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Introduction

Flavor Physics Origin of neutrino masses?
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ZLvukawa @Nd Need to be extracted from experiment

Fermion masses span ~ 5 orders Why Is the quark mixing so
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Introduction

Indirect searches for New Physics

We can look for rare/forbidden processes in the SM which would be sensitive to BSM physics effects
Deviation with

| @exp = @SM<1+
(' respect to the SM

Need to be very precise! prediction
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Introduction

Indirect searches for New Physics

We can look for rare/forbidden processes in the SM which would be sensitive to BSM physics effects
Deviation with

| @exp = @SM<1+
(' respect to the SM

Need to be very precise! prediction

Flavour Changing Neutral Current (FCNC) processes are good probes of New Physics as they
are loop and GIM suppressed in the SM

Rare B-meson decays‘

Advantage of B — K®uw over the channel with charged Ieptons

Hadronic uncertainties might hinder their precise determination:

b — svvis theoretically cleaner than b — suu, not affected by cc-loops |



B — KYuu in the Standard Model

@exp — @SM ( 1_|_5NP)



Effective lagrangian

b — sUU

Effective description in the SM

See e.g. A. Buras et al., 1409.4557
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Effective lagrangian

b — sUU

Effective description in the SM

62

(47) <§Ly”bL) (’7 7 (= 7’5)1/1')

SM _ NLO QCD & 2-loop
CL = —6.32(7) EW corrections
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Effective lagrangian

b — sUU

Effective description in the SM
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Sources of uncertainty

CKM matrix element determination
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Sources of uncertainty

CKM matrix element determination

Fhosw = 4GF@Z CO, +h.c.

A=V, Vi

CKM unitarity] | 4,| ~ [V, | (1 + 6(22))

J Inclusive vs exclusivel

414+08, B — ch ]/ HFLAV, arXiv:2206.07501

‘/lt‘ X 103 — 393 =+ 1(), B — Dflj' FLAG, arXiv:2111.09849

37.8+0.7, B— DY¢p

HFLAV, arXiv:2206.07501



Sources of uncertainty

Form factor determination
CKM determination

LTI = \/EF ' Ca@_l_ h.c. KM unitarity || 4,| ~ [Vip| (1 + O(42))
/ | Inclusive vs exclusive?l
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Sources of uncertainty

Form factor determination

CKM determination

CKM unitarity || A, | ~ [V, | (1 + O(1?))
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l Lorentz structurel
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Sources of uncertainty

Form factor determination
CKM determination

LTI = \/EF ' Ca@_l_ h.c. KM unitarity || 4,| ~ [V, | (1 + O(4?))
/ | Inclusive vs exclusive?l
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l Lorentz structurel
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Sources of uncertainty

Form factor determination

CKM determination

CKM unitarity || A, | ~ [V, | (1 + O(1?))
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Form factor determination
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Form factors
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Form factors

B - Kuvv
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Form factors

B - Kuvv
FIlI_IAI\DL(?I\C/II:I)_,Ce}r;(&:ieao57d;.204662835 Only FF entering
Lattice determinations of the form factors (FF) / ;%j (B — Kuvp) '
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Form factors
B —» K*up

Several FF enter into the decay rate, determined through the combination of one LQCD result & LCSR

2 R. R. Horgan et al., arXiv:1310.3722
) V(q ) A. Bharucha, D. M. Straub & R. Zwicky, arXiv:1503.05534

— ie¥(mg + myg)A (g7

(K*(k) | 57", | B(D)) = €,,,,6 "D'k°

Mg + M g
. A (qz) . 2 M
+i(p + k), (e* - q) m32+ - +iq, (% - q) qf [A5(g7) — Ay(g?)



Form factors
B —» K*up

Several FF enter into the decay rate, determined through the combination of one LQCD result & LCSR
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Form factors

B — K*uv

Several FF enter into the decay rate, determined through the combination of one LQCD result & LCSR
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Final prediction

B (B* > K*vi) =(9.8+1.4)x 107°

*Only loop
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Summary
B - KYvp in the SM

Two main sources of uncertaintyl

Form factor determination CKM determination

<K(*) |5, 7#b, | B) = Z Kl,” F%i(qz) CKM unitarity || A, | ~ |V, | (1 + O(1?))

W ; |
+ h Form factorsILattice QCD, LCSR...) [Inclusive vs exclusive?l

——— e e = - SRS —— — — ——

——— = —_ — = - = = = = =

Expected BR in the SM using exclusive B — D¢v
decays and avallable FF determinations as inputs

B (B* > K*vv)| = (444%0.30)%x107°
y | SM

B (B* > K*wvp)| =(9.8%£14)x107°
* SM
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Belle-ll experiment

Belle-1l (SuperKEKB) is an e e collider operating at \/E ~ My 45)

BELLE-II Collaboration, arXiv:2311.14647

Ta?gmdg Hadronic Inclusive
metnoas
Signal: Bt - K*wu
Efficiency 0.5% 8 %
Backgrounds Small Large




Belle-ll experiment

Belle-1l (SuperKEKB) is an e e collider operating at \/E ~ My 45)

BELLE-II Collaboration, arXiv:2311.14647
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Belle-ll experiment

BELLE-II Collaboration, arXiv:2311.14647
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Belle-ll experiment

Belle-1l (SuperKEKB) is an e e collider operating at \/E ~ My 45)

BELLE-II Collaboration, arXiv:2311.14647
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Implications of B — Kvv for BSM

« SMEFT
* Light new physics
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BSM contributions

Low-energy EFT with SM neutrinos

Including BSM contributions we can write (w/o Np)

gb—ww _ F/l @I/ﬂ/j_l_ )
\/5 I;j ( g L

Vl;  ~SM VU; vy VU;
C/* = CMS+5C" CM = 5C

R. Bause, G. Hisbert & G. Hiller,
arXiv:2309.00075
P. Athron, R. Martinez & C. Sierra,
arXiv:2308. 13426
L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246
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Low-energy EFT with SM neutrinos

Including BSM contributions we can write (w/o Np)
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arXiv:2308. 13426
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SRA & O. Sumensari, arXiv:2309.02246
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BSM contributions

Low-energy EFT with SM neutrinos

Including BSM contributions we can write (w/o Np)

b I/ U UL L. R. Bause, G. Hisbert & G. Hiller,
— arXiv:2309.00075
g SUY — l l ]@ l ]+ C l J@ ) + h .C. P. Athron, R. Martinez & C. Sierra,
arXiv:2308. 13426
L. Allwicher, D. Becirevic, G. Piazza,

SRA & O. Sumensari, arXiv:2309.02246

B (B— KOvi) =% (B—>KWwi)| (1+6%Bge)

M All BSM
SM UL "y W__ contributions are
OB k) = Z 2Re[CP(0C ™ + oCR™)] contained here
K =
l 3| CM |7
. Z |6C Y + 6C|° @Z Re[6CR(CPMS; + 8C,)
= 3|cMPP Y - 3| CM |2

D. Becirevic, G. Piazza & O. Sumensari,
arXiv:2301.06990
L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246
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B —» KYvp with heavy NP

Correlations between B —» Kvv and B — K*vp

. VU;
Assuming 5CL(1€)

40 +—

O v
- O

DO
O
!

B(B — K*vv) x 10
ST

p—d
-
]

Ot
!

-

0 5 10

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246
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B —» KUup with heavy NP

Correlations between B —» Kvv and B — K*vp

. vy, )
One can find a lower bound for the validity of the EFT LAssumlng 6CL(R) = 0C1 (R0
40
B (B - K*uv) S B (B - Kuv) | 77‘[5* -
B (B —> K*vD)o\, B (B = Kub)gy, 4

o
-

DO
O
!

Belle 11

B(B — K*vv) x 10
ST

p—
-
]

0 5 10 15 20 25 30 35 40

= 6
L. Allwicher, D. Becirevic, G. Piazza, B(B— Kvv) x 10
SRA & O. Sumensari, arXiv:2309.02246



B —» KYvp with heavy NP
Correlations between B - Kviv and B — K¥up

Assuming 6C, 1 = 6Cpp\6;,

One can find a lower bound for the validity of the EFT _ L(R)
40

B (B - K*uv) S B (B - Kui) 1 7]‘[/(* .
KRB (B — K*I/D)SM - BB - KI/D)SM 1 )
Belle bounds & (B — K*uip) < 2.7 x 107, ~ T
constraining a solution only in terms of 0C; ; -
* - ** R - T 15 - Belle 11
=2
<10 - "
5 - SM /
0 (EFD

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

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



B —» KYup with heavy NP

Correlations between B — Kviv and B — K*up

VU;
CL(Ié)

Assuming O

One can find a lower bound for the validity of the EFT = 0C R0y

14—
% (B — K*ub) s % (B - Kub) | e .
FE = BDon BB = KDy
Belle bounds % (B —» K*uib) < 2.7 X 107>, 08"
constraining a solution only in terms of 0C; = 06- Belle TI
0.4 1
Look for the fraction of longitudinally polarized K*, F; 02 FCLJ]
0CR
F TS 0 5 2 % 30/ 35 4o
R = L _ _ B(B — Kvv) x 10°
FL ™ psMm Depletion with

L respect to the SM

L. Allwicher, D. Becirevic, G. Piazza, '
SRA & O. Sumensari, arXiv:2309.02246 | expeCtath)n



Implications of B — Kvv for BSM

* Light new physics
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B — K©ui in the SMEFT

Four fermion operators”

If the NP contribution is heavy enough, A > v, we can work in the SMEFT

1 _ _ _ _
‘C(Sfls\ZIEFT » A2 { (Cl(ql) + Cz((?))ij (SL’Y”bL)(eLi’YueLj) + (Cz(ql) — Cz(j)) y (SL’Y“bL)(VLi’YMVLj)

LY

+2V,, [c§q>] iy (€Lybr) (ELivuvy)+ [Ciali; BrY"bR) (Frivaves) + Erivuer;)] + h.c.}

:@(ng)z_ = (Ly"L;) (O, Q) [@(Lz]lﬂd (Lir'e'Ly) (Qwr, 7' Q) 014 . = (Ly"L;) (dy,4))

177kl

* Operators with Higgs
SRA & O. Surensari, arxw2309. 05546 severely constrained!



B — K©ui in the SMEFT

Four fermion operators

If the NP contribution is heavy enough, A > v, we can work in the SMEFT

1 _ _ _ _
‘Cgls\ZIEFT » F{ (Cl(ql) + Cz(s))ij (SL’Y“bL)(eLi’YueLj) + (Cz(ql) — Cl(;)) y (SL’Y“bL)(VLz"YuVLj)

LY

+2 Vs [Cz(j )] (eL"br)(ELivuvej)t+ [Cal;; (SrY"OR) [(Privuves) + (ELivuer;)] + h-C-}
ij

Correlations between b — svv, and

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



B — K©ui in the SMEFT

Four fermion operators

If the NP contribution is heavy enough, A > v, we can work in the SMEFT

1 N N _ _
TSy —— p{ (Cz(; '+ ))ij (3."br)(ELivuers) + (Cl(ql - )) . (SLy*bL) WLivuve;)

LY

+2 Vs [CS’ )] (eL"br)(ELivuvej)t+ [Cal;; (SrY"OR) [(Privuves) + (ELivuer;)] + h-C-}
ij

Correlations between b — svv, and

Matching to the low-energy NP couplings

ViV, T v (1) (3) Vil n v
o0 = W {[Clq ]z’j B [Clq ]z]} o0CR 7 = oAy A2 [Cld] i

2

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



B — K©ui in the SMEFT

Correlations between observables

If the NP contribution is heavy enough, A > v, we can work in the SMEFT

LY

1 _ _ _ _
LsverT O A—{ (Ci? +¢i7), (e be)(erimers) + (€l =€) (519#br)rivavs)

+2V., [clf)]  (@"br) (Eravuviy)+ [Cudly; BrY*BR) (Frivaves) + Eriveers)] + h.c.}
iJ

e

« Coupling to muons are tightly constrained by 98 (BS — //t//t) and RK(*%

* Coupling to taus allowed, predicting V
KB (BS — TT) KB (B — K(*)TT)
% (BS — TT) M R (B — K(*)TT) M

~ 10

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



Examples for concrete models

« 7' coupled to RH quarks
L7 D Gy (Sx1"br) Z, + 8. (Lay"Ls) Z,

BY — BY mixing constrain | g, |/m, <2 x 1077 TeV~!

Cannot fit data with perturbative gn‘

Pr, D ) (CZRZRziszj> th.c.

. Rz leptoquark

Upper bound 11, ) < 3TeV

Difficult to accommodate such a large excess, but possible

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



Implications of B — Kvv for BSM

 LEFT
« SMEFT

@exp — @SM(I_l"éNP]



oK — =
B - KYvp in the tYSMEFT
Include a light RH neutrino field ‘S;Itxé gwﬁlissgsécﬂgcnh%tn?:rtn i

_ _ _ _ - N 1~
gYukawa — = QYdeR — QYMHMR — LYL”HeR+LYyHNR 1 ENC

R+h.C.

Relation between flavor
and mass eigenstates




oK — =
B - KYvp in the tYSMEFT
Include a light RH neutrino field ‘S;I% gmﬁlis;gsécﬂgcnh%tnsisertn i

L Sukawa = = Q¥gHg = O, Hutg — LY Heyt LY FANg + —NyMNpth ..

E. Fernandez-Martinez et al., arXiv:2304.06772

Relation between flavor
and mass eigenstates

E?

\
|

“The heavy neutrino could be i(
| ] * \
N produced in B. — K" uw “

N\

DELPHI

AN

lllll | 1 lllllll 1 1 ll\l\\llll 1 1 llllll 1 1 L1 1 1 11
102 10~ 10° 10! 10?2

m,, (GeV)

Need to include /Vj, in the EFT description!




B — K©ui in the YSMEFT

Include a light RH neutrino field

Many more contributions when having a light RH neutrino o aXiv 280002940

L. Leal & SRA, work in progress
1 4

R e R e M v werormmomy ey
\ - ) . é
+ [Congdl; (3Lbr) (PLilNR) — Ves [CLnga), (€Lbr) (CLiNR) Correlation between SV and

+ :CLNQdT]Z' (gLO'“VbR) (DLiU,LLuNR) — Vcs [CLNQdT]i ((_ZLO"LWbR) (ZLiaWNR) + h.c}

In the LEFT we find additional operators

4G
Fhosww = L3N CO. +h.c.
ie

Also difterent kinematics when tinal state neutrino is massive — m,, #* 0



B — K©ui in the YSMEFT

Include a light RH neutrino field

Many more contributions when having a light RH neutrino o aXiv 280002940

L. Leal & SRA, work in progress
1 4

" Comelation between b — s and ) ]
\ - ) . é
+ [Cengdl; (3.br) (PLilNR) — Ves [CLnga), (€Lbr) (€LiNR) | Correlation between SV and

+ :CLNQdT]Z' (gLU“VbR) (DLiUuuNR) — Vcs [CLNQdT]Z- ((_ZLO"LWbR) (ZL’L'U,LLI/NR) + h.C}

Going from the vSMEFT to the LEFT with massive neutrinos

Z 1(/6S)MEFT ~ ——Ca (ELyﬂbL) (NR?’M(l T VS)NR)

1
PO~ — UsiCnaUs; <§L7MbL) (7ArH(1 + 75)”]')




B — K©ui in the YSMEFT

Include a light RH neutrino field

Many more contributions when having a light RH neutrino o aXiv 280002940

L. Leal & SRA, work in progress
1 4

GG b v Corlaton botween b — suuand ]
\ . . . ﬁ
+[Conqal; (52br) (PLiNR) — Ves [CLNnQal; (€LbR) (LLiNR) | Correlation between SvU and

+ [Congar); (8L0""bR) (VLiouwNR) — Ves [CLngar); (€Lo* br) (Lriouw Nr) + h.c}

Going from the YSMEFTNeglect active-heavy mixing!




*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

% (B - K*uD) S B (B - Kuvp)
BB —> K*vD)o\, B (B = Kub)gy,

(1

K>X<
Hy

4

)

B(B — K*up) x 10°
DO
-]

Belle 11

20 25 30 35
B(B — Kvv) x 10°



*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

BB—Kw) BBk (- nf
B (B — K*ub)g, B (B = Kub)gy, 4

Neglecting active-heavy neutrino mixing

Vector operators

Belle 11

B(B — K*vv) x 10°
DO
S

10 - ¢

SM

| }I;L ’/f’”f’“‘ %FT)

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




*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

‘Neglectlng active-heavy neutrino mixing

BB—Kw) BBk (- nf
B (B — K*ub)g, B (B = Kub)gy, 4

S
X 95 -
N Vector operators
Having m,, # 0 suppresses A (B — K*vv) £ 2
0 Belle 11
o 15
= 10 A ¢
SM
5 - /
0 | e /}d/eﬂ//EFT
0 5 10

B—)KVV ><1O6



*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

BB—Kw) BBk (- nf

‘Neglecting active-heavy neutrino mixing

BB —> K*vD)o\, B (B = Kub)gy, 4

=

X 95 -

N Tensor operator

*A
Only for m,, =~ (mg — mg:) the o 20 o
tensor operator is not ruled out QZ - o

2]\ /

SM
5 - /
0 5 40

B—)KVV ><1O6



*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

BB—Kw) BBk (- nf
B (B — K*ub)g, B (B = Kub)gy, 4

Neglecting active-heavy neutrino mixing

One could however break this
relation with scalar operators

Scalar operator

B(B — K*vv) x 10°
DO N
S &

SM

| }I;L ’/f’”f’“‘ %FT)

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




*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

‘Neglecting active-heavy neutrino mixing

BB—Kw) BBk (- nf
B (B — K*ub)g, B (B = Kub)gy, 4

One could however break this
relation with scalar operators

Scalar operator
Only realized when

B(B — K*vv) x 10°
DO
-

15 -
B (B — Kuvv)
> 11.4(5) TR
:@ (B — KI/I/)SM - SM /
et —"" 0 AR ‘M/}dﬁﬂ/@”

0 H 40
B—)KVV ><1O6



*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

For vector and tensor operators with (massless)
RH neutrinos the EFT bound still applies

BB—Kw) BBk (- nf

‘Neglecting active-heavy neutrino mixing

BB —> K*vD)o\, B (B = Kub)gy, 4

One could however break this
relation with scalar operators

Scalar operator

B(B — K*vv) x 10°
DO
-

[Cengal; (52br) (PLilNR) — Vs [CLngal, (€LbR) (£1:NR)

10 - ¢
j Effect of non-zero U, ’?l mlmpaCt on R(*)l 5] & /
| /}d/eﬂ/@FT

0 H 40
B—)KVV ><1O6




*K — =
B - KUvv in the tSMEFT
Can we tell apart between SMEFT and :SMEFT?

1.6 (o = Neglecting active-heavy neutrino mixing
My, = e =~ - )
1.4 1 40 -
. ml/4 — 60
SMEFT| 1%
1.2- —  [0C
SM N OLNQd
1.0 1 ¢ | o
S 0.8 x
B
*A
0.6 1 < 20
0.4 1 ; 15 -
0.2 - 0CR] / 10 - '
OLNQd 1 l
0.0 . !& D ——
0 D , 20 20 30 39 40 - — A A A G
N whw ed | Bib P
B(B — Kvv) x 10° 0 ,I/:) / % ,

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



Light mediators?

Effect of a light vector mediator

W. Altmannshofer et al., arXiv:2311.14629

The excess is compatible with B — KX( — vv) with X produced on-shell

Resonance in the g*-distribution at g* =~ m)% Best fit: my ~ 2 GeV
200*7 | B — continm o 1.0
charged BB —— Best fit — _
+ = croged et BB - KX)=(51%£2.1) x 1076
B SMBY ->Ktwy +1 [ — : —
150 + — Gaussion esonancs 0.8 0 Significance of 2.4¢
L 125 % //\\\
c + 06 / A
3 100 m e Vi e
O = \\\ // \
m | e T \
75 X 0.4} ‘\ |
LN \
1 o ! ]
>0 — S~ Dedicated searches could
25 0.2 - \test this hypothesis! )
N s ‘I *
0.0 - ' ' e
0.0 0.5 1.0 1.5 2.0 2.5 3.0




Summary and outlook



Conclusions

% (Bi = Kiwj) M = (4.44£0.30)x 107° ‘Theoretically cleaner than 5 — K(*),u,ul

Two main uncertainties from the theory side:

« CKM matrix element determination: Inclusive vs exclusive V., Can change prediction by @(10%)‘
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Conclusions

& (Bi = Kimj) SM = (4.44 £ 0.30) X 10~° ‘Theoretically cleaner than B — K(*)lulul

Two main uncertainties from the theory side:

» CKM matrix element determination: Inclusive vs exclusive V, Can n change prediction by O0(10%) ‘
~ |B— Kww |Error OG%) Eventually need to match the
* Form tactor determination: expected senS|t|V|ty by Belle-lI
| B > K*up hError O(15%) \

% (B - K*ui) = (23+0.7)x 107
-~ 1Belle—II

o = z Z ”l”f@”l”e-@ +h .0

Contributions from only Cz"yf Contributions from only C;"Vj can explain
are tightly constrained by Belle B — Kuvu, correlated with 38 (B — K*vv) and F;




Conclusions
SMEFT USMEFT

 Couplings to u constrained by B, — uu * Scalar and tensor operators also contribute

o couplings allowed in : * One can always suppress the NP effect on
B — K*wv withm, ~ (mg— mygs)

KB (BS — TT)BS
P (BS — TT) M

M~ 10




Conclusions

SMEFT USMEFT
 Couplings to u constrained by B, — uu

e Scalar and tensor operators also contribute

. couplings allowed in : ‘
B (B, — 11 L0
(B, = 77) s (0
~ 10 | 4 - 2309.02940
P (BS — TT)
SM 1.2 1
Is it possible to tell them apart? 1 0- Si.
e T
e Measurement of F; 5 0.8-
Belle 11
. Bs — L 0.6 -
o A2 _Aictrilg it 0.4-
g “-distribution of events 5C,]
. . . : 5C'y
» High-p; tails? Constraints on sca "~ [omigd
0.0 - - - . . . .
« Complementary processes: BY - 0 5 10 15 20 25 30 35 40

Y. Amhis et al., arxiv-2309.1348 — Kvv) x 10°



Conclusions

SMEFT USMEFT

 Couplings to u constrained by B, — uu * Scalar and tensor operators also contribute

o couplings allowed in * One can always suppress the NP effect on
% - ~ _
P ( B TT) B - K*wv withm, ~ (mg — my:)
\)
BSM 10 | g X107 T. Felkd et al,, arXiv:2309.02940
KRB (BS — TT) M —
> 0.8
Is it possible to tell them apart? V=
« Measurement of F; T 04
S
° BS — UL/ % 0.2
0.0

. qz—distribution of events

» High-ptails? Constraints on scalar operators

. Complementary processes: B — Kav, A, - Awv

Y. Amhis et al., arXiv:2309.11353



Conclusions

SMEFT USMEFT

 Couplings to u constrained by B, — uu * Scalar and tensor operators also contribute

* One can always suppress the NP effect on
B — K*vv withm, ~ (mg— my:)

NP couplings allowed in 7 leptons:

B (BS — TT)BSM
KRB (BS — TT) M

~ 10 T. Felkl et al,, arXiv:2309.02940

Is it possible to tell them apart?

e M tof I 1T
easurement of ' Many opportunities to learn about

(B)SM physics in the near future!

« B, — v?

. qz—distribution of events

» High-ptails? Constraints on scalar operators

. Complementary processes: B — Kav, Ny — Avv

Y. Amhis et al., arXiv:2309.11353



Conclusions

SMEFT USMEFT

 Couplings to u constrained by B, — uu * Scalar and tensor operators also contribute

* One can always suppress the NP effect on
B — K*vv withm, ~ (mg— my:)

NP couplings allowed in 7 leptons:

B (BS — TT)BSM
KRB (BS — TT) M

~ 10 T. Felkl et al,, arXiv:2309.02940

Is it possible to tell them apart?

e M tof I 1T
easurement of ' Many opportunities to learn about

(B)SM physics in the near future!

« B, — v?

. qz—distribution of events

» High-ptails? Constraints on scalar operators

. Complementary processes: B — Kav, Ny — Avv

Y. Amhis et al., arXiv:2309.11353

Thank you!
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Tree-level contribution

B¥ - KFO)p

J. F. Kamenik & C.Smith, arXiv:0908.1174
Charged meson decay modes have a tree-level

contribution from the annihilation to an intermediate ©

T8

“mB > n, > mK(*)l



Tree-level contribution

+ +(¥), -
B — K UU J. F. Kamenik & C.Smith, arXiv:0908.1174
Charged meson decay modes have a tree-level

V 3 contribution from the annihilation to an intermediate ©

Using the narrow width approximation

T8

‘ Mg > ., > mK(*)l

— K(*)"I/ﬂ) ~ A (B“ — T"I/) Kk (T — KO+

Ny



Tree-level contribution

+ +(¥), -
B — K UU J. F. Kamenik & C.Smith, arXiv:0908.1174
Charged meson decay modes have a tree-level

V 3 contribution from the annihilation to an intermediate ©

Using the narrow width approximation
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Tree-level contribution

+ +(¥), -
B — K UU J. F. Kamenik & C.Smith, arXiv:0908.1174
Charged meson decay modes have a tree-level

V 3 contribution from the annihilation to an intermediate ©

Using the narrow width approximation

— K(*)"I/ﬂ) ~ A (B“ — T"v) Kk (T — KO+

Ny
N—"

=

‘ Mg > ., > mK(*)l

Z(B - KOup
( ) Non negligible
contribution!

e ~ 14 % (11%)

)

B (B — KO\up

00p

Belle-ll can in principle disentangle these two contributions




Reduction of uncertainties

Ratio between low and high-g° regions

D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio

B ( B — K(*)I/D> ,
low—gq Test of the extrapolated

| attice QCD form factors

r low/high =

B (B = KOE)

igh—g?
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D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio
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low—g?

B (B = KOE)

Test of the extrapolated
Lattice QCD form factors

r low/high =

igh—g?

Independent of FF normalization and NP contributions (w/o /Vp)




Reduction of uncertainties

Ratio between low and high-g° regions

D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio

RB (B — K(*)I/D)

low—g?

B (B = KOE)

Test of the extrapolated
Lattice QCD form factors

r low/high =

igh—g?

Independent of FF normalization and NP contributions (w/o /Vp)

Take bins (0, g2../2) and (g2, /2, g>...):

Using previous FLAG average



Reduction of uncertainties
Combination with B - K"y

(45, q7] =

Kk (B —> K(*)I/D)

B (B — KM¢Y)

D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio

[Q()Q]

Partial branching fractions
integrated in the same q2 range



Reduction of uncertainties
Combination with B - K"y

D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio

(™) 75
@(u/f)[ q2 21 — % (B - K yy) Partial branching fractions

B (B — K(*)ff) integrated in the same g~ range
L9511

FF uncertainties significantly reduced if q2 > mL%

Choosing the qz region away from cc-resonances, [qg, qlz] — [1.1,6] GeV?



Reduction of uncertainties
Combination with B - K"y

D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio

R 145 a7 =

K

FF uncertainties significantly reduced if q2 > m,

Choosing the q2 region away from cc-resonances, [qg,

Kk (B —> K(*)I/D)

B (B — KM¢Y)

2

Partial branching fractions

integrated in the same q2 range
[Q() qi ]

qi] — [1.1,6] GeV*

Using perturbative calculations for the cc-loops one finds

FYM[1.1,6] = 7.58 +0.04

S O0(1%) uncertainty‘

RYI[1.1,6] = 8.6 £0.3

< O0(5%) uncertainty‘



Reduction of uncertainties
Combination with B - K"y

D. Becirevic, G. Piazza & O. Sumensairi, arXiv:2301.06990

Binned information would allow one to study the following CKM-free ratio

&)y
‘%(IM)[%» 2] — # (B — R yy) Partial branching fractions

K® B (B — K(*)Lﬂf) 2. integrated in the same q2 range
% qi

FF uncertainties significantly reduced if q2 > mL%

Choosing the qz region away from cc-resonances, [qg, qlz] — [1.1,6] GeV?

But we can use this ratio to extract C9!|

1
RH1.1,6]

~ |7.5 - 0.45CsT + 0.42 - (C5T)°)
SM



Correlations between observables

Coupling to muons only

One canrelate B — Kvv with B, — uu

RB (B, — pp) = (3.35£0.27) x 10~

ATLAS, arXiv:1812.03017
LHCDb, arXiv:2108.09283
CMS,arXiv:2212.10311




Correlations between observables

Coupling to muons only

One canrelate B — Kvv with B, — uu

10
Gy
_ m [cY)] [Ca
RB (B, — pp) = (3.35£0.27) x 10~ ;- .
i - ATLAS, arXiv:1812.03017 @
2 LHCb, arXiv:2108.09283 =
6. — € < i 2 CMS,arXiv:2212.10311 < G-
10 = > (SLV L) ul's 3
(47) S
Belle 11
S
o LHC
2_
1= 2
0 — - 1 1 1 1 1
0 D 10 15 20 25 30 39 40

B(B — Kvv) x 10

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



Correlations between observables

Coupling to muons only

One canrelate B — Kvv with B, — uu

10

Cly'|
_ m [cY)] [Ca
RB (B, — pp) = (3.35£0.27) x 10~ - B
ATLAS, arXiv:1812.03017 2
2 LHCb, arXiv:2108.09283 =
0 € (_ up, f CMS,arXiv:2212.10311 < 6
— 5 ) X
t A- Belle 11
&
o LHC
2_
Note that one could also use o) = 2
Ry now as well as a constrain 20 25 30 35 40

B — Kup) x 109

BB — KOuu)
Ry = NP coupled to muons cannot explain Belle-lll
BB — KHee)

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



Correlations between observables

Coupling to tau leptons

Can we introduce NP to simultaneously
K
explain the Belle-Il result and Rl() )?

A (B - Db
,with?Z = e, u
{% (B — D(*)KE)HFLAV arXiv:2206.07501

X SM _
RIPIRY = 1.16 £ 0.05

Rp(*) —




Correlations between observables

Coupling to tau leptons

Can we introduce NP to simultaneously
K
explain the Belle-Il result and Rl() )?

% (B — DVri)

% (B — D™¢0)
X SM _

ROP/RM = 1.16 £ 0.05

BSM contributions to this process given by

,WIithZ = e, u

HFLAV, arXiv:2206.07501

Rp(*) —

0.89 -

0.80

Excluded by &% (B — K*

SM

Belle 11

5

10

15 20 25 30 35 40
B(B — Kvv) x 10°

L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



Correlations between observables

Coupling to tau leptons

Can we introduce NP to simultaneously
K
explain the Belle-Il result and Rl() )?

o 1.20
% (B - DY) N
RD(*) — (*) N Wlth f — 6, //t 1.15 5 [Cld]ss D( )/RD( )
‘gg (B — D f]/ )HFLAV arXiv:2206.07501 1.10 -
RpSIRSY = 1.16 % 0.05 - L0 —
100 —
Q:E Belle 11
In this region % (B — K*vr) is 095 -
ok and we expect for example 0.90 -
% (BS —> TT) 0.85 -
BSM
= 10 0.80 l l l : : : l
B (BS — TT) M 0 5 10 15 20 25 30 35 40

B(B — Kvv) x 10°
L. Allwicher, D. Becirevic, G. Piazza,
SRA & O. Sumensari, arXiv:2309.02246



