Global flavour fits to rare B decay observables

Nazila Mahmoudi
IP2] - Lyon University

Thanks to T. Hurth, S. Neshatpour and Y. Monceaux




Measurements

Several deviations from the SM predictions in b — s measurements with muons in the final state
Measurements by LHCb, and also ATLAS, CMS and Belle
B— Kutp~=, B— Ktete™, B— K*utu~ (Fr, Arg, Siv Pi), Bs = ¢utp™,
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Summary of anomalies

PI(B® — K™t p) [2.5,4.0)
PUB = K [4.0,6.0)
B(B* — K*pu ) [1.1,6.0]
B(B* — K*e*er) [1.1,6.0)
B(BY — ot ) [1.1,6.0] —
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Tension in the angular observables

B® — K*°uu~ angular observables, in particular P; / Ss
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Tension in the angular observables

B® — K*°uu~ angular observables, in particular P; / Ss

e 2013 (1 fb_l)i disagreement with the SM for P> and Pé (PRL 111, 191801 (2013))
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Tension in the angular observables

B® — K*°uu~ angular observables, in particular P; / Ss

e 2013 (1 fb_l)i disagreement with the SM for P> and Pé (PRL 111, 191801 (2013))
@ March 2015 (3 fb~1): confirmation of the deviations (LHcb-conF-2015-002)
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Tension in the angular observables

B® — K*°uu~ angular observables, in particular P; / Ss

e 2013 (1 fb_l)i disagreement with the SM for P> and Pé (PRL 111, 191801 (2013))
@ March 2015 (3 fb~1): confirmation of the deviations (LHcb-conF-2015-002)
o Dec. 2015: 2 analysis methods, both show the deviations (sHEeP 1602, 104 (2016))
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Tension in the angular observables

B® — K*°uu~ angular observables, in particular P; / Ss

e 2013 (1 fb_l)i disagreement with the SM for P> and Pé (PRL 111, 191801 (2013))
@ March 2015 (3 fb~1): confirmation of the deviations (LHcb-conF-2015-002)

o Dec. 2015: 2 analysis methods, both show the deviations (sHEeP 1602, 104 (2016))
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Tension in the angular observables - 2020 updates

PL(B® — K*°u"11™): 2020 LHCb update with 4.7 fb~: ~ 2.90 local tension

o

a T T =
LHCb Run 1 + 2016

[1SM from DHMV
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-0, H g Q - Phys. Rev. Lett. 125, 011802 (2020)
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Tension in the angular observables - 2020 updates

PL(B® — K*°u"11™): 2020 LHCb update with 4.7 fb~: ~ 2.90 local tension

o’ 1 0 T J
LHCb Run 1 + 2016
E [1SM from DHMV

0.5 ﬁ -
+
o BH

Phys. Rev. Lett. 125, 011802 (2020)

15
? [Gevcd]
First measurement of B — K*" "~ angular observables
using the full Run 1 and Run 2 dataset (9 fb—1):

LHCb
1F B 8 —+ Data 9fb™" Bl
SM from DHMV
5 5 SM from ASZB ]
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Phys. Rev. Lett. 126, 161802 (2021)

The results confirm the global tension with respect to the SM!
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Lepton flavour universality ratios

Lepton flavour universality in BY — KT¢¢~

Rk = BR(BT™ — KTutp=)/BR(BT — Ktete™)
@ SM prediction very accurate: REM = 1.0006 + 0.0004
@ March 2021 using 9 fb~1
Ry = 0.8467%9%2 (stat) 7993 (syst)

@ 3.10 tension in the [1.1-6] GeV? bin
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Lepton flavour universality ratios

Lepton flavour universality in BY — KT¢¢~
Rk = BR(BT™ — KTutp=)/BR(BT — Ktete™)
@ SM prediction very accurate: REM = 1.0006 + 0.0004
@ March 2021 using 9 fb~1
Ry = 0.8467%9%2 (stat) 7993 (syst)
@ 3.10 tension in the [1.1-6] GeV? bin
Lepton flavour universality in B® — K*%¢+¢~
R+ = BR(B® — K*0ut 1~ )/BR(B® — K*0ete™)
@ LHCb measurement from April 2017 using 3 fb—1!
@ Two g? regions: [0.045-1.1] and [1.1-6.0] GeV?
RZPPL — 0.6610 1L (stat) + 0.03(syst)
REPPIN2 — 0 69+0-1L (stat) + 0.05(syst)
@ 2.2-2.50 tension in each bin

Nazila Mahmoudi Beauty 2023 - 06 July 2023

LHCb
| 1
T = BaBar
4 Belle
o LHCH9 b
0 5 ll() II5 Y

20
& [GeV/ct)

Nature Phys. 18 (2022) 3, 277

0.0

® LHCD

B BaBar

A Bell
L L L

5 10 15 20
¢ [GeV?/ct)

JHEP 08 (2017) 055

6/ 20



Lepton flavour universality ratios

December 2022 update

o LHCb measurement from Dec 2022 using 9 fb~!
o New modelling of residual backgrounds due to misidentified hadronic decays
@ Results fully compatible with the SM

14F LHCb Re  low-g* = 0994700
9fh! Ry central-g? = 0.949"
R lowg® = 0927
1.2 Ry central-g” = 1.027-0977
<
< 10p - I AL
A1
0.8F
I Daa V=16, p=0812 0 =02
o6k — SM

Ric low-¢ Ry centrakq? Rp low-g” Ry central-g?

LHCb, arXiv:2212.09152, arXiv:2212.09153
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Lepton flavour universality ratios

Two other LFU measurements (October 2021) with 9 fb~':
BT — K*"¢*¢~ and B® — K20+ 0~

R+ = 0.7079 18 (stat) %93 (syst) and Rko = 0.66792% (stat) 992 (syst)

Phys.Rev.Lett. 128 (2022) 19, 191802
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Lepton flavour universality ratios

Two other LFU measurements (October 2021) with 9 fb~':
BT — K*"¢*¢~ and B® — K20+ 0~

R+ = 0.7079 18 (stat) %93 (syst) and Rko = 0.66792% (stat) 992 (syst)

Phys.Rev.Lett. 128 (2022) 19, 191802

T
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—_—
1.1< g2 <60GeV/c*
R, Belle
—_—
0.045 < g2 < 1.1 GeV?/c*
1 Ry, Belle
10< g2 <60GeV¥ct
. Ry LHCb 9 b
0.045 < g2 <60 GeV?/c+
Ry LHCbO b
1.1< g2 <60 GeV¥/c*
P P PR
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More measurements to come:
B 5 ¢ttt Bl B— Ketn— et ..
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Theoretical framework

Effective field theory

VAL (id%w(c,-(u)of(u) + C/(1Oi(1) )

Operator set for b — s transitions:

Hest =

4-quark chromomagnetic electromagnetic semileptonic
operators s dipole operator dipole operator operators

09,10
b s
;e; : E -+
-
O1,2 o (5T ,c)(EMHb) Og o (301 T?PR)Gj,  O7 o (50VPR)F, Of o (37" by ) (L)
034 (Erub)Zq(Elr’“‘q) Ofp < (37" br) (Erus?)
+ the chirality flipped counter-parts of the above operators, O/

Wilson coefficients:

The Wilson coefficients are calculated perturbatively and are process independent.
SM contributions known to NNLL (Bobeth, Misiak, Urban '99; Misiak, Steinhauser '04, Gorbahn, Haisch '04;
Gorbahn, Haisch, Misiak '05; Czakon, Haisch, Misiak '06,...)

C; ~—03 Co ~ 4.2 Cio~—4.2
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B— K*utu~
B — K*(— K'n)u" u~ Angular distributions \Q &=
N B >

Ok
Angular behavior of K* and 7~ — additional K
information on the helicity of K* o
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B— K*utu~
B — K*(— K'n)u" u~ Angular distributions \Q &=
N B >

Ok
Angular behavior of K* and 7~ — additional N
information on the helicity of K* o

Differential decay distribution:

&'T _
dq? dcosydcosfx-dp ~ 32w
J(q27 921 GK* ) ¢) = Z,‘ J!(qz) ﬁ(eéy QK* 5 ¢)
™ angular coefficients J;_o

™ functions of the spin amplitudes Ao, Aj, AL, A, and As
Spin amplitudes: functions of Wilson coefficients and form factors

J(q2>0270K*7¢)

Main operatorS'

Os (M 2 (57" b)(Prf), Oro = Gz (57" bu) (Tyust) j? ﬁ

Os = 125(57bR) (L), Op = 125(50b3)(Pysl)
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Issue of the hadronic power corrections

Effective Hamiltonian for b — s#* ¢~ transitions: He = ’Hhad + H;j—‘f

Matrix elements of B —» K*£* £~ decay:

7-tcff -

(K=¢*~|Het| B):

=> B - K" form factors V,Ag, , , Ty 23 or alternatively V3, T3, S (1 = helicity of K)

Helicity amplitudes:

2 L9.5
~ i N ~ AN (2 mp 21y ~eff INT (2
Hy () & =i N (Ch = CTA?) + T [TE (e = ehTaa)] |

Ha(\) = =i N'(Cio — Clo)Va(q?)

2 my .
Hp = ziN/{ ”;"”h(( 0 —C 1‘,)(1 " ﬁ) s'(ql)}

mp
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Issue of the hadronic power corrections

Effective Hamiltonian for b — s€* ¢~ transitions: Her = Hiad + HoL

Matrix elements of B » K*£* £~ decay:

4G
Hif =- 7

(K=e+e~|HE9|B):

Hé’f‘}d contributes to b — s£¢ through virtual photon exchange = affect only the Hy, (1)

"”H\ ) ~ —i \‘/{( —ch N ﬁ{ﬂ‘ e H

¢ Lmp

o [ 2 Mg
HP:,A\{ (e )(1- ) }
q= mpy
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Issue of the hadronic power corrections

Effective Hamiltonian for b — s€+¢™ transitions: Her = Hog" + Holy
Matrix elements of B > K*£* £~ decay:

} A4Gp . . L ,
MU' ==~ VaVa] 32 CilmOu + Cs(0s(n)

i=1...6

j— - 2 . " : _ P =
(R e+ e[ HEBy: Al = iS5 [dtae (e i a)lo) x [ty e T )i 0)) )

In general “naive” factorization not applicable

29
Hy () = —iN{(Co— )+ M 2 e oty )])

] \
g Lmp

Ha(\) = —i N'(C'ry — (')

T — ,\,/{Zm,nu,[ ‘(I nu) }
pen ¢ ‘ my,

Nazila Mahmoudi Beauty 2023 - 06 July 2023 11 / 29



Issue of the hadronic power corrections

Effective Hamiltonian for b — s€* ¢~ transitions: Her = Hiad + HoL

Matrix elements of B > K*£* £~ decay:

4Gp ., L ;
il =— =1 ‘"wa,s[ Ci(1)Oi(p) + Cs(1)Os (1)

\/i i=1...6

i=

— — -2 i . _ _
(K*€+’€_ |H:§‘d|B) A()\had) _ Z:]_Q /d-'ll,e—zq-m([#»(ﬁsz:l,lcpt(xﬂ()) « /d-iy 8““1(]&7;‘T{jcm'hdd’“(y)/Hgé(l(O)}‘B)

2
€ N N . A A 2
— € L‘,[ Y(¢°)Vy +LOin O(—, + h }
2A (@) G B (@)
N —
fact., perturbative non—fact., QCDf power corrections, unknown

.VV’H\(,\‘):f,‘\'/{( — ) vﬁ{ﬂ‘ e H

¢ Lmp

Ha(\) = —i N'(Chy — (1)

. 2 memy Mg
HP:,A\’{ eny )(1 - ) }
q= my
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Issue of the hadronic power corrections

Effective Hamiltonian for b — s€*£~ transitions: Heg = Hi}gd — H:lﬂ‘

Matrix elements of B — K*£* £~ decay:

4G
Al = Fx/,bv*{ 3 CiliOilp) + Cs (1) Os(p)

\/E i=1...6

— — 2 r . _ _
(R e+ [HEBy: Al =Sy [atveon e e )0y fatyers (w510 (e oss (mt 0)15)

2
e 9\ A A .
— q—,zq,LQ‘,[ V(@) +LOmO( - )t ha(g?) ]
4 N———
fact., perturl)ative _non—fact., QUDf power corrections, unknowu
I \
, / b "/
(cs"=co+v()) f ‘(
\ / .
Helicity amplitudes: v v
myr2my PN
Hy(\) = =i N'{ (5 - C)Ta ) + ?[ L(cst - pTaet) - 167N ()] |
¢ Lmp
Ha(\) = =i N'(Cio = Cl)Va(a?)
[ 2memy, y Mg\ =,
Hp = ,A\"{#((, 10— C ;‘,)(1 T ;")suﬂ)}
q my

Nazila Mahmoudi Beauty 2023 - 06 July 2023 11 / 29



BR(Bs — utu™)

Relevant operators:

W HY

e? ~ r
O10 = (@n)2 (Ev#b)(Lruyst) ‘} s u< )
&2

05 = ie S (5ebR)(T0)

Op = < (57 b3)(Prs0) N e

4m2
BR(Bs = utp~) = 5471.3 fz TBsmB [Vip Viel? (/1 — Tu

{(

Largest contributions in SM from a Z penguin top loop and a W box diagram

)|c5—c' +\(cp—c')+z(cm—qo)%
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BR(Bs — utu™)

Relevant operators:

W HY

e? ~ r
O10 = (@n)2 (Ev#b)(Lruyst) ‘} s u< )
&2

05 = ie S (5ebR)(T0)

Op = < (57 b3)(Prs0) N e

4m2
BR(Bs = utp~) = 5471.3 fz TBsmB [Vip Viel? (/1 — Tu

{(

Largest contributions in SM from a Z penguin top loop and a W box diagram

)|c5—c' +\(cp—c')+z(cm—qo)%

Main source of uncertainty:
o st i~ 1.5%
o CKM : ~25%

@ Other (masses, as,...) : ~ 1%
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BR(Bs — utu™)

Experimental measurement:

LHCb, March 2021 (PRL 128, 4, 041801, 2022)
BR(Bs — ptp™)MHOP = (3.001948+0:15 ) x 107°

CMS, July 2022 (CMS-PAS-BPH-21-006)

BR(B, = 1t )M = (305G 3/ 00 1070

T. Hurth, FM, D. Martinez Santos, S. Neshatpour, 2210.07221
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BR(Bs — utu™)

Experimental measurement:

LHCb, March 2021 (PRL 128, 4, 041801, 2022)
BR(Bs — ptp™)MHOP = (3.001948+0:15 ) x 107°

BR(BS -~ * - [x100]

CMS, July 2022 (CMS-PAS-BPH-21-006)

BR(B, = 1t )M = (305G 3/ 00 1070 .

H
BRIBY -~y )x107%]

Our combination using the latest measurements (LHCb, ATLAS, CMS):
BR(Bs — pup~) =3.521932 x 107°

T. Hurth, FM, D. Martinez Santos, S. Neshatpour, 2210.07221
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BR(Bs — utu™)

Experimental measurement:

LHCb, March 2021 (PRL 128, 4, 041801, 2022)
BR(Bs — ptp™)MHOP = (3.001948+0:15 ) x 107°

BR(BS -~ * - [x100]

CMS, July 2022 (CMS-PAS-BPH-21-006)

BR(B, = 1t )M = (305G 3/ 00 1070 .

H
BRIBY -~y )x107%]

Our combination using the latest measurements (LHCb, ATLAS, CMS):
BR(Bs — pup~) =3.521932 x 107°

T. Hurth, FM, D. Martinez Santos, S. Neshatpour, 2210.07221

SM prediction:
Using the latest FLAG combination: fg, = 0.2303(13) GeV

SM prediction: BR(Bs — utu™) = (3.61 £0.17) x 107°

Superlso v4.1
Bobeth et al., Phys. Rev. Lett. 112 (2014) 101801, ...
De Bruyn et al., Phys. Rev. Lett. 109 (2012) 041801, ...

Nazila Mahmoudi Beauty 2023 - 06 July 2023 13 / 29



The role of (pseudo)scalar operators

Imposing BR(Bs — utp™), if Cs and Cp independent, there exists a degeneracy between
Cio0 and Cp so that large values for Cp are possible

03 - ; 0.8 1
wncL | e cL
02 Moo | 06N o
0.1 0.4 - N
ERY) 502 T
§ S
-0.1 0.0 \\
-02 -
-02 \\\‘1
-0.4
-03
Z10 -5 0 5 10 10 -5 0 5 10
5Cio 5Co

A. Arbey, T. Hurth, FM, S. Neshatpour, Phys.Rev.D 98 (2018) 9, 095027
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The role of (pseudo)scalar operators

Imposing BR(Bs — utp™), if Cs and Cp independent, there exists a degeneracy between
Cio0 and Cp so that large values for Cp are possible

03— .| O e — q
o oy
02 Moo 06N e
0.1 0.4 S
~—
3 00 & 02 ~ .
-0.1 00 \\\
-02 ~_ |
-0.2 ~|
-0.4 |
-03
-10 -5 0 5 10 -10 -5 0 5 10
8Cio 9Cio
Even if Cs = —Cp, allowing for small variations of Cs p alleviates the constraints from

Bs — /ﬁpf on Cio

03
68%CL

02|l wuc

0.1
0.0

Co1=—-Cq

-0.1

-0.2

-03

-5 0 5 10
0Cio

A. Arbey, T. Hurth, FM, S. Neshatpour, Phys.Rev.D 98 (2018) 9, 095027
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Inclusive branching ratio of B — X,

Contributing loops:

W H™ X

Main operator: O7
but higher order contributions from Oy, ..., Og
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Inclusive branching ratio of B — Xy

Contributing loops:

Y Y _ Y
t t t
b AN Y
W H X
Main operator: O7
but higher order contributions from Oy, ..., Og

@ Standard OPE for inclusive decays

@ Very precise theory prediction (at NNLO)
_ . ViV,
BR(B — X:7)e, >, = BR(B — xcep)|f\5/7“’|
cb

6cem

C [P(Eo) + N(Eo)]
™ + +

pert non-pert
~ 96% ~ 4%
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Inclusive branching ratio of B — Xy

Contributing loops:

Y Y _ Y
t t t
b AN Y
W H X
Main operator: O7
but higher order contributions from Oy, ..., Og

@ Standard OPE for inclusive decays

@ Very precise theory prediction (at NNLO)
_ . ViV,
BR(B — X:7)e, >, = BR(B — xcep)|f\5/7“’|
cb

6cem

¢ [P(Eo) + N(Eo)]
& s 4

pert non-pert
B ~96% ~ 4%
SM prediction: BR(B — Xsv) = (3.34 £ 0.22) x 10~%

Superlso v4.1
M. Misiak et al., PRL 98 (2007) 022002, PRL 114 (2015) 22, 221801, JHEP 06 (2020) 175
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Inclusive branching ratio of B — Xy

Contributing loops:

Y Y _ Y
t t t
b AN Y
W H X
Main operator: O7
but higher order contributions from Oy, ..., Og

@ Standard OPE for inclusive decays

@ Very precise theory prediction (at NNLO)
_ . ViV,
BR(B — X:7)e, >, = BR(B — xcep)|f\5/7“’|
cb

6cem

C [P(Eo) + N(Eo)]
™ + +

pert  non-pert
_ ~96% ~4%
SM prediction: BR(B — Xsv) = (3.34 £0.22) x 10~

Superlso v4.1
M. Misiak et al., PRL 98 (2007) 022002, PRL 114 (2015) 22, 221801, JHEP 06 (2020) 175

Experimental value (HFAG 2022): BR(B — Xsv) = (3.49 £0.19) x 10~*
With the full BELLE-II dataset, a £2.6% uncertainty in the world average for BR(8 — Xs7¥)exp is expected.
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Global fits
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New Physics interpretation?

IF the deviations are from New Physics...
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New Physics interpretation?

IF the deviations are from New Physics...

Many observables — Global fits of the available data
Relevant Operators:

07,06, 05),, 0%, . and  Os_p o (5Prb)(iPLp)

Op,e 1

NP manifests itself in the shifts of the individual coefficients with respect to the SM
values:

Gi(n) = CPM(p) +6G
— Scans over the values of 6C;
— Calculation of flavour observables
— Comparison with experimental results

— Constraints on the Wilson coefficients C;
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Theoretical uncertainties

Theoretical uncertainties and correlations

@ Monte Carlo analysis

variation of the “standard” input parameters: masses, scales, CKM,

decay constants taken from the latest lattice results

B — K™ and B; — ¢ form factors are obtained from the lattice+LCSR
combinations, including all the correlations

Parameterisation of uncertainties from power corrections:

2

A Acl(l
K — k< +3kexp(l¢k)+6GV2

bx exp(IGk))

|ak| between 10 to 60%, by ~ 2.5a
Low recoil: by =0

= Computation of a (theory + exp) correlation matrix
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Global fits

Global fits of the observables obtained by minimisation of
X = (O = 07) - (Tun+ Tag) - (0 = O°F)
(Zen + Zexp) "t is the inverse covariance matrix.

183 observables relevant for leptonic and semileptonic decays:

o BR(B — Xsv) ® Rk« in 2 |0\(I)V g2 bins
+ —
o BR(B = X47) @ BR(B = Kou¥u™)
ot
OBR(B—>K*’)/) OB‘}KNIL-BR-FHZ .
° AQ(B—) K*'y) @ B— K*ete™: BR, FL: AT’ ATe
o BRO(B — Xeutu™) ° SB%K?M+SM_: BR, Fi, Arg, S3, Sa,
. 5, 57, 58, S9
o BRMEN(B — Xutp™) in 8 low g2 and 4 high g2 bins
@ BR°“(B — Xsete™) e BT — K**utu~: BR, F, Arg, S3,
o BRMEN(B — X,ete™) 54, 95, 57, 58 59
BR(B 4 in 5 low g% and 2 high g bins
° _
(Bs = “J‘f) ® Bs — ¢utu—: BR, Fi, S, Sa, Sz
® BR(Bs —+efe™) in 3 low g2 and 2 high g2 bins
o BR(By — putpu~
(Bg = utp 2) . o Ap— Autp=: BR, Alg, AL, AL,
@ Ry in the low g“ bin F, in the high ¢2 bin

Computations performed using Superlso public program
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Single operator fits

Comparison of one-operator NP fits:

T. Hurth, FM, D. Martinez Santos, S. Neshatpour, PLB 824 (2022) 136838, updated with the latest results

All observables 2022
(X3 = 253.3)
‘ b.f. value | X2 ‘ Pullgum
0GCo —0.93+£0.13 | 218.4 5.90
6Cs 0.82+0.19 | 232.3 4.60
[Jey —0.90 £0.11 | 197.7 7.50
6Cro 0.27 £0.17 | 250.5 1.70
6Ci | —0.78+0.18 | 2304 | 4.80
scl | 054+012 | 2315 | 470
6CfL | 042+0.10 | 2312 | 470
5¢ | —0.46+007 | 2082 | 6.70

(YCﬁL basis corresponds to §Cf = 70‘C1’0.
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Single operator fits

Comparison of one-operator NP fits:

T. Hurth, FM, D. Martinez Santos, S. Neshatpour, PLB 824 (2022) 136838, updated with the latest results

All observables 2022 All observables 2023
(x3y = 253.3) (x3y = 231.3)
‘ b.f. value ‘ Xin ‘ Pullgm ‘ b.f. value ‘ Xin ‘ Pullsm
6Co —0.93+£0.13 | 218.4 5.90 0Co —0.95+0.13 | 193.6 6.10
6Cs 0.82+0.19 | 232.3 4.60 0Cs 0.22+0.16 | 229.4 l.4o0
[Jey —0.90 £0.11 | 197.7 7.50 5CgM —0.68 £0.12 | 202.3 5.40
6Cro 0.27 £0.17 | 250.5 1.70 6Cio 0.08+0.16 | 231.1 0.40
6C | —0.78+£0.18 | 2304 | 4.80 5Cf | —0.18+0.14 | 2205 | 130
5Cl | 0544012 | 2315 | 470 5Ck | 0144010 | 2205 | 130
6CfL | 0424010 | 2312 | 470 5CeL | 0104008 | 2294 | 170
5¢ | —0.46+007 | 2082 | 6.70 5CH | —0.2240.06 | 219.6 | 3.40
(YC{L basis corresponds to §Cf = 7<5C1”0.
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12-D fits

Set: real G7, Gg, Co, Cio, Cs, Cp + primed coefficients, 12 degrees of freedom
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12-D fits

Set: real G7, Gg, Co, Cio, Cs, Cp + primed coefficients, 12 degrees of freedom

All observables with x2,; = 231.3
July 2023 (x2, =187.7; Pullgm = 4.30)
oG 0Cs
0.06 £0.03 —0.70 £ 0.40
3G 3G
—0.01 £0.01 —0.40 £ 1.00
0Co 3G 0Cio 3Cio
—1.144+0.20 | 0.04+0.30 | 0.20£0.21 | —0.03+0.18
Ca Car Co, Co,
—0.28+0.15 | —0.16 +£0.15 | 0.01 £0.03 | —0.03 +0.06

@ Many parameters are weakly constrained at the moment

@ The global tension is at the level of 4.30 (assuming 10% uncertainty for the power corrections)
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Pullsym of 1,2,4,6 and 12 dimensional fit:

Set of WC param. | x2:. | Pullsyy | Improvement
SM 0 231.3 — —
Go 1 193.6 6.10 6.10
Co, Cio 2 193.6 | 5.80 0.00
Gz, Gg, Co, Cio 4 190.2 5.60 1.30
All non-primed WC 6 189.3 5.20 0.50
All WC (incl. primed) 12 187.7 | 430 0.10

The “All non-primed WC" includes in addition to the previous row, the scalar and pseudoscalar
Wilson coefficients.

The last row also includes the chirality-flipped counterparts of the Wilson coefficients.

In the last column the significance of improvement of the fit compared to the scenario of the
previous row is given.
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Fit results for two operators

2D fits to all available data:

n_ e " _ K
(G — ) (Co' — Co)
03
68% CL (2019) 68% CL (2019)
02 B 95% CL (2019) 02 B 95% CL (2019)
01 01
=
Fo 00 UCJS
& > 00
o B
Q —o1 Q
0 Q
~02 -0.1
-03
-0.2
-04
-0.4 —0.3 —0.2 -0.1 0.0 0.1 -0.4 -03 —0.2 -0.1 0.0 0.1
e v/e- sChiCsM

2019: Run | results
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Fit results for two operators

2D fits to all available data:

H e ) ( H H )
( C9 Cg C9 ClO
03
68% CL (2021) 68% CL (2021)
= 95% CL (2021) 0-2 95% CL (2021)
02 ==== 68% CL (2019) 8% CL (2019)
— 95%CL (2019) — 95%CL (2019)
0.1 0.1
=o
Ea& 0.0 VCT
Q 2 o0 am—
@ S -
= 35
Q 01 Q
© ['s}
—02 -0.1
-0.3
-0.2
-0.4
-0.4 -03 -0.2 0.1 0.0 0.1 -0.4 -0.3 -0.2 0.1 0.0 0.1

schicsM

2019: Run | results
2021: (partial) Run Il updates, mainly for B — K*u*tu~—, Rk and Bs — ptp~ (LHCb)
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Fit results for two operators

2D fits to all available data:

Ho_ e)
(G — G5
03
68% CL (2022)
B 95% CL (2022)
02 ~=s= 68% CL (2021)
—— 95% CL (2021)
0.1 === 68% CL (2019)

7 )

— 95% CL (2019)

=
Vo 0.0
5 ’
S
=y
Q -o1
LS}

-0.2

-0.3

-0.4

-0.4 —-0.3 —-0.2 -0.1 0.0
schicg"

2019: Run | results

sciy/cil!

0.2

0.1

0.0

-0.1

(Cg - Cluo)

68% CL (2022)
B 95% CL (2022)

-= 68% CL (2021)
—— 95% CL (2021)
=== 68% CL (2019)

—— 95% CL (2019)
-03 -02 -0.1 0.0 01
sch/icgM

2021: (partial) Run Il updates, mainly for B — K*u*tu=, Rk and Bs — ptp~ (LHCb)
2022: (partial) Run Il updates, mainly for Bs — ptpu= (CMS), Ry«+, RKg and Bs — ¢utu—

Nazila Mahmoudi
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Fit results

Current situation

68% CL (2023)
021 B 95% CL (2023)
=== 68% CL (2022)
—— 95% CL (2022)
01 --=- 68% CL (2021)
: —— 95% CL (2021)
so --== 68% CL (2019)
% —— 95% CL (2019)
~
0.0
13
Q
'y
~0.11
~0.21
~0.4 —03 —0.2 —0.1 0.0 0.1

6CHICS™
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Comparison between the

ups

One dimensional fits:

ABCDMN
AS/GSSS
0.7 —— CFFPSV (PAID)
— N

=175 7\'3\\ =125 =100 =075 =050 =0.25  0.00
i
fo;

»> ACDMN (M. Alguerd, B. Capdevila, S. Descotes-Genon, J. Matias, M. Novoa-Brunet)
Statistical framework: x?-fit, based on private code

» AS (W. Altmannshofer, P. Stangl)
Statistical framework: y2-fit, based on public code flavio

» CFFPSV (M. Ciuchini, M. Fedele, E. Franco, A. Paul, L. Silvestrini, M. Valli)
Statistical framework: Bayesian MCMC fit, based on public code HEPfit

» HMMN (T. Hurth, F. Mahmoudi, D. Martinez-Santos, S. Neshatpour)
Statistical framework: x?-fit, based on public code SuperIso
See also similar fits by other groups

Alok et al., arXiv:1903
3 Hiller et al., arXiv:1704.05444,

Geng et al., arXiv:2103
D’Amico et al., arXiv:1704
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Fit results (GAMBIT)

2D fits to angular observables and branching ratios (No LFU ratios):

with the assumption of 10% power corrections

BT i 21

0.6 Prof. likelihood

Prof. likelihood
0.4
0.2

0.0

Re(AC)0)
Re(ACy)

Re(ACh)

—0.2

: 0.4

—0.04-0.02 0.00 0.02 0.04 0.06 0.08

~0.04-0.02 0.00 0.02 0.04 0.06 0.08
Re(ACY)

-2.0 —1.5 -10 —0.5 0.0
Re(ACh) Re(ACY)

GAMBIT, J. Bhom et al., Eur.Phys.J.C 81 (2021) 12, 1076

- Contour lines: 1, 2 and 30 confidence regions.
- SM prediction: yellow cross.
- Grey contours: when the theory covariance is approximated by its value in the SM, across the

entire parameter space.
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Impact of the different sets of observables

Current situation

N - Ay, x*ndf = 1.85

By, x*ndf = 0.07

High g2, ¥/ndf = 1.03

bin [6, 8] GeV?, x2/ndf = 0.88

b — sy at low g2, x?/ndf = 0.93
Rk Rk, x*/ndf = 0.38

il

NP
Cio

Main theoretical uncertainties:

Local Form Factors
Non-local Form Factors
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Impact of B — K* Local Form Factors

Fit to B — K*uu branching ratios at low ¢?

Bg [1], x¥/ndf =0.11
1.0
0.5
42
o
0.0
-0.5
-1.0
-1.5 -1.0 -0.5 0.0 0.5 10
[«

[1] 1503.05534: Bharucha, Straub and Zwicky
[2] 1811.00983: Gubernari, Kokulu and van Dyk

Large sensitivity to local form factors
Significant impacts on the fits!

See also N. Gubernari, M. Reboud, D. van Dyk, J. Virto, arXiv:2305.06301
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Impact of B — K* Local Form Factors

Fit to B — K*uu branching ratios at low ¢?

Bg [1], x*/ndf =0.11
Bg [2], x*/ndf =0.23

[1] 1503.05534: Bharucha, Straub and Zwicky
[2] 1811.00983: Gubernari, Kokulu and van Dyk

Large sensitivity to local form factors
Significant impacts on the fits!

See also N. Gubernari, M. Reboud, D. van Dyk, J. Virto, arXiv:2305.06301
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Impact of B — K* Local Form Factors

Fit to B — K* i angular observables at low g2

15
Angular [1], x%/ndf =0.83

1.0

0.5

wr
1o

0.0

-0.5

0.0 0.5 1.0

e
=

[1] 1503.05534: Bharucha, Straub and Zwicky
[2] 1811.00983: Gubernari, Kokulu and van Dyk

Large sensitivity to local form factors
Significant impacts on the fits!

See also N. Gubernari, M. Reboud, D. van Dyk, J. Virto, arXiv:2305.06301
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Impact of B — K* Local Form Factors

Fit to B — K* i angular observables at low g2

15

Angular [1], x?/ndf =0.83
e Angular [2], x2/ndf =0.86
1.0

0.5

wr
1o

0.0

-0.5

0.0 0.5 1.0

e
=

[1] 1503.05534: Bharucha, Straub and Zwicky
[2] 1811.00983: Gubernari, Kokulu and van Dyk

Large sensitivity to local form factors
Significant impacts on the fits!

See also N. Gubernari, M. Reboud, D. van Dyk, J. Virto, arXiv:2305.06301
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Cross-check with inclusive modes

Inclusive decays are theoretically cleaner (see e.s. T. Huber, T. Hurth, E. Lunghi, JHEP 1506 (2015) 176)

At Belle-1l, for inclusive b — s¢¢:

6
L e
W3 W3
v f O20 ] _ ofFd2e |
g03 e 3 O
I~ = ]
2 oz 5
% 0. <
% T 0.1 B
o Q
ul 2
o1 < k!
ok I | x10° -02 I | I I x10°
0 1 2 3 -0.1  -0.05 0 0.05 01 0.15
BREB-X W), - Apg(BoXw)

T. Hurth, FM, JHEP 1404 (2014) 097
T. Hurth, FM, S. Neshatpour, JHEP 1412 (2014) 053

Predictions based on our model-independent analysis
black cross: future measurements at Belle-ll assuming the best fit solution
red cross: SM predictions

— Belle-Il will check the NP interpretation with theoretically clean modes
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Cross-check with inclusive modes

Inclusive decays are theoretically cleaner (see e.g. T. Huber, T. Hurth, E. Lunghi, JHEP 1506 (2015) 176)

At Belle-1l, for inclusive b — s¢¢:

Exclusive vs Inclusive

3 -
© B = X,up (current) + B, = pp (current)
© B - X,up (50 ab™") + B, — uu (300 i)
2 @ B, pup (current) © B, - pupr (300 ")

TT2C Exclusive (§) o SM

NP
CQ

T. Hurth talk at FPCP 2023

— Belle-Il will check the NP interpretation with theoretically clean modes
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Conclusion

Reduction of the significance of the most preferred NP scenarios

Co continues to be the Wilson coeffcient which includes most of the NP effects
LFUV components are mostly suppressed

High significances for scenarios with universal NP in Co

Some tensions in the inner structure of the fit:

o LFU ratios are SM-like

o B — K®)puu observables and in particular branching ratio of B — Ky continue to
deviate with high significance
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Conclusion

Reduction of the significance of the most preferred NP scenarios

Co continues to be the Wilson coeffcient which includes most of the NP effects
LFUV components are mostly suppressed

High significances for scenarios with universal NP in Gy

Some tensions in the inner structure of the fit:

o LFU ratios are SM-like

o B — K®)puu observables and in particular branching ratio of B — Ky continue to
deviate with high significance

New Physics or Not New Physics?

» More work is needed to assess the hadronic uncertainties
» The measurement of the electron modes will be very important
» Cross-check with other ratios, and also inclusive modes will be very useful

» Interplay with the charged current mode and b — s77 can also be interesting
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New Physics or Not New Physics?
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Backup

Nazila Mahmoudi Beauty 2023 - 06 July 2023 30 / 29



B — K*u™u~ Angular Observables

Optimised observables: form factor uncertainties cancel at leading order

1 fbin dq2 [J3 + ']_3] 1 fbin dq2 [J6s + ]65]
<P1>bin = 2 A2l Ja L o] <P2>bin = 2T a2 L3
2 fbin dq [J25 + “/25] 8 fbin dq [st + J25]

1 - 1 -
P bin = —— dq?[Js + J. Pl pin = dq?[Js + J
(P24)bin N o q°[Ja + Ja] (Pg)b N Jom q°[Js + Js]
_ _ —1 —
(P§)bin = T dq?[J7 + 7 (Pg)bin = —— dq?[Js + Jg]
bin ¥ bin bin ¢ bin

with

Nkl)in = \/_ fbin dg?[Jas + ]25] fbin dg?[Jac + J-ZC]

+ CP violating clean observables and other combinations
U. Egede et al., JHEP 0811 (2008) 032, JHEP 1010 (2010) 056
J. Matias et al., JHEP 1204 (2012) 104
S. Descotes-Genon et al., JHEP 1305 (2013) 137

Or alternatively:

Si=—r—F > Pase =
et VFL(1 = Fp)

Beauty 2023 - 06 July 2023
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Comparison between the groups

Comparison between the groups
» Different experimental inputs, e.g.
> ¢2 € [6,8] GeV2 data (ABCDMN, CFFPSV, HMMN)
> High-¢? data (AS / GSSS, ABCDMN, HMMN)
» Radiative decays (ABCDMN, CFFPSV, HMMN)
> Ap — Aptp~ (AS /) GSSS, HMMN)
» Different form factor inputs

» Low-¢?%: form factors from LCSR, reduced with heavy-quark & large-energy symmetries +
(uncorrelated) power corrections. High-¢?: lattice form factors (B — V¢ ABCDMN)

» Full ¢2 region: form factors from HPQCD lattice fit across all g2, with full correlations
(B — Pt¢ ABCDMN)

» Full ¢2 region: form factors from combined LCSR + lattice fit, with full correlations (AS / GSSS,
HMMN)

> Low g2 region: form factors from combined LCSR + lattice fit, with full correlations (CFFPSV)
» Different assumptions about non-local matrix elements

» Order of magnitude estimates based on theory calculations from continuum methods, with different
parameterisations (ABCDMN, AS / GSSS, HMMN)

> Direct fit to data in each scenario, relying on continuum methods only for ¢* < 1 GeV? while allowing
them to freely grow for larger ¢> (CFFPSV)

» Different statistical frameworks
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20-D fits

Set: real G7, G, Cs, Cfo, CE, C5 + primed coefficients, 20 degrees of freedom

All observables with x3y = 231.3
July 2023 (x2,;, = 184.6; Pullsy = 3.4(3.5)0)
6Cr 0Cs
0.06 + 0.03 —0.70 + 0.40
e e
—0.01+0.01 —0.60 + 0.90
5G4 6Cs 0Cly 6Cio
—1.16 £0.18 | —2.00 +0.80 0.21+0.21 1.20+2.2
SCH §Cg° 5C 5Ci
0.05+0.31 | —2.60+1.40 | —0.02+0.19 | —1.90+ 1.9
Co Cay Ce, Céx
—0.25+0.14 | —0.30+0.40 | —0.04 £0.02 | 1.40+0.7
cg; = s %
—0.13+0.13 | —0.25+0.30 | —0.09+0.02 | 1.30+0.7

@ Many parameters are weakly constrained at the moment

@ The global tension is at the level of 3.50 (assuming 10% uncertainty for the power corrections)
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From B physics to kaons

It is natural to expect that the NP effects in B-meson decays would also impact
operators contributing to kaon decays. [1705.10729,

2.00786, 2005.03734, 2206.14748]...

Global picture: [2206.14748]

Relevant operators:

0§ = (57, Pcd) (120)

Ol = (37, Prd) (("750)
"""""""""""""""" Of, = (57, Prd) (7ev"(1 = 75) )

LD:+ for Ki—pp

sce

Projection A: Assuming SM as the central
values

K*-n*vo
- Kopp (AL, > 0)
LFUV with K * s+ 1
- Konee

—comrent fit Projection B: Assuming the best-fit values

projection A from the current fits as the central values
I projection B

2% -10 0 10 20 30 4

6CH =6CT

— Effective probe of NP in the muon sector!

Need to achieve a better accuracy in the theoretical computation of K —uu

G. D'Ambrosio, A. lyer, FM, S. Neshatpour, JHEP 09 (2022) 148
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