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Motivation

e Flavor Changing Neutral Current (FCNC) processes are powerful indirect probes of New Physics
(NP) effects since they are loop- and CKM suppressed.
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e The main obstacle to probe NP at low energies is the careful assessment of hadronic uncertainties:

= Decays based on the b — svv transition are theoretically cleaner than those based on b — s£7,

since they are not affected by problematic long-distance contributions from cc loops.

e Motivation to study these decays:

= Progress in the lattice QCD determinations of the B — K form-factor
= First observation of B - Kvi by Belle-II

This talk: i. Revisit the SM predictions for B - K"uw.

ii. What can we learn from these measurements (in the SM and beyond)?
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B — Kuvv in the SM

e Effective Hamiltonian in the SM:

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

Ay = Vitht
e Short-distance contributions knowni/good precision:

CEM — —Xt/ SiIl2 0W
— —6.32(7)

Two main sources of uncertainties:

Including NLO QCD and two-loop EW contributions:

X, = 1.462(17)(2)

i) Hadronic matrix-element:

(K™ |5.9%br | B)

|
=) K Fuld®)

!

Form-factors (e.g., LQCD)

i) CKM matrix:

From CKM unitarity:
Vo Vsl = [Vaa| (1 +O(X?))

Which value to take (incl. vs. excl.)?
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. Form-factors: B — Kvv See talk by Witzel

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

(K (k)|5.7"0L|B(p)) f(d®) + fola®)

"\

with f+(0) = fo(0) . Only form-factor needed for B — Kvo!

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

| —— f+ OurFit 2o Jdof. ~9.2/10 - 2.5 Our Fit
0.6 __ fo Our Fit % S i R
% X
e f+ FLAG ‘21 Vo s
o - // (N@
—————— fo FLAG ‘21 —=
- P
g 0.5_—- f10 HPQCD ‘22 2
= *
- - MILC ‘16
g‘i I f+o BT g T
= 0.4+ %
_|_ -
Q | =
L [N
| L
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4 r 0.2 SRR O'dB/dB —— Our Fit
0.15= Tt
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0-05 j_\r\ ------ l_ ———————————— T———=—=——-"
0 2 I I l \ I I = L 1 1 1 1 1 L 1 T T 1 1
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Pole factor: q2 [GeVZ] q2 [Ge\/Q]

PAq?) =1 ¢/
[Becirevic, Piazza, OS. 2301.06990]
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|. Form-factors: B —» Kvo

B(B = Kvio)>™/|\|? = {

O. Sumensari

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

[flavio]

|
FNAL’16, LCSR \\

o 1 [FLAG]

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

to smaller branching fractions.
HPQCD 13

[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

(1.33 4+ 0.04) g, x 1073
(2.87 £0.10) g+ x 1073

[ ® 3% uncertainty]

[Becirevic, Piazza, 0S. 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?

e \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, as well as of NP contributions.

NB. w/o vp

o Using the bins (0, ¢2../2) vs. (qix/2s @oax)

rlow/high = 2.15£0.26
T'low /high — 1.91 £ 0.06

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

the g*-shape of SM predictions.
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|l. Form-factors: B —- K*vp

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

2V (¢?)
mp + Mg~

(B (k)[57,(1 = 715)b| B(D)) = Eppoe™ Pk

—ig,(mp + my~)A1(q?)
Az (%)
mp + Mk~

[A3(q®) — Ao(q?)] ,

+i(p+k)u(e* - q)
2mK*
q2

+ iqﬂ(s* ’ Q)

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

(5.9 4+ 0.8) g0 x 1073

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

[ ~ 15 % uncertainty]

M| 72 dB(BY — K*%p)/dg? [x107]]

= Relatively small uncertainties, but are they accurate?
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II. Which CKM value?

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]
See talks by Aversano and Fael

Aelurae = (41.4+£0.5) x 1072 M\¢|crmaster = (40.5 +0.3) x 1072

e Alternative strategy: to use Amp, f_%SBBJ Ael?

,  [419+£10, (Ny=2+1+1) fo.\/Bp, =256 £6 MeV ~ (N;=2+1+1)
‘)\t‘X]_O:
39.2+1.1, (N; =2+1) :
! fB.\/Bp, = 274 £8 MeV (Ny=2+1)

There is not a clear answer to this ambiguity so far.
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9.5 -

S umma ry [Becirevic, Piazza, OS. 2301.06990]

g
X
Decay Branching ratio B T :
E 4-5'_ B — X (v
Bt - Ktvi [(4.4440.14 £ 0.27) x 10~° T+ | |
+ i - _
B® — Ksvi |(2.05+0.07 £0.12) x 10~° % ol + B o
Bt — K*Tvir|(9.79 +1.30 & 0.60) x 10~° j B
0 *0, — —6 3,5_—|....|....|....|....|....|....|....|
B° — K*°ui [(9.05 £1.25 4+ 0.55) x 10 S L L
(M| x 10°

Current Belle-1l uncertainty: 0.7 x 107°

Projected sensitivity/SM (50 ab™!): ~ 10 %
Take-home:

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.

e Binned measurements at Belle-Il would be valuable for testing the B — K form factors.
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INEW] Belle-Il results

SM Average

0.497 4+ 0.037 1.3+40.4

See talks by M. Liu and J. Libby

——

Q

Belle II (362 fb™!, combined)

2.3+ 0.7 This analysis, preliminary
Belle II (362 fb!, hadronic)

1.1+ 1.1 This analysis, preliminary

Belle II (362 fb™!, inclusive)

2.7+ 0.7 This analysis, preliminary

Q

-1

Belle II (63 fbl, inclusive)

1.9+1.5 PRL127, 181802

Belle (711 fb!, semileptonic)

1.0+0.6 PRD96, 091101

Belle (711 fb!, hadronic)

@

: 2.94+1.6 PRDS87, 111103

| BaBar (418 fb'!, semileptonic)
. : 0.2+0.8 PRDS82, 112002
‘o BaBar (429 fb'!, hadronic)
. | 1.5+ 1.3 PRDS87, 112005
i 1 ! A I .
0 2 4 6 8 10

10° x Br(BT™—K " vp)

New Belle-1l results

First Belle-Il result

B(BY — K vp)™® = [2.3 £ 0.5 (stat) To7y (syst)| x 107°

~ 30 above the SM prediction

= More data is needed! Many possible cross-checks (e.g., B — K., semilep. tagging...)

= Can these results be accommodated by new physics?
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EFT for b — suvi

e Low-energy EFT:

Eb—)sw/ _

4GF )\t Nem

V2 27

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

B(B — K®vp)
B(B — K®yp)SM

Z |50

=1+Z

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

Z[ C" (5p7yubr) Wriv*vey) + CR” (5rVubR) (Priy"vi,

ij

2Re[CEM (801 + 605"
3 | CSM |2

VzVJ _|_ 501/7,1/] |2

3|1

Re[0C, ™ (C3M6,;: + 6C"
_nK(*)Z el0CR 7 (CL 0y L)l

P

nk =0

[Becirevic, Piazza, OS. '22]

O. Sumensari

]

31T

20 25 30
B(B — Kvp) x 106

Forbidden region in the EFT approach

[Bause et al. '23]

[Allwicher et al (OS). '23]
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PrEdlCtlons [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]

e Another observable to measure is the K* longitudinal-polarisation asymmetry:

I'h(B — K*vv _ Fp
F, = Lol /) F(B — K*vp)™ = 0.49(7) RF,

['(B — K*uvb)

40 1.4
35
12 | — .
L 30 N o
S 1.0 ¢ e
SM|
X 925- =2\
I3 " 0.8 1
¥ =
= 2
T 0.6-
o
TIAY 0.4
54 M 0.2 1 [0C,]
N —(sck |
0 5 10 15 20 25 30 35 40 0052 0 15 20 25 30 35 40
B(B — Kvv) x 10° B(B — Kvw) x 10°

Depletion of SM prediction!

The measurement of B(B — K*vv) and F;(B — K*vi) would be model-independent
tests of Belle-11 results.
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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: [Buchmuller & Wyler. '85, Gradkowski et al. '10]
i) w*H’D : i) y*
N b v
OHd = (HTﬁMH) (ER’yMbR) Old = (EW/ML> (gpb’}/ubp)
v S 3

0. Sumensari [Bause et al. '23] [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. 23] 19
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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)

’ A 0
b P > |
B 4 B, ¢ B
\\ “ \
s % [ s I i} b

[Bause et al. '23]

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

i) w*
b v
O = (E7”L> (gR%bR)
S Y

v

= Only viable option!

C _
1z = (5 TeV) :

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23] 19



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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SMEFT for b — svv (and b — s£¢)

e " operators invariant under SUR2); X U(1)y: e Correlations for concrete mediators:
1
[Ol(ql): ijkl (Z )(Qk%@l) B Cl(Q) 73 "
[Ol(;)- ijkl (f i L )(@kTI%Ql) - (1’ 5 0) : Cl(q)
O] ikl = (LA*L;) (dry,di) - Uy ~(3,1,2/3): o =Y
Ocq) i = (€7"€;) (. Q1) - S5~ (3,3,1/3): i =3c)
[Oca] 10 = (@7"e;) (drrudy) - R, =1(3,2,1/6): rs

e B.— B, mixing imposes strict bounds! See back-up!
\ - > 8
= Scenarios with a Z" would be in tension with Amy . /W oy
r AV y
= There are LQ models that could explain the excess € N

for mo S 3 TeV.

e Many more correlations with low-energy observables can appear in complete scenarios:

Kt = mtvp (NA62), B = DO7u (LHCb, Belle-11) and Drell-Yan (CMS, ATLAS)

[Marzocca et al. '24]
O. Sumensari
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Other directions?



H 'dd t 7 see e.g. [lzaguirre et al. '17, Gavela et al.’19, Felk et al'. 23, Altmannshofer et al. '23]
' en Sec Ors ° [Bauer et al. '21, Alonso-Alvarez et al. '23, He et al. 23, Buras et al. '24]...
e B — K+ 1inv is also a probe of light/invisibles particles — different EFT description needed:
U > U
B+{ }K(*H B — Kxx
b ——\\——3 B— KX  B-— Kvp
B — Ko¢
/ |
ZX (Emlss) [Kamenik et al. '11, Bolton et al. '24, Rosauro-Alcaraz, Leal. 24|

If the excess is due to B — KX( — inv), where X ~ (1,1,0) is a mediator produced on-shell (i.e.,

with my < my), the main difference would be a peak at g* ~ m;.

e Good fit to Belle-ll data too, since the excess is mostly localised (within large uncertainties):

1.0

2001 B continuum —— Best fit
=3 charged BB +20
175 @ neutral BB 08 +1o
Em SMBY ->K*tw or .
150 —— Gaussian resonance Best flt (2,80) mx =~ 2 GeV
¢ Data <
¥
" 125 1 0.6
c @
3100 z B(B— KX)=(51+£21)x10"°
0.4
75 + + 2
50 0.2
) [Altmannshofer et al. 23]
0 0.0
0 6 8 10 12 14 16 0.0
q? [GeV?]
= To be checked by dedicated searches! See talk by Novoa-Brunet
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Summary & Outlook

e Precision frontier: fundamental to seek new physics particles that cannot be produced

on-shell at the LHC — complementary approach!

e Hadronic uncertainties: QCD remains the main obstacle to using low-energy

observables to probe new physics — caution is advised

o V

C
uncertainties of rare decays in the SM... Belle-ll data and new LQCD results will be

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

essential.

e B — Kvv: Theoretically clean and very helpful to constrain (B)SM physics. More data
and further cross-checks are needed to understand the first Belle-ll results — e.g.,
B’ - Kwi, B — K*ub and F;(B — K*ub).

Many opportunities to explore physics (B)SM in flavor experiments!

Thank you!

O. Sumensari
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B(q?) fB75(¢?)

B(q?) fB75(q¢?)
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1 = n
2 T n n—N N
fr(q®) = 5 3 @b [ = (1) 22N
Pr(q®) %= N
1 N-—-1
2 0 .n
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:— fr Our Fit :— f+ Our Fit
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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




INEW] Warning!

0.0014

ds . m2 +m2, — g2
d—q2(B — D*Iv) o< |Ve|* | F(w)]? w= D

0.0012

0.0010

0.0008

Inew|?|Vep| | F(w)|?

0.0006

0.0004

0.0002

>4 4.

[FNAL/MILC, '21]

Lattice QCD x|V,
Belle untagged
BaBar

Lattice QCD
Belle untagged e~

Belle untagged p~
BaBar synthetic

1.0

1.1 1.2

w

1.3 1.4 1.5

0.0016
0.0014
0.0012

N
~£0.0010
S

N

"% 0.0008
& 0.0006
0.0004

0.0002

[HPQCD, '23]

—— HPQCD B — D*li
+  Belle B — D*ety,
+ Belle B — D* uty,

0.0000

1.0

1.1

1.2

1.3 1.4 1.5

= Needs clarification to reliably extract |V | from B — D*/v...

NB. Recent JLQCD agrees well with exp. datal




Comparison from A. Lytle talk

0.0014

~ Fermilab/MILCx |V|
JLQCD x|V

. HPQCDxXx|Vy|
Belle untagged

JLQCD x|V
HPQCD x|V
Belle untagged e ~

0.0012 Belle untagged p

" Babar BaBar synthetic
¢  Fermilab/MILCx|V_|
0.0010
2 0.0008
"
E
£
0.0006
0.0004
0.0002
1.0 1.1 1.2 1.3 1.4 1.5



0.90 4

0.85 -

0.80

0 5 10 15 20 25 30 35 40
B(B — Kvw) x 10°

‘CS\BIEFT A2 { (C(l) +C(3))ij (5Y"br)(erivuer;)
(C(l) Cz(g))z.j (5.9"bL)(VLivuves)

+2Ves [Cz(f )] y (ecy*or)(@Livuve;)

+ (Culy; (5rr"br) [(Frivuvny) + (Enimers)] + h} ,



Remarks on B - Kww/ B — K(*)ﬂﬂ

& * . . -
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 ¢ 0.07 ¢

N L — B = Kvv o - — B — K'vp

| 0.06] - | 0.06 & B — K*uu
?'5 0.05 - % 0.05¢
q 0.04: q 004
~ C ~— C
— 0.03° — 0.037
] C ) C
. 0.02¢ T 0.02:
% 0.01°« %}/ 0.01°=

0.:||||||||||||||||| 0.:||||||||||||||||||

15} 10 15 20 5} 10 15 20
2 [Ge\/2] q° [Ge\/2]

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

e We can defined the CKM-free ratio:

Ratio of partial branching fractions

R/ _ B(B— K(*)I/D)
K( ) [QOa ] — B(B N K(*)ll) | integrated in the same qz-bin.
[qo’q1]

= Form-factor uncertainties cancel out to a good extent for g% > m’ .

= Neglecting NP contributions, this ratio can be used to extract Cgﬂ |

See back-up!
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e Predictions using perturbative calculation of ¢¢ loops:

= 7.08 £0.04
SM

with the following dependence on C9eff :

1

12

[7.15 —0.45- C§T +0.42- (C57)°] x 1072

~Y

11-

10

Rl

R /) KA
/R v/n)

¢ [GeV?]

[Becirevic, Piazza, 0S. 2301.06990]

RY/M(1.1,6]] =86+0.3
SM
1 ~YJ
19.98 - 145 C5T + 0.42 - (C5T)°| x 1072
107 — Ry
| K[1.1,6)
~ o R%fﬁl,:&]
9 v
i \! o RK/*/TB,G]
: L Rz//fL
. sl K*[1.1,6]
N i « Conventional
S N t
7L
Gl
57 L L 0 4
4 4.5 5) 5.5 6

Precise measurements could help us to understand the various anomalies in b — suu data.
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WhiCh ConcrEte mOdEI? [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]

e More correlations between observables can arise in concrete models:

- Z’: - LQS: bk L3
-—)—-'—%—-
‘l ﬁtﬁ (3|7-|'/6)
|
~——
Se Ly
(Ao / o~
Lz D 9ij (%7“%‘)2” £]§2 D) yf} (dRZ'RQZTQLj> + h.c.
e AF =2 imposes strict bounds :
be e B e
v |
Rl 1R
: | !
2 < - <
Sk be. Se. SR
R
= Small coupling to quarks: 95 <$2x107° TeV™ = Upper bound on LQ mass:
mzg
= Impossible to fit data with a perturbative coupling mrq < 3 TeV

to 7's for a heavy Z'.

Difficult to accommodate such a large excess, but possible in certain models.
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Left vs. Right-Handed Neutrinos
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B(B — Kvv) x 10°

[Rosauro Alcaraz, Leal, 2404.17440]



L F U VS- Single_flavor [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]
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