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Flavor physics

e (Gauge sector of the SM entirely fixed by symmetry:

= Only a handful of parameters.

= Theory renormalizable and verified at the loop level.

e Flavor sector loose:

= 13 free parameters (masses and quark mixing) — fixed by data.

~

Lyvuc = =Y Qudp; H — Y9 Quug; H—Y,” Lieg; H + h.c.

= These (many) parameters exhibit a hierarchical structure which we do not understand.
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What is the origin of flavor?

e Striking hierarchy of fermion masses [does not look accidental...]
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One of the roles of flavor physics is to unveil symmetries beyond those present in the SM.
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What is experiment telling us?

No direct evidence for New Physics in LHC data (presence of a mass gap?).

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: May 2020 £ dt = (3.2-139) fo? V5=8,13TeV
Model (,y Jetst ET™ [Ldt[fb™'] Limit Reference
ADD Gkk +g/q Oeu 1-4j Yes 361 |Mp 7.7 TeV ¥ n =2 1711.03301
ADD non-resonant yy 2y - - 36.7 Ms 86TeV & n=3HLZNLO 1707.04147
ADD QBH - 2j - 37.0 My, 89TeV %n=6 1703.09127
ADD BH high ¥ pr >lepu >2j - 3.2 M 8.2 TeV n=6, Mp = 3 TeV, rot BH 1606.02265
ADD BH multijet - >3j - 3.6 My, 9.55TeV & n =6, Mp =3 TeV, rot BH 1512.02586
RS1 Gkx — yy 2y - - 36.7 | Gkk mass 9 4.1 TeV  k/Mp, = 0.1 1707.04147
Bulk RS Gk —» WW/ZZ multi-channel 36.1 Ggk mass ' 2.3 TeV % k/Mp = 1.0 1808.02380
Bulk RS Gk — WV — fvqq 1epu 2j/1J  Yes 139 :  k/Mp; = 1.0 2004.14636
Bulk RS gk — tt ey >1b,>1J/2) Yes 36.1 8Kk Mass 3 3.8 TeV 'r/m=15% 1804.10823
2UED / RPP leu >2b>3j Yes 36.1 KK mass ¢ 1.8 TeV Tier (1,1), B(A0D - tt) =1 1803.09678
SSM Z’ — ¢t 2en - - 139 [ 1903.06248
SSMZ" - rr 271 - - 36.1 Z’ mass 2.42 TeV ] 1709.07242
Leptophobic Z’ — bb - 2b - 36.1 Z' mass 2.1 TeV 1805.09299
Leptophobic Z" — tt Oe,u >1b,>2J Yes 139 br/m=1.2% 2005.05138
SSM W’ — ¢y lenu - Yes 139 y 1906.05609
SSM W’ = v 1t - Yes 36.1 W’ mass 3.7 TeV " 1801.06992
HVT W - WZ - fvggmodel B 1e,pu 2j/1J Yes 139 1 3 TeV gy =3 2004.14636
HVT V' - WV — gqqgmodelB O e, u 2J - 139 gv =3 1906.08589
HVT V/ — WH/ZH model B multi-channel 31 |[Vmess £ 2.93 TeV gv =3 1712.06518
HVT W’ — WH model B Oeu >1b=>2J 139 gv =3 CERN-EP-2020-073
LRSM Wk — tb multi-channel 36.1 Wg mass 3.25 TeV . 1807.10473
LRSM Wg — uNg 2u 1J = 80 Wpg mass ; 5.0 Tev m(Ng) =0.5TeV, g, = gr 1904.12679
Cl qqqq - 2 - 370 |a ' 21.8TeV 7, 1703.09127
Clttqq 2e,u - - 139 'm CERN-EP-2020-066
Cl tttt >leu 21b21j Yes 361 |A 2.57 TeV | Cael = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mined 195 TeV & g4=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mimed .67 TeV g=1.0, m(y) = 1 GeV 1711.03301
VVyy EFT (Dirac DM) Oe,u 1J,<1)  Yes 3.2 M. 700 GeV 4 fm(,x) < 150 GeV 1608.02372
Scalarreson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my i 3.4TevV £y =04,1=02 m(y) =10 GeV 1812.09743
Scalar LQ 1% gen 12e >2j Yes 36.1 |LQmass 18 Tev gs=1 1902.00377
Scalar LQ 2™ gen 12u 22j Yes 361 |LQmass 56 TeV f5 =1 1902.00377
Scalar LQ 3" gen 27 2b - 36.1 | LQj mass 1.03 Te & B(LQs — br) =1 1902.08103
Scalar LQ 3" gen 0-1eu 2b Yes  36.1 LQé mass 970 GeV & £ B(LQ] — tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.3 \‘ eV SU(2) doublet 1808.02343
VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34TeV ¥ SU(2) doublet 1808.02343
VLQ T5/3Ts3|Ts;3 » Wt + X 2(SS)/>3eu>1b,>1j Yes 36.1 Ts/3 mass '64 TeV | B(Ts3 — Wt)=1, c(Ts3Wt)=1 1807.11883
VLQY - Wh+ X ey >1b,>1j Yes  36.1 Y mass %1.85 TeV g B(Y — Whb)=1, cr(Wh)=1 1812.07343
VLQ B - Hb+ X Oeu,2y >1b,>1j Yes 79.8 |Bmass 1.21 BV ¥ kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWq 1en 4]  Yes 203 |lOmESSeo0cEw ‘ ¢ 1509.04261
Excited quark ¢* — qg - 2j - 139 % only u* and d*, A = m(q") 1910.08447
Excited quark ¢* — qy 1y 1] - 36.7 q* mass 5.3 TeV Ronly u*and d*, A = m(q") 1709.10440
Excited quark b* — bg - 1b,1]j - 36.1 | b* mass 2.6 TeV g 1805.09299
Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 203 EA =1.6Tev 1411.2021
Type Il Seesaw 1eu >2j Yes 79.8 N° mass 560 GeV "] 4 ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2TeV & m(Wg) =4.1TeV, gL = gr 1809.11105
Higgs triplet H** — ¢¢ 234eu(SS) - - 36.1 H** mass 870 GeV ¥ DY production 1710.09748
Higgs triplet H** — (1 3eut - - 20.3 ¥ DY production, B(H;* — (1) =1 1411.2921
Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 @BV % DY production, |q| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV % DY production, |g| = 1gp, spin 1/2 1905.10130
ﬁ= 13 Tev L Y l L s Y A s L A
partial data 107!
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Indirect searches of New Physics

Search deviations w.r.t. SM predictions:

Oexp = Osm (1 + Onp)

P

Both exp. and theory must be precise!

e.g.,

= Complementary to the effort in the high-energy frontier!

Look for observables: NB. Processes forbidden by
e (Highly) sensitive to contributions from New Physics accidental symmetries are
very clean:
e Mildly sensitive to hadronic uncertainties — BNV. LNV and LFV

e Accessible in current and/or (near) future experiments.

= Rare B-meson decays are a good example!
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Flavor Changing Neutral Currents (FCNCs)

FCNCs are absent at tree-level in the SM — Jj.e., couplings of neutral SM bosons to

fermions are flavor diagonal.

e The only source of flavor violation in the SM is the CKM matrix:

Lo D = (Vexm),,; (ariv"de,) Wt +hee. ©
®

V2
v\ VekMm =
Voxkm = Uq];LUdL ' - @

e FCNC processes are loop- and CKM-suppressed:

b v
AF=1 W & B%K(*)VD
Uit S B — K"
W I.v = Rare processes
:
b \)\/ S

= Sensitive new physics probes!

AF = 2: w,c,t u,c,t AmBS ?é L
S e b
¢ Reminder: GIM mechanism
m2 m,%
M(b — stl) Z Vies Vi ¢ <m—2k) ~ Z Vies Vieb — »  Top-quark dominates!
k=u,c,t w k=u,c,t w

—

O. Sumensari p(x) = cte +x + 0(1'2)



EFT description

e B-physics depends on many different scales = EFT approach!

Smeet . T’\ The EFT expansion can be truncated
S\“'?)\ xg\m\ U(\\ to a given order in E/A.
+ v‘:‘& '
T4 Wy,
- T '\W'* E < A !
LEFT
SU(‘&\tvU(\\, Lepr = Lg=4 + Z Z O(d 1, D)
V h\‘n d>4 1 \ﬁ,—/
T light d.o.f
e Short- and long-distance contributions are factorized:
O/’: — Lle %Zl
e.g., M(B — K®vp) o< Y " Cylp) L (KW, | B)
short-distance contribution (perturbative) long-distance cont. (to be computed non-pert.)

o Low-energy coefficients can be precisely computed through matching + RGEs.
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FCNC B-meson decays

B — K®¢¢ -

- Sensitive to new physics effects.

v

- Experimentally clean (especially for ¢ = u). V

- Many observables (angular distribution).

v

- Theoretically challenging (non-factorizable x

contributions...)

8~ by

O. Sumensari

e B—> K9up :

- Sensitive to new physics effects. V

Exp. more challenging (missing energy).

- Fewer observables.

Theoretically cleaner! V

Sensitive to operators with t-leptons. V

= B~ kw

Ny
~N



SM description



SM description

e Effective Hamiltonian within the SM:

4G A ozem
£b—>sw/ L F t Z C SL’Y,u,bL (VLZ'VMVLZ) + h.c.

At = Vitht
e Short-distance contributions known’/good precision:

SM . 9 Including NLO QCD and two-loop EW contributions:
CL — _Xt/ S111 0W

= —6.32(7)

b MY e
7 + 4 J\'L\’\Nw
t 1 / T .
— —t— ——"V )
S o v

X, = 1.462(17)(2)

(<
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SM description

e Effective Hamiltonian within the SM:

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

At Vitht
e Short-distance contributions known’/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(*)|§L’y”bL|B

|
) :Z Fa(q2)

!

Form-factors (e.g., LQCD)

i) CKM matrix:

From CKM unitarity:
Vo Vil = [Vao| (1 + O(N?))

Which value to take (incl. vs. excl.)?

O. Sumensari




|. Form-factors: B —» Kvr

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

2 2 2

| 2
., Mp— My mpz — m

3 | , 2 | K 2
KEN#IBEN — (00 gy
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 =
0.6 __ fo Our Fit /i %
M----- f+ FLAG ‘21 S
—————— fo FLAG ‘21 - =
: =
cg 0.5_—- f10 HPQCD ‘22 S 5
Nﬁ FOMICTS o N
= 04f &)
] 2
| il
0.3- < v
4 r 0.2 i—\\ §§§§§§ O'dB/dB —— Our Fit
0.15 R
Oli— —————————————————— Flag 21
005?\1'\ “““““ [TTmmmmee e fo————— o
0.2l | L ! | S T == —
0 5 10 15 20 0 5) 10 15 20
Pole factor: q2 [Ge\/2] q2 [Ge\/Q]

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

included below (see next slides)!

o : [flavio]

w
FNAL’16, LCSR \\

° i [FLAG] .

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

HPQCD '13

. , [1606.00916]
FNAL’16

—e—i [22()7.712468}

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)®™ /| \|* = {
[Becirevic, Piazza, 0S. 2301.06990]

O. Sumensari 10



I. FOrm-faCtOrS: B —> KI/D *Annihilation contributions not

included below (see next slides)!

o : [flavio]

FNAL’16, LCSR

FNAL’16, HPQCD ’13

HPQCD '13

Form-factor uncertainties are known to
O0(1%) level. Are these results robust?

—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

b, 2.5 3. 3.5 4.

/' B(B* — KTwi)™M /|\,[2

(1.33 £0.04) g x 1073

B(B — Kvn)®M/|\|? =
( )7 {(2.87:|:0.10)K+><10‘3

[Becirevic, Piazza, 0S. 2301.06990]

O. Sumensari 10



[Intermezzo]: Cross-check of f27%(g%)

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 = Kv)iow—g2
Tlow /high = B(B — KVD)high—q2

= 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 £ 0.06 Tlow /high = 2-10 = 0.26

O. Sumensari 11



|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?)
As(q?)
mp + Mk~

[A3(q®) — Ao(q?)] ,

+i(p+k)u(e* - q)
2mK*
7

+ iqM(e* ’ Q)
e We use LCSR (+LQCD) results from

(5.9 4+ 0.8) g0 x 1073

B(B — K*vo)™M /| \|? =
( )7 {(6.4350.9)K*+><10-3

[ ~ 15 % uncertainty]

= Relatively small uncertainties, but are they accurate?

O. Sumensari
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II. Which CKM value?

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

e Alternative strategy: to use Amp, f_%SBBJ ik

,  [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.

O. Sumensari 13



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*+Vp>tree
=~ 0

~ 11
B(B+ — K"’Vﬂ))loop B(B"' — K*+VD))1OOP 7

Mg+ S My < Mp

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

Belle-11: These contributions are treated as a background thanks to the 7 lifetime

O. Sumensari
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Summary (circa '22)

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

10~4-
Decay Branching ratio ] — :\(; (90% CL)

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

B° — Ksvi | (2.0540.07+0.12) x 107° ' —
BT — K*tvi|(10.86 4 1.30 4 0.59) x 10~° 107" - - t [}
B® — K*%vw | (9.09 & 1.20 £ 0.55) x 10~° x

[Becirevic, Piazza, OS. 2301.06990] =
1079

B(BT — KTvp) B(B® - Kquv) B(BT — K*tvi) B(BT™ - K*%up)

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.

O. Sumensari



Belle-11 results



Belle-1l strategy

D

O

Belle I

o Belle-1l (SuperKEKB) is an asymmetric e"e™ collider operating at \/_ > My 4s) -

7
4

a _
B o e ete™ — T(4S) — BB

. / Brget

e Different tagging methods:

My (45s) ~ 10.579 GeV

mp+ = 1Mmpo =~ 5279 GeV

Hadronic Semileptonic Inclusive
Fully reconstructed (*) Seneral @hemmels
hadronic decay Bug = D g e "
Efficiency ~ 0.5 % ~2 % ~ 8 %
Background Small Large Large

O. Sumensari
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INEW] Belle-Il results

S A\*(‘il'ag(\,
.340.

0.497 +0.037

—— Belle II (362 fb™!, combined)

2.34+0.7 This analysis, preliminary

Belle IT (362 fb !, hadronic
1.1(: 1.(1 ThiE analysis, ?)1'1\151111&1;?5\' HOme ) Bel |e_| I resu |tS

—_—— Belle IT (362 fb!, inclusive)

2.740.7 This analysis, preliminary

o Belle II (63 fb!, inclusive) First Belle-1l result

1.9+1.5 PRL127, 181802

o Belle (711 fb!, semileptonic)

1.0+0.6 PRDY96, 091101

° Belle (711 fb!, hadronic)

294+1.6 PRDS87, 111103

0.2+0.8 PRDS82, 112002

: BaB 429 fb!, had i ..
S 1_511_:?rpr(m57_112()05’ & I'OIllC) ~ 30- above the SM pred|Ct|On
I 1 1 L I L L L I L 1 1 l 1

0 2 4 6 8 10
10°x Br(BT—K " wp)

>

|
i
: l
—iel— : BaBar (418 fb™!, semileptonic)
:
I
1

B(BT — K1vi)™P = [2.4 4 0.5(stat) )] (syst)] x 107°

e Only the incl. method shows an excess above background (and w.r.t. the SM predictions).
e The had. method is compatible with the SM (and with no observed signal).

o Semileptonic tagging (i.e., B, = XZv) could be a useful cross-check, as well as the

ag
measurement of B® — Kwi decays.

= More data is needed! Many possible cross-checks.

O. Sumensari
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What can we learn from B - KOup ?

e Remarks on B - K"vii/B — KOuu



[Intermezzo] Anomalies in B — K uu decays?

AG p
V2 A

£b—>8£€

CE (57" Pub) (Pr,8) + Cf6 (57" Pub) (Prunst) + .. | + hee.

o Angular B — K®uu observables show a preference for 5CS‘” <0:

1.00
1/—— ABCDMN
1| —— As/asss
0.754| —— CFFPSV (PMD)
1|— HMMN
1| * SM . .
0501 New physics effects or underestimated
025E hadronic uncertainties?
ax ]
z3
Q ]
0.00-
v & A
—0.25- - | :
: see e.g. Ciuchini et al’. '21 b .
~0.50- S A
Capdevilla talk at FPCP!'

—1.75 —150 —125 —1 00 —075 —050 —025 000 I(]).25

NB. LFU ratios Rge) = BB — KOup)/ BB — Kee) do not depend on C57, but they are difficult to measure
— cf. latest LHCb results, which now agree with the SM predictions.

O. Sumensari 18



Remarks on B - KVww/ B - KW uu

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

e We can defined the CKM-free ratio:

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

= Neglecting NP contributions, this ratio can be used to extract Cg"“‘ !

O. Sumensari

B(B — K®vp)
B(B — KM™II)

0.07 ¢ 0.07 ¢

—_— C — B Kui — C —— B — K*v

C? 0.06 E C? 0.06 = B — K*upu

Z 0.05 - Z 0.05

O, : ) :

Q 0.04 : Q 0.04 =

~ C ~ v

T 0.03 F < 0.03%

,.g‘ E 'g‘ - \

Q 0.02 : E 0.02F \

= 0.01¢ | = 0.01C “\

N—" - N—" - |

O.: L N R R R SRS B O.: L A R R SR B B

10 15 20 10 15 20
7 [GeV? 7 [GeV?

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

[q2,4%]

Ratio of partial branching fractions

integrated in the same g2-bin.
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e Predictions using perturbative calculation of ¢¢ loops:

= 7.08 £0.04
SM

with the following dependence on C9eff :

1

~Y

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

12

Rl
11-

10

R /) KA
[ /R v/n)

¢ [GeV?]

[Becirevic, Piazza, 0S. 2301.06990]

RY/M(1.1,6]] =86+0.3

SM

12

19.98 - 145 C5T + 0.42 - (C5T)°| x 1072

101 — R%ﬁ.m}
L v/u
mON o RK*/[l.l,ii]
9+ v/
I \’ — R
v/p
3 i o RK’-{[LLG]
%E i N « Conventional
® N
7 L
Gl
5 ;1 | | | | | |
4 4.5 D. 9.5 6
eff
(Cg")

Precise measurements could help us to understand the various anomalies in b — suu data.

O. Sumensari
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What can we learn from B - KOup ?

e Implications beyond the SM



EFT for b — suvi

e Low-energy EFT:

£b—>sw/ _

eff

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

B(B — K®vp)
B(B — K®yp)SM

Ly 5C
1,J

4CTYF >\t Qem

V2 2w

=1+)

ij

2Re[CPM (5C4™ + 6CH™)]

3|1CEY P

ViVj I/il/j 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

Forbidden region in the EFT approach

[Bause et al. '23]

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

[Clyjyj (SL’YMbL)(DLi’}/’uVLj) + C;Vj (ngﬂbR)(DL{y’uVLj)] + h.c. ,

Exclusion from Belle/BaBar

10 15 20 25 30
B(B — Kuv) x 10°

[Allwicher et al (OS). '23]
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EFT for b — suvi

[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS.

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

p, = Lo(B = K'vp)

['(B — K*uvb)

¢
54 BM

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

Fr(B — K*vo)™™ = 0.49(7)

1.4

10 =t

0.8 1
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Depletion of SM prediction!

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

tests of Belle-Il results.

O. Sumensari
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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*
b v
S v

= Only viable option!

v

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



SMEFT for b — svv (and b — s£¢)

o " operators invariant under SU(2) X U(l)y:

(011 10 = (Z"L;) (@i Q1)
03] 10 = @' L) (@' 1@
O] 50y = (L7 Ly) (dicch)
Ocq) 10 = (@7"€5) (@i Q1)
Oed] 0, = (@) (diyuch)

e SMEFT & LEFT matching:

lq
1723 723

vy V2 (1) A(3)
507 o 1 (€Y) —€§ )

5O —c“)

2
A 2323

O. Sumensari

Flavor (i =) fixed
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[Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]
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SMEFT for b — svv (and b — sC7)

o ™ operators invariant under SU(2) X U(1)y: b — stf b — sui
[Ol(;) ijkl ( ) (Qk’Y,uQ ) [Ol(ql)]ijkl - (ZWNLJ) (@k”Yqu)
— = zifyl‘ﬁj d ’Y,ud + (v i'YMVj d ’Y,u,d 4
(0] g = Tr*7'Ly) @121 (i7" 23) o) + (7yv15) @)
_ (3) u,rI 7_[
[Old- ijkl (L "L )(dk%dl) Oy g = (L7 Ly) (@i @) )
1 - (ng"}/ ng) (dequdLl) - <7Li’7'uVLj> (deryudLl) +
[Oeq_ ijkl ( ente; )(Qk%@l) ) )
T @) L, = LZ’YMLJ d ’)/,ud
[Oed ikl — ( €Y 63)<dkz’mdl) | ld]”kl ( ) (diych)

= (ZLi/Y,uéLj) (ERWMCZRZ) + (7Li’Y”VLj) (ERIC%dRz)

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

i. Couplings to muons (... and electrons) are tightly constrained by SB(B, — pp) (... and Rg). x
ii. LFV couplings are constrained by searches for (B, — flfj) and %(B — K(*)fifj). x

iii. The only viable option is coupling to 7's (due to weak exp. limits on b — s77). V

= Predictions: B(Bs —»71)  BB-—KWrr) 10
B(Bs — 77)M © B(B — K®)r7)SM

= However, experimentally challenging...

O. Sumensari
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WhiCh ConcrEte mOdeI? [Allwicher, Becirevic, Piazza, Rousaro-Alcaraz OS. '23]

e More correlations between observables can arise in concrete models:

- /" - LQs: b Ly
-—)--'—ﬁ—-
‘l ﬁt= (3t7-|'/6)
|
——
Se Ly
(o / o~
Lz D g@'j (%ﬁ”%’)zu ,CEQ D yf}- (dRZ'RQZTQLj> + h.c.
e AF =2 imposes strict bounds :
be e B e
v v
Rl 1R
: ! !
2 ¢ — <
Sr be. Se Ly 5,
i - ’9}%‘ —3 ~1
= Small coupling to quarks: Bl <9 % 1073 TeV = Upper bound on LQ mass:
myg:
= Impossible to fit data with a perturbative coupling mLg < 3 TeV

to 7's for a heavy Z'.

Difficult to accommodate such a large excess, but possible in certain models.

O. Sumensari



What can we learn from B - KOup ?

e Probing hidden sectors?



O. Sumensari

H idden SeCtOrS? [Altmannshofer et al. 23]

e What if the excess is due to B — KX( — inv), where X ~ (1,1,0) is a light mediator produced
on-shell (i.e., with my < mg)?

e The main difference would be a peak in the g*-distributions at g° ~ m)z( , smeared by the

detector resolution.

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

1.0

200 == continuum_ — Best fit
+ 3 charged BB +20
175 @ neutral BB +10
+ Bl SMB* ->K*w 0.8 .
1501 —— Gaussian resonance
¢ Data <
\V4
" 1251 7 06F
= @
3 100 5
~ 0.4}
75- L0
X S
50
0.2
25
0 0.0
6 8 10 12 14 16 0.0
q? [GeV?]
e Best fit (2.80): mx ~ 2 GeV B(B—+ KX)=(51£21)x10°

= To be checked by dedicated searches!
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Summary & Outlook



Summary

e B— KU decays are cleaner than B — K" uu, but one should remain cautious about
the uncertainties from the form factors and CKM matrix elements, in view of the future
Belle-11 sensitivity:

= Binned data can be used to test these predictions — which are more reliable at high-g*.

= We propose to measure the ratio Br(B — KvD),,/Br(B — Kvb)y;.n, which is sensitive to the

qz—shape of the (extrapolated) vector form-factor.

= 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 B — Kvi/B — KWuu 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).
e The latest Belle-ll results show an excess that can be accommodated, e.g., by SMEFT
operators with z-flavor. Many cross-checks of these results are possible:

= Semileptonic tagging analysis.
= Br(B’ — Kwi), Br(B — K*uvb) and F,(B — K*uD).

Thank youl!

Many opportunities to learn more about physics (B)SM!
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Back-up



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



[Intermezzo]: Warning]!

db 2 2 2
* 2 2 mp + Mp« — g
(B — D*lv) o< |Vep|” | F(w)] w =
2 2777/3 ™ p*
q
0.0014 0.0016
Lattice QCD x|V, ——— HPQCD B — D'y,
Belle untagged +  Belle B — D*"e*r,
0.0012 | BaBar 0.0014 +  Belle BY - D* 'y,
¢ Lattice QCD
4 Belle untagged e~ 0.0012
~ 0.0010 4 Belle untagged pu~
§ ¢ - BaBar synthetic N_gO.OOIO
& 3
E 0-0005 "% 0.0008
E 3
< 0.0006 £ 0.0006
0.0004
0.0004
. HPQCD, 23
[FNAL/MILC, '21] [HPQCD, "23]
0.0002
1.0 1.1 1.2 1.3 1.4 1.5 000091 L1 12 1.3 14 15

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

NB. Recent JLQCD agrees well with exp. datal

Way out: independent LQCD results + Belle-Il data!
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FIG. 1: Left: Combined fit to Br[B — KX]| from Belle II and BaBar as a function of the mass of X. Right: Same for

Br[B — K*X] (only BaBar data available).

10° x BrfB—»>K"X]

w

N

— Best fit
+20
5 *lo
4+ . )
0.0 0.5 1.0 1.5 2.0 2.5
My [GeV]

3.0

[Altmannshofer et al. 23]
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FIG. 5: Best fit and associated 1o errors for Br[B — K™ X]
as a function of mx, for the fit to the BaBar distributions
(green), the Belle II distribution (blue) and the combined fit
to all data (red).
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