerT D
EFT \/i o

[ OV VJ ELVMbL) (ﬂLi'VuVLj) + C}V;Vj (ngy,ubR) (DLi”Y,uVLj)} + h.c.

]

C;Y = oM 6 + 607
Cr” =060y"

[Becirevic, Piazza, OS. '23]

20
(T% E Bt — Ktvv
O 15-
e The only NP effect is the overall rescaling of d%/dg? T
100
dB o v <]
172 — (B = Kvvj) o |[C77 + Cp 12 0(q?) f+(g%)* C%g 050
3

(K (K)|5v"01B(p)) — f+(q*) / 0 5 0 15 2

¢* [GeV?]

ie., withm, — 0

= The g*-shape measured experimentally gives direct access to the f,(g*) form-factor!

O. Sumensari 13



What can we learn from dB(B — Kvi)/dg® ?

e The g°’-shape of B — Kuvv can only be modified in the presence of light NP:

= Example: light RH neutrino New types of operators: b Y
C; Os;, = (Srbr) (Nvr)
ﬁyEFT D) Z — Oz + h.c. ) < Ny
i v T Or, = (§RO'“VbL) (NO-,U,I/VL)

| . and (L & R)
Operators made of SM

flields and N ~ (1,1, 0)
[Felkl et al., '21], [Rosauro-Alcaraz et al. '24], [Becirevic et al. '24],

[Buras et al. '24], [Bolton et al. '25]...

O. Sumensari 14



What can we learn from dB(B — Kvi)/dg® ?

e The g°’-shape of B — Kuvv can only be modified in the presence of light NP:

= Example: light RH neutrino New types of operators: b Y
C; Os;, = (Srbr) (Nvr)
ﬁyEFT D) Z — Oz + h.c. ) < Ny
i v T Or, = (§RO'“V[)L) (NO-,U,I/VL)
| ...and (L & R)

Operators made of SM

flields and N ~ (1,1, 0)
[Felkl et al., '21], [Rosauro-Alcaraz et al. '24], [Becirevic et al. '24],

[Buras et al. '24], [Bolton et al. '25]...

- 1'02_ Tensor B" — K'vy
1 -
?.5 0'8; = Binned ¢*-distributions can probe EFTs
o 0.6- Scalar with new light d.o.f. — provided thatf+(q2)
(a») L
= 04C SM is well known.
<5t ”
o 02C See talk by Schmidt
= i
005 v v vl L . . :
0 5 10 15 20 = Reweighting of the MC is needed for
g% [GeV?] consistency.

See talk by Gaertner
NB. Separate contributions (to be added to the SM)! g

O. Sumensari 14



What about dB(B — K*vi)/dg* ?

e SM form-factors: B —» K*uv (K (K)|37,b|B(p)) — V(¢?)

(K (k)|57.75b1B(p)) = A1(q”), A12(q”) ., with m, = 0

o The g*-shapes of B — K*vv can be mildly modified by the EFT (with LH neutrinos):

— 12F <
N C VrlUs |
LH: |> 100 o <0 R Z
=il C% : nn <
S SM v
| - o
S 60 =
X - RS
~ AP o
S i VrUs =
Rescaling of g 2 Lo oL > \ )
- 3
the SM: < I T N
20F
\ = L5 Z
. L0 A
Z, 0.5F <
(),O:—I Lo /
0 5 10 15

q2 [Ge\/2] Almost flat!

= The differential g*-distribution is mostly sensitive to the B — K* form-factors.

NB. They could be modified by operators with light NP — cf. back-up.
O. Sumensari 15



Summary ||

b v
Differential ¢’-distributions ><
S v

I. If New Physics is assumed to be heavy [i.e., SMEFT]:

o dB(B — Kuvv)/dg? gives direct access to f+(q2) — i.e., independently of NP effects!

o dB(B — K*wv)/dg? is mostly senstitive to the form-factors — with mild g*-dependent

effects induced by contributions from right-handed currents.

= Useful cross-checks of form-factor inputs!

O. Sumensari 16



Summary ||

b v
Differential ¢’-distributions ><
S v

I. If New Physics is assumed to be heavy [i.e., SMEFT]:

o dB(B — Kuvv)/dg? gives direct access to f+(q2) — i.e., independently of NP effects!

o dB(B — K*wv)/dg? is mostly senstitive to the form-factors — with mild g*-dependent

effects induced by contributions from right-handed currents.

= Useful cross-checks of form-factor inputs! .

Il. If New Physics has light d.o.f [e.g., EFT with light vp]: © S S S

e Differential distributions can be used as additional probes of New Physics — assuming

that SM predictions are under control.

See talks by Schmidt and Bolton

Important: Monte Carlo reweighting needed for consistent reinterpretations!

See talk by Gaertner
O. Sumensari 16
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FL (B — K*VV) [Altmannshofer et al. ‘09, Buras et al. '14] AP

e The B - K*( - Kr)vv distribution reads

d?T 3dI'; 5 3dl'r .
= ——— v ——— sin“f#
dg?dcosOr 2 dg? cos™ Uk + 4 dg? S PR
= Longitudinal (I';) and polarization fractions can be extracted from data.
e Two independent observables:

dr  drp dryp ~drp /dr

5 — 5 -+ PN FL — 5 5
dg dg dg dq dg

= The longitudinal polarization fraction (F;) is a ratio, thus independent of the CKM

matrix (4,) and less sensitive to form-factors uncertainties.

B(B? — K*%vp)"™ = (9.1 £ 1.3 £0.6) x 107° Fr.(B? — K*vp)™™ = 0.49 £ 0.04
FF CKM FF
= Clean probe of New Physics effects! [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]

O. Sumensari
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Fr.(B — K*vv)

| B> K'ui L+T
T 6
% I
dI’ dI’ = :
F, = &z /40 T 4-
dg® / dg? = 0
¥t
S
Q
= I
dr O=" . « v v 1 o
d—qg o |Cp, — Crl* A1a(q*)’ 0 2 10 1o
> [GeV?
dFT 2 2\2 2 2\2
d—QmeCL—CR\ A+ #|Cr + Cr*V (¢?)

Contributions from LH operators (6C; # 0) cancel out in F;.

This observable is sensitive to right-handed currents (6Cy # 0)!

O. Sumensari
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P rEd lCthns [Altmannshofer et al. '09, Buras et al’. '14, Das et al. '17]

e F;(B — K*wv) provides an efficient probe of right-handed currents:

I'L(B — K*vp _ _ I
F = L{ k ) Fr(B — K*vp)™ = 0.49(4) Re = Zom
['(B — K*vv) L
1.6
*Only v,
1.4 -
1.2 -
=104
5 1.0
0.8 -
0.6 1 <
i ' 04 / T T T
0 3 108(15 20 )25 S0 840 0o /5 10 15 20 25 30 35 40
b — Kvp) x 10 B(B = Kvv) x 10°
Depletion of SM prediction! ( )
See also [Bause et al. '23] [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]

The measurement of B(B — K*vv) and F;(B — K*vi) would be model-independent tests

of the excess in BT — Ktvv data.

O. Sumensari 19



Predictions: LH vs RH neutrinos

|[Rosauro-Alcaraz, Leal. "24]

1.8
Scalar operator 1.6 1
(with RH neutrinos) s
1.2

Oivga = (IN)e(gd) <10
— (Spbr) (VL N) + ... < 0.8

0.6 -

Vector operator 4
(with LH neutrinos) 0.2 -
0.0

B B 0 5 10 15 20 25 30 35 40
O, = (Z’}/’ul) (d’}/,ud) B(B — Kvv) x 10°

— (ER’}/’LLZ?R) (DLV/LVL) + ...

F;(B — K*vv) can distinguish between EFTs with left- and right-handed neutrinos

See also [Buras et al. "25]

O. Sumensari 20



Summary Il

F;(B = K*wv)

e The longitudinal polarization fraction (F;) is theoretically cleaner than the
B — K*vv branching fraction — i.e., it is independent of the A, and form-factors

uncertainties are reduced in this ratio.

e Within the usual EFT scenarios (with SM neutrinos), F; can directly probe effective
operators with right-handed quark currents.

e A peculiar feature is that operators with LH and RH neutrinos explaining the excess
in BY > K*vv data lead to different predictions to F;, — this complementarity is

worth exploring!

AP {ﬂmq_

O. Sumensari
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Remarks on B - KVww/ B - KW uu

& * . . -
e B— K%y and B - KWuu have a similar decay spectrum away from the narrow ¢ resonances:
[Becirevic, Piazza, OS. 2301.06990] [Bartsch et al. '09]

0.07 roemes 0.07 et
— ¢ RS —— B Kui — n y — R — K'vu
CT> .006_ * B — Kupu CT> 006: B‘—{[’\"*,U/J,
S F 24 r )}
D) C 4 D) C
< 0?0.5.5______, 3 0.05 .
L 4 | |
Q 0.045— Q 0.94_: “
— 0.03F <~ (03E ‘
5 o0 5 o ‘-
= 0.02 - = 0.02 - :
C r ]
< 0.01F < 0.01: '
SN—" N SN—" C [
0.0 L 0. . .
5 5 10 15 v 20,
¢ [GeV?]

*using 2-loop results for cc loops from [Asatryan et al. '09]

O. Sumensari



Remarks on B - KVww/ B - KW uu

e B— K%y and B - KWuu have a similar decay spectrum away from the narrow ¢ resonances:

0.07 -
0.06 ¢

s

0°05.-
0.04:
0.03°
0.02:
0.01:
0.0 v

—

(dB/dq?)/B [GeV 2

[Becirevic, Piazza, OS. 2301.06990]

[Bartsch et al. '09]

— B — Kvv

0.04°

0.07 -
0.06 -
0.05¢

/7 ¢
§.03%
0.02E
0.01 -

(S

- N

"—R—> K*vp

q* [GeV?]

e We can defined the CKM-free ratio:

¢* [GeV?]

*using 2-loop results for cc loops from [Asatryan et al. '09]

Ratio of partial branching fractions

*) 1,75 ,
R(V/l)[ 2 2] — B(B — K VV) ) integrated in the same g*-bin.
K 0> 9= T B R G :
(45,43 > P
Cl,'L
C ¥
= Form-factor uncertainties cancel out to a good extent for g% > m? . , ¢ 3

= Neglecting NP contributions, this ratio can be used to directly probe Cé‘” — independently

of form-factors!

O. Sumensari
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Predictions using perturbative calculation of c¢ loops:

Ri/V1.1,6] =7.58+0.04 RY/M(1.1,6]] =86+0.3
SM SM
with the following dependence on C9eff :
1 ~ 1
RY/V(1.1, 6] lsm RW/D[1.1,6] lsm -
eff\ 2 -
7.15 - 045 G +0.42 (C5T)| x 107 9.98 — 145 G+ 0.42- (C5")7] x 10°2
" (v/1)
R
11 K*
R(]?/AL>

10f e The g?-dependence from kinematics

9 []
/ and form-factors fully cancels out in
8

these ratios.

(v/u)

Ry

m\i w
o

Binned measurements could provide

us with additional information on Cgff

- kel
- () A
R
1 — UR<,1:/»'>/ Ry

0005 - — e.g., is it g*-independent?
“‘2 “3””4IH‘5HH6

Could such measurements help us to understand the various anomalies in b — suu data?

O. Sumensari



Summary & Outlook



Summary & Outlook

e B — KWyu: rather theoretically clean and very sensitive to NP effects — in particular,

to operators with 3rd generation leptons!

e Hadronic uncertainties: nonperturbative QCD effects remain the main obstacle to
using low-energy observables to probe new physics — caution is (always) advised!

e Differential distributions: the precise measurement of d%/dg? could provide a helpful

cross-check of the relevant form-factors, and a potential probe of EFT scenarios with
light NP.

o V

. theory and exp. progress is needed to solve this issue — needed to fix the

parametric uncertainties of rare decays in the SM... Belle-Il data and new LQCD results
will be essential.

e Belle-1l: More data and further cross-checks are needed to understand the first Belle-lI|
results — e.g., BY — Kawv, B — K*vv and F;(B — K*up).

Many opportunities to explore physics (B)SM with Belle-II!

O. Sumensari



Final words — to not be forgotten: See talks by Cornella and Nanjo

0

e K*¥ - 7n%wv and K; — 7n°vv are also very clean probes of New Physics!

e These decays can probe energy scales up to ~ 100 TeV and they can be connected

to B — Kvv in concrete flavor scenarios. [Allwicher et al. '24]

10—8 - L
] - e Minimal U(2),
" e General U(2),
| KOTO direct exclusion @ 90% CL :
10~° E = L
T A i
B <2 |
0 T i
= + :
s 2l 2|
1010 - <
1} .
r SM e )
- \Q ---------- r
10_11 T T T T T T 0 L : : ' : . : = ' - . ' * * : '
050 075  1.00 125 150 175 200 225 250 0 1 2 3
B(K* — ntvi) x10710 B(K+ — wtui)

B(K+ — 7T+I/17)SM

It is fundamental to continue investigating rare kaon decays with NA62 and, most
importantly, KOTQO and its upgrades!

O. Sumensari
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Thank you!
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Form-factors: B —» K*
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FLAG - Bag parameters
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Figure 23: Neutral B- and Bs-meson-mixing matrix elements and bag parameters |[values in
Tab. 35 and Egs. (182), (185), (188), (183), (186), (189)].



B(B — K*vv) x 10

LFU VS- Single_flavor [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]
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L F U VS- single_flavor [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]
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EFT for b — suvi

e Low-energy EFT:

see e.g. [Buras et al. '14]

4G )\ Oéem yzy — viVs; s — —
Loy = Z [ " (507ubr)(vLiv*vry) + Cg™ (SR%[?R)(VLWMVLJ')} +h.c.,

V2 27

ij

e Complementarity of B - Kvv and B — K*ub :

B(B — K®up) 2Re[CM (5CH + 6C%™)
. 1 _I_ Z L L R

B(B - K®yp)SM 3|CEM 2
Z |50”“’J + 607572
- 3|CSM|2
Re[dCR" (C3M6;; + 6C7)]
_/n' 2 3ICT]
Nk =0
i~ = 3.5(1)

[Becirevic, Piazza, OS. '22]

i0 15 20 25 30
B(B — Kvp) x 106

Forbidden region in the EFT approach

[Bause et al. '23]

[Allwicher et al (OS). '23]



SMEFT for b — svv (and b — s£¢)

e SMEFT is formulated for A > v_, with SU(3),. X SU(2); X U(1)y invariant operators.

e Gauge invariance correlates b — svi with b — s£¢ since L, = (v;,, £;)" .

e Two types of d = 6 contributions at tree-level:
i) W H*D :

OHd = (HTﬁMH) (ER’}/MZ)R)

[Bause et al. '23]

[Buchmuller & Wyler. '85, Gradkowski et al. "10]

i) w*
b v
O = (E7”L> (gR%bR)
S Y

= Only viable option! J

C _
1z = (5 TeV) :

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]



SMEFT for b — svv (and b — s£¢)

e " operators invariant under SUR2); x U(1)y: b — stf b — svv
(1) — (TA*LN(O z
[Ol(q1 )- ijkl “L;) (Qru Q1) Ol (_L L) <%%Q ) _
[0(3) - - ) (Q , 0 ) = (fLW“ng) (de%sz) + (vLi’Y“VLj) (de%,sz) +
lg 1ijkl ’Y T kT Tl

[01(3 ] ikl = (L7 L) (@' Q1)
= (ELi7 ij) (de%dLl) — (VLi’Y“VLj) (auc%du) -+

1igkl _ —
! [Oldijl = (Ly"L;) (dryuds)

= (ZL{Y“KL;') (ER/C%CZRZ) + (VLW’“LVLJ') (ERIC%de)

= (Lov
=

O], = (Lir" )(dmdz)
= (@

Jiju = (@

Wthh ﬂaVOr? [Bause et al. 23] [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]

i. Couplings to muons are tightly constrained by %B(B; = puu) and Ry. x

ii. The only viable option is coupling to 7's (due to weak exp. limits on b — st7). V

= Predictions: B(Bs —77) = B(B—= K™r7) ~ 10
B(Bs — 77)M — B(B — K®)r7)SM —

However, experimentally challenging... see e.g. Capdevilla et al. ‘17
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Right-handed neutrinos

Vector Scalar Tensor
Ovyp, = (ELV%L) (EL%VL) Ospp = (gRbL) (DLN) Or, = (§L0WbR) (ELO';WN)
Ovy, = (ERV%R) (PL%,VL) D = (ngR) (DLN)
+..
107 a7 107
BT — KTvu % BY s K0,
— 1077 O, 1075L
| o
>
g: 106 SR
o AN
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<) 1077 L E 1077 =
= - T
= 10—8 - 4 10_8 L
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Table 3: Baseline (improved) expectations for the uncertainties on the signal strength
(relative to the SM strength) for the four decay modes as functions of data set size.

Decay lab™" 5ab " 10ab™" 50ab "
BT — K*vp 0.55 (0.37) 0.28 (0.19) 0.21 (0.14) 0.11 (0.08
B® — KJviv  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40
BT — K*tvp 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38
B — K*p 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23

S S S




[Intermezzo: Using the public likelihood]  se oy caenne

Naive reinterpretation: Correct reinterpretation:
[Belle-1l, '25], [Gartner et al. "24]

16

cg B
O :
—|— 0

g _
D L

>
|

Scalar:

Constraints on vector operators are remain unaffected, but those on scalar/tensor ones
change significantly!
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