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MOtlvatlon See talks by Buras and Schwanda

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 — svi 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 Further motivation to revisit these decays:

= Progress in the lattice QCD determinations of the B — K form-factor

= Upcoming measurement at Belle-1l (this year?).

This talk: i. Revisit the SM predictions for B —» Kuw.

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



S M prediCtionS See talk by Buras

e Effective Hamiltonian within the SM:

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

At = Vithz
e Short-distance contributions known tg’ good precision:

SM . 9 Including NLO QCD and two-loop EW contributions:
C?V = =X, /sin” Oy

Two main source of uncertainties:

i) Hadronic matrix-element: ' ii) CKM matrix:
v From CKM unitarity:
(KW[sy"bp|B) = > 1 Fulq”)
a T Vo Visl = Vel (1 +O(A%))
Form-factors (e.g., LQCD) Which value to take (incl. vs. excl.)?
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Form-factors: B — Kui

e Lattice QCD data available at nonzero recoil (g # g2..) for all form-factors:
(K (F)|5.7"bL|B(p)) f+(a?) + fo(a®)

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

e Lattice results —

07 FLAG2021
. B T T T T | T T T T l T T T T l T T T T T T T T | T T T
fo average
f+ average
0.6 3 f+ HPQCD 13 = ]
' i f+ FNAL/MILC 16 o
- fo HPQCD 13 88— 1
— ? fo FNAL/MILC 16 +o— ]
&, 05 ; 7
< I Ve - - Vit
E - B Vis — @+t —to
~ 03 _
A ]
& g
0.2 + N
Pole factors: ]
0‘1 1 | ] ] | 1 ] | | ] | ] | | ] | ] | | | | \ |
Pi(q?) =1 — ¢/ M? -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
| l z(qzatopt)
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Form-factors: B — Kui

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

_ 9 2
(K (k)|sLy"br|B(p)) fr(a®) + folq®)
with f+(0) = fo(0) . Only form-factor needed for B — Kvo!
e [NEW] We update the FLAG average by combining results with
| —— f+ OurFit 2o Jdof. ~9.2/10 =
I fo Our Fit S
0.6 1 >
————— £, FLAG ‘21 & =
------ fo FLAG 21 / <l
: =
&; 0.5 f, o HPQCD 22 '§
R I n
= 04- o)
] 2
g 7
0.3- < Ul
4 r 0.2 ;—\ “““““““ O'dB/dB —— Our Fit
0.15F el
01 = Flag 21
O 055—\\ “““““ [TTmmmmee e fo————— o
0.2l | | | | E— e
0 5 10 15 20 0 5) 10 15 20
Pole factor: q2 [GeVQ] q2 [Ge\/Q]

Pi(¢*) =1 - ¢* /M7 -
[Becirevic, Piazza, OS. 2301.06990]
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FOrm-faCtOrS: B —> KI/D *Annihilation contributions not

included below (see next slides)!
e QOur final predictions:

o : [flavio]

w
FNAL’16, LCSR \\

° i [FLAG] .

Cone Sum Rules (LCSR) lead to
smaller branching fractions.

HPQCD '13

o i [1606.00916]
FNAL’16

—e—i [2‘2()7.'1 24(’58}
HPQCD'22

—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 — K+ vi)™ /| \)?

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

B(B — Kvi)>™ /|\|? = { [ & 3 % uncertainty]

[Becirevic, Piazza, 0S. 2301.06990]
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[Intermezzo]: Cross-check of ff_)K(qz)

e SM predictions depend on the extrapolation of the LQCD form-factors to low g°

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(B — I(Vp)low—q2
Tlow /high = B(B N Kuﬁ)high—rf

= Independent of A, and the form-factor normalisation, as well as of NP contributions.

NB. W/O I/R

e Using the bins (0, g2../2) vs. (g2../2, ¢>..) :

Tlow /high — 1.91 4 0.06 Tlow /high = 2.19 1= 0.26
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Form-factors: B - K*vi

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

2V (%)
mp + Mg~

(B* (k)|57(1 = 15)b1B(D)) = Eppoc™ 9k

—ig,(mp + my~)A1(q?)
A>(¢?)

[A3(q®) — Ao(q?)] ,

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

+ iqM(s* ’ Q)

e We use LCSR (+LQCD) results from

(5.9 £ 0.8) g0 x 1072

B(B — K*vi)>™ /| \|? =
( il {(6.4:1:0.9)K*+ x 1073

[ ~ 15 % uncertainty]

= Relatively small uncertainties, but are they accurate?

¢ [GeV?]
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WhiCh C K M value? See talks by Buras and Becirevic

e Using available b — ¢V data:

(4144 0.8, (B = X.Ip)
[Ae| x 10° = £ 39.3 £ 1.0, (B — DIv)
137.8+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 I\ |cxMatter = (40.5 +0.3) x 1077

e Alternative strategy: to use Amp, f?gSBBJ Ael?

5 419410, (Ny=2+1+1) fB.\/Bp, = 256 £ 6 MeV (N,=2+1+1)
‘)\t‘ X ]_O —
302+ 1.1, (N; =24 1) A
! fB.\/Bp, = 274 £8 MeV (Ny=2+1)

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

B(BT — K®WTup)
~ B(B" — ) B(rT = KWty)

o Non-negligible contributions:

B(B+ — K+Vﬂ)tree 14 (7 B(B+ — K*+Vﬁ>tree
~ 0

~ 11
B(B+ — K“_Vﬂ))bop B(B"' — K*+Vﬂ))1oop 7

Mg+ S My < Mp

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

Belle-11: Can these contributions be disentangled by exploiting the 7 lifetime?
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S u m mary [Becirevic, Piazza, OS. 2301.06990]

[Belle 1303.3719, 1702.03224]

[BaBar 1009.1529, 1303.7465]
*Using V., from B — D?¢v for illustration

ch

10—4-
Decay Branching ratio : ::/ll) (90% CL)

BT — K*vi | (5.06 +0.14 +0.25) x 10~° -

B° — Ksvv | (2.05+0.07£0.12) x 107° ' —
Bt — K*vi|(10.86 + 1.30 & 0.59) x 107° 1072 B B t I
B® — K*%v | (9.09 & 1.20 + 0.55) x 10~° x

3
107°

B(BT™ - K*vp) B(B° - Kqui) B(BT™ — K**vv) B(BT — K*%p)
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S u m mary [Becirevic, Piazza, OS. 2301.06990]

[Belle 1303.3719, 1702.03224]
[BaBar 1009.1529, 1303.7465]

*Using V., from B — D¢y for illustration

ch

107 o
Decay Branching ratio ] = B (0% CL)
= SM
B*Y - K*tvi | (5.06 4 0.14 + 0.25) x 10~° -
B° — Ksvv | (2.05£0.074+0.12) x 107° ' —
_5 | _ —
BT — K*Tup|(10.86 & 1.30 + 0.59) x 10° 10775 1 i
B° — K*%vi | (9.09 £ 1.20 + 0.55) x 10~° ; <
3
1079
o B(BT™ - K*vp) B(B° - Kqui) B(BT™ — K**vv) B(BT — K*%p)
SM Average [Belle-11 2104.12624]
0.46 “‘ui ‘1.140.4
E ,,I | Be}l% _I‘II”(gS(S b1, IInclusive) /
l ) A
1 —1
—— Belle (711, SL)
: -1
i . oelle il i, Had) Belle-11: New results expected soon?
s : Babar (429 fb~!, Had+SL)
: ! | l l l | l ().b‘i().?1 PR|D87: 112005' | ' . ,
0 2 4 6 8 10

10° x BI‘(B+—>K + 1/17) See talk by Schwanda
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S u m mary [Becirevic, Piazza, OS. 2301.06990]

[Belle 1303.3719, 1702.03224]

[BaBar 1009.1529, 1303.7465]
*Using V., from B — DZv for illustration

10—4-
Decay Branching ratio : ::/T (90% CL)

BT — K*vi | (5.06 +0.14 +0.25) x 10~° -

B° — Ksvv | (2.05+0.07£0.12) x 107° ' —
BT — K*tvi|(10.86 4 1.30 + 0.59) x 10~ ° 107°- B B t I
B® — K*%v | (9.09 & 1.20 + 0.55) x 10~° x

3
107°

B(BY - K*tvp) B(B°— Ksvv) B(BY — K*tvp) B(BT — K*%vp)

Take-home:

e To remain cautions about hadronic uncertainties associated to the form-factors and the

extraction of CKM matrix-elements — non-negligible given the projected Belle-1l sensitivity.

e Binned measurements at Belle-lIl would be a valuable piece of information to test the

consistency the SM predictions.
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What can we learn from B - KOup ?

e Remarks on B — K(*)UE/B — KOuu
e Implications beyond the SM



B - K9w/ B = KOuu

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

[Becirevic, Piazza, OS. 2301.06990]

0.07 - 0.07
S 006 — B Kup S 0060 — B Ky
| HE B — Kupu | s B — K7 pp
% 0.05 & ?‘; 0.05 ¢
g 0.04;— g 0.04 :
g; 0.03;— g;: 0.03:
S 002 T 0.02:
=2 001- =2 001
O' : 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 O‘ : 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
5 10 15 20 5 10 15 20
7 GV 7 GV
. . *using 2-loop results for c¢¢ loops from [Asatryan et al. '09
e We can defined the CKM-free ratio: | |
w/)r 2 21 _ B(B — K(*)VD) < Ratio of partial branching fractions
RK(*) [QOa q1] = B(B . K(*)ll) | integrated in the same g*-bin.

[q2,4%]

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

= Neglecting NP contributions, this ratio can be used to extract Cg‘” !
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e Predictions using perturbative calculation of ¢¢ loops: [Becirevic, Piazza, OS. 2301.06990]

(V/l) _
[1.1,6]] =7.58+0.04 RY/V1.1,6)]] =86+0.3
SM SM
with the following dependence on Cgeff :
1 ~ 1
(U/l)[l 1,6]ls =
2 _
[7.15 —0.45 - Cgﬁ +0.42 - (Cgﬁ) ] x 1072 [9.98 —1.45.- Cgff +0.42 - (033)2] % 10~2
12
(v/n) 7 ”
no 10 — Rl
i (v/n) I i
10; R I o RK/’f[l.IZ’)]
9. 9-7 \! o R%M[m
S/E ?E i % « Conventional
& & I N
r
5+ 6;
0.05F T (/)/K — i
| i K/;
o e |
| | \ | 4 ] 4 4 4
2 3 4 5 6 4. 4.5 D. 9.5 6
¢ [GeV?] (Cs")

This measurement could help us to understand the various anomalies in b — suu data.
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Implications beyond the SM

e Low-energy EFT:

4G )\ aem viv; s _— — viv; ,_— —
Loy = Z [CL P (507bL) (Vriv*vey) + Cg 7 (8rYubr)(Vriv*vey)| + hec.,

. - *7,7 - Vil
e Complementarity of B - Kvv and B — K*up : Example:  0C 7 = 0i; 6CLr)

B(B— KWvw) - Z 2Re[CPM (6CT" + 5CH")] g ,
B(B N K(*)VD)SM - B‘CSMP 06 B — K*virYR0 ab ],"
Z |6C””’J +0CH" |2 04
S‘CSMP = 0.2
0 B
o Z Re[6C" (CIMG,; + 6C; )] S o
SM |2 ?
3|CE S
ng =0 —0.4}
: / Excluded (BaBar, Belle)
_0'8{ A e

_0.8 —06 -04—-02 0. 02 04 0.6 0.8

. . . §CL/CEY
NB. F.(B— K*vv) < B(B — Kvv), B(B — K*'vp)
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SMEFT

e EFT invariant under SU(2) x U(1)y [w*: b — stl b— svv
[04] 0 = (T Ly) (@ @) O], = (EAL) (@)
(00 0 = @7 L) (Qr" 1) = oy tey) (@rarpdi) + (Prirvey) (dosrudie) +
(Ol g = (L7*Ly) (diyudi) 030 = (L 7" L)) Qv Q1)
[Oeq: ikl = (en"e; )@k%Ql) = (Cov*lr;) (doxvudrn) — (Zriv*ve;) (doavedr) +
Oed] 0, = (@) (diyuch)

[Old} ikl (ZWMLJ'> (3k’/yﬂdl>
= (zLﬂ“ij) (ERIC%de) + (VLWM VLj) (3Rk’mdm)

e Correlations for concrete mediators:

- 7'~ (1,1,0) : cl#0, Y=o

- V~(1,3,0): cV=0, cP+o0 \ / '.(Qf
\

U~y e AL -

_ S5~ (3,3,1/3): Ciy) =30y

(SUB)e, SU2)L, U(1)y)
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Example: couplings to x;

b — syu b— svv/b— supu

-t B— K — 7'~ (1,1,0) h B— K — 7'~ (1,1,0)
7 1.4F 141
E\ - _VN(17371) L _VN<17371)
= —
& — U~ (3a 1a2/3> f“ — U~ (37 172/3)
T 19f Sy~ (3.3,1/3) =19l Sy~ (3.3.1/3)
N G |
= | e
) 02
SO S
S s& _
T " ~—
Q
— 0.8 0.8
& 08

| | ! | | | | | | | | | ! | 1 | 1 | I | 1 | 1

06 —04 —02 O 0.2 04 06 06 —04 -02 0. 02 04 06
i ipt fp fip
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Example: couplings to 7;

e Unique access to operators with left-handed 7’s :

[Ol(;)] 3323 (L37ML3) (@27MQ3)

[0(3)]3323 (L37MT L3) (@2#%@3)

with

co 2 > 16 TeV 10
lq

Complementarity with other observables!

[Allwicher, Faroughy, Jaffredo, OS, Wilsch. 2207.10756]

See talks by Jaffredo and Smolkovic

0.4

1719 —¢ FIF B — K%up
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Summary



Summary

e B — K" decays are cleaner than B — K®uu, but one should still be cautious about the

hadronic uncertainties associated to the form-factors and CKM matrix-elements.

e Recent LQCD calculation of B — K form-factors by HPQCD makes Br(B — Kuvr) rather precise,
but it should be cross-checked independently:

= Binned data could be useful to test these predictions — which are more reliable at high-g~°.

= We propose to measure the ratio Br(B — Kub),, /Br(B — Kub)y;, which only depends

on the g°-shape of the (extrapolated) vector form-factor.

e The ambiguity in the CKM matrix-element determination is the dominant uncertainty for

B — Kvv decays and it remains an open problem — which value to take?

e The ratio of B = KWu/B — Kuu is independent of the CKM and only mildly dependent on

the form-factors — opportunity to extract the cc-contributions to CJ* (i.e., for b — sup).

We are looking forward to the Belle-Il results! Many opportunities to test (B)SM physics!

Hvalal
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Back-up



FLAG2021
07 ‘11 r 111t 1t 1 [ 1 Tt 1 T [ T T T T [ T T T T ]
i fo average i
B f+ average .
0.6 [ f+ HPQCD 13 = ]
i f+ FNAL/MILC 16 +—e— -
h fo HPQCD 13 +&8— 1
i ; fo FNAL/MILC 16 66— |
05 [ : -
04 | E
03 | i -
i 8 ]
02 | -
01 : ] | 1 1 | ] | 1 1 | 1 1 1 1 | 1 ] | 1 | 1 1 | 1 | | 1 ] 1 :
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
z(qzatopt)
FLAG2021
0.7 | T T T T l T T T T T T T T T T T T I T T T T | T T T T i
L fr average i
- fr HPQCD 13 88— -
0.6 ¢ fr FNAL/MILC 16 —@— ]
T :
0.5 [ E ® -
04 [ .
03 [ H
02 | -
01 : 1 ! 1 I | ] ! 1 1 | 1 ] ! 1 | 1 ] ! 1 | ! 1 | ! | ! 1 ] ! :
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
z(qzatopt)

fB—)K(q2)

0.0

3.0

2.5

2.0

1.0

0.5

0.0

FLAG2021

T T T T | I I I I T I I T I I
- fo average i
B f+ average
L f+ HPQCD 13 = -
- f+ FNAL/MILC 16 e ]
i fo HPQCD 13 8- ]
- fo FNAL/MILC 16 e ]
- | ]
3 z
i g ° 1
i 1 1 1 1 l 1 1 1 1 | 1 1 1 | 1 l 1 I—
0 5 10 15 20

¢* [GeV?]

FLAG2021

T T T T l T T T T T I T T T 1
- fr average
B fr HPQCD 13 &
| fr FNAL/MILC 16 +Ho—
i [ ] i
i ] ]
i [] i
i 1 1 1 1 l 1 1 1 1 | 1 1 1 | 1 l 1 I:
0 5 10 15 20



1 n y
@)= i St [ - a2
Py(¢?) &= N
b z(q2)= vt+—q2—vt+—t0
| - Vis =@+t —to
fO(qz) — CLO P
Po(q?) nZ:% .
Pole factors:
Pi(¢®) =1—¢*/M? Numerical coefficients to be
determined non-perturbatively.
ad af aj ag a) al a¥ al

0.4742(62) —0.894(51) —0.44(14) 0.2939(36) 0.277(40) 0.4752(92) —0.921(82) —0.53(35)

1 —-0.2904 —-0.0347  0.7480 0.1844 0.6558 —-0.2193 —-0.0751
1 0.7757 0.2291 0.8527  —0.2569 0.5371 0.2574
1 0.1690 0.8455 —0.1029 0.3700 0.2653
1 0.4568 0.5232 0.0314 0.0257
1 0.0182 0.4501 0.2372
1 —0.0255 —0.0535
1 0.6920
1

TABLE VI. Values of the z-expansion coefficients and correlation matrix obtained by our combined fit to the B — K form
factors computed by HPQCD [27] and FNAL/MILC [28] (with x2,,/d.o.f ~ 9.2/10). We consider the parameterization from
Eq. (A2)-(A4) with N = 3, and we remove the a3 coefficient by imposing the relation f+(0) = fo(0). The covariance matrix is
provided with more digits in an ancillary file. See text for more details.



¢°-bin [GeV?]|| B(BT — KTvp) x 10° 0B, [Bk+ B(B° — Ksvv) x 10° 0By [ BKs
[0, 4] (1.206 + 0.055 + 0.066) 0.07 (0.490 + 0.026 + 0.030) 0.08
4, 8] (1.161 £ 0.039 + 0.064) 0.06 (0.477 £ 0.018 £ 0.029) 0.07
8,12]  ||(1.064 +0.027 +0.059)|  0.06  ||(0.439 +0.013 +0.027)|  0.07
[12,16]  ||(0.889 +0.020 +0.049)|  0.06  ||(0.365 +0.009 +0.022)|  0.07
16, ¢2%.,] |(0.744 +0.017 £ 0.039)|  0.06  |[(0.282 +0.008 +0.017)|  0.07
| 0.gh] || (0620142028 | 006 | (205£007£012) | 007
¢*-bin [GeV?]||B(B* — K*Tvi) x 10° OB, .t [ Br=+ B(B° - K*°vi) x 10° OB, .0/ Br=o0
[0, 4] (1.77 4 0.20 =+ 0.09) 0.12 (1.38 4 0.18 =+ 0.08) 0.15
4, 8] (2.25 +0.23 £ 0.12) 0.10 (1.85+0.22 £ 0.11) 0.13
8,12] (2.63 + 0.30 + 0.15) 0.13 (2.23 4+ 0.28 + 0.14) 0.14
12, 16] (2.71 4 0.39 + 0.15) 0.15 (2.32 4 0.37 + 0.14) 0.17
16, g2, ] (1.50 + 0.30 + 0.09) 0.21 (1.27 4 0.29 =+ 0.08) 0.23
0% || (1086+130+059) | 012 || (005+125+055) | 015 |




Ne=2+141

N¢=2+1

Nf=2

fs.\ Bg,
™ FLAG average for Nr=2+1+ 1
1 HPQCD 19A ™
- FLAG average for Ny=2+1 -
- FNAL/MILC 16 -
[— RBC/UKQCD 14A
+—{F+—  FNAL/MILC 11 A —
I HPQCD 09 CoH—
HPQCD 06A |——[|]—<
- FLAG average N¢=2 -
- ETM 13B LHEH-
180 220 260 220 260 300 Mel

Nf=2—|—1:

fB.\/ BB, = 225(9) MeV

A

Bp, = 1.30(10)
¢ = 1.206(17)

Nfy=2+1+1:

fBs\/ By, = 210.6(5.5) MeV
Bp, = 1.222(61)
¢ = 1.216(16)

fB.\/ Bp, = 274(8) MeV

Bp. =1.35(6)
Bg./Bp, = 1.032(38)

fB.\/ Bp, = 256.1(5.7) MeV
Bp, = 1.232(53)
Bgs./Bg, = 1.008(25)



Py o(q*) fr0(q)

[Becirevic, Piazza, OS. 2301.06990]

: —— f4 Our Fit —— JfrOw Fit

I ) P FLAG 21
06 fo Our Fit / 0.6 fr

IR f+ FLAG ‘21 M "= fr HPQCD ‘22

fo FLAG 21 7 "« fp MILC ‘16

0.4+

Pr(¢) fr(q

0.3+

02 T T T T [ TR SR TR SR AT SR ST SN SR NN SR SO S SR NN SR S 0.2 6//|/ PR T T N SN NN ST SR ENT SN SO TN TR N SO T SO SR NN N WA
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