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Tension in the angular observables

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

SM Predictions

4o

f

)
by
LI |

H
e

15 2
q2 [GeV¥c?]

3.70 deviation in the 3rd bin

8

Nazila Mahmoudi Corfu - 31 Aug. 2023 3 /31



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*utp~

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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(arXiv:1604.04042)
tension at 2.10

Nazila Mahmoudi

2.90 in the 4th and 5th bins

L L L L
0 5 10 15

¢ [GeV¥ e

(3.70 combined)

W1 This Analysis
LHCh 2013
LHch 2015

= S from DHIV

L

W
¢ (GeV?/ct)

Corfu - 31 Aug. 2023

& of . . .

LHCb
; B SM from ABSZ
=
-t
-+ + =
-05— —
o . . .

LHCb

i

I SM from ABSZ

-0.5

™

0

Hy i

15
G [Gev?c]

3.40 combined fit (likelihood)

3/31



Tension in the angular observables - 2020 updates

PL(B® — K*°u"117): 2020 LHCb update with 4.7 fb™: ~ 2.90 local tension
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Tension in the angular observables - 2020 updates

PL(B® — K*°u"117): 2020 LHCb update with 4.7 fb™: ~ 2.90 local tension
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Phys. Rev. Lett. 125, 011802 (2020) ATLAS-CONF-2017-023; CMS-PAS-BPH-15-008

First measurement of BT — K*" 1~ angular observables
using the full Run 1 and Run 2 dataset (9 fb~1):
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Phys. Rev. Lett. 126, 161802 (2021)
The results confirm the global tension with respect to the SM!
4/31

Nazila Mahmoudi Corfu - 31 Aug. 2023



Tension in the b — s/¢ Branching Ratios
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- consistent deviation pattern with the SM predictions

- significance of the deviations between ~ 2 and 3.5 ¢

- general trend: EXP < SM in low ¢° regions

- ... but the branching ratios have very large theory uncertainties!
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Lepton flavour universality ratios

Lepton flavour universality in BT — K™¢T¢~ <
= LHCb
Rk = BR(BY — KTutpu=)/BR(BT — KTete™) 15F ‘ 1
@ SM prediction very accurate: REM = 1.0006 + 0.0004 o . A ———
. 1
@ March 2021 using 9 fb—1 = « b
05 4 Belle
RZP = 0.8461% 942 (stat) T9013 (syst) ” e
@ 3.10 tension in the [1.1-6] GeV? bin ! ’ e (GeV2re

Nature Phys. 18 (2022) 3, 277
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Lepton flavour universality ratios

Lepton flavour universality in BT — K™¢T¢~ <
= LHCb
Rk = BR(BT™ — KTutp=)/BR(BT — Ktete™) 15f ‘ 1
@ SM prediction very accurate: REM = 1.0006 + 0.0004 o I S —
. 1
@ March 2021 using 9 fb—1 = « b
05 4 Belle
REP = 0.84619932 (stat) 5513 (syst) . e
@ 3.10 tension in the [1.1-6] GeV? bin ! ’ e (GeV2re

Nature Phys. 18 (2022) 3, 277

Lepton flavour universality in B® — K*%¢+¢~

Rk« = BR(B® — K*Outu~)/BR(B® — K*Cete™)
@ LHCb measurement from April 2017 using 3 fb—1! l
@ Two g? regions: [0.045-1.1] and [1.1-6.0] GeV? 3
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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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More measurements to come:
B 5 ¢ttt Bl B— Ketn— et ..
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New CMS measurements

First R« measurement by CMS (August 2023):

CMS Preliminary 2018 (13 TeV)
T4
%,2 E — — Stat. only
‘é —— Stat. + Syst.
o —— SMpred.
S _ +0.46 +0.09
¢ New result, Rk = 0.781¢ 53 (stat) Lq o5 (syst)
for EPS

Uncertainty dominated by the low
stats of B — Kee

05 1 15 2 25

See G. Karathanasis’' talk at EPS 2023
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New CMS measurements

Differential BR measurement of B* — Kt~ (August 2023):

33.6 fb'(13 TeV)
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See G. Karathanasis’ talk at EPS 2023

Nazila Mahmoudi Corfu - 31 Aug. 2023 10 / 31



Theoretical framework

Effective field theory
4Gr

How = =2 VeV (30 (GO + C(wOi(w))
i=1.--10,5,P
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Theoretical framework

Effective field theory

Hest =

Operator set for b — s transitions:

4-quark
operators
b s
015
q q

0172 X (§I’Mc)(EF“b)
03,4 o (5T )34 (aTa)

Nazila Mahmoudi

4Gg
~AVeVi (X (GO + n0Kw))
i=1.--10,5,P
chromomagnetic electromagnetic semileptonic
dipole operator dipole operator operators
09,10
Og Or b s
b s b s
;e; : o+
g Y =

Og o (50" T2PR)G;,  O7 o (30¥PR)F}, 0§ o (37" by)(Pyub)

Ofo ¢ (57# by ) (Pr750)
+ the chirality flipped counter-parts of the above operators, O/
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Theoretical framework

Effective field theory

‘:ffvﬂ,v*( S (GO + CumOin)
i=1.--10,5,P

Operator set for b — s transitions:

Heff:_

4-quark chromomagnetic electromagnetic semileptonic
operators s dipole operator dipole operator operators
09,10
b s
;e: : E o+
-
O1,2 o (5T ) (M b) Og o (5o T"’PR)G;L, Oz o (50" PR)F; 0§ o (37" by)(Pyub)
O34 o (5T,b)32 (T q) 0%y o (37 b)) (Lypust)

+ 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,...)

Cr~—03 Co~42  Cio~ —42
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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?)

o, (2mem ms\ =,
HP:LM{ q’ b (Cho (1‘,)(1+J)S(q2)}

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,
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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:

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)
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— € L‘,[ Y(¢°)Vy +LOin O(—, + h }
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N —
fact., perturbative non—fact., QCDf power corrections, unknown
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Issue of the hadronic power corrections

Effective Hamiltonian for b —» s#*#~ transitions: Hegr = Hi}gd + H:lﬂ‘
Matrix elements of B — K*£* £~ decay:

had _ 4GF

Mt = VaVis[ 30 CilmOin) + Cs(u)0s(h)

\/5 ‘ i=1...6

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

2 o A

e . A .
— St [ Y(@®)Vy +LOin O(—, ha(g?) ]
q my, Ege
N———
fact., perturbative _non—fact., QUDf power corrections, unknown
,I' . -’,’
, / N7
off _ () ’
(G"=Co+Y(g ) /, ‘!
Helicity amplitudes: v ) v
(e N myr2my IR . .
Hy (V) = =i N{(C5" = COTa(e?) + S8 [Z22(CH = ChTa(e?) - 1672Ma(a?)| }
B

"
Ha(\) = =i N'(Co = Clo)Wa(4?)

[ 2meny y Mg\ &,
Hp =i N'{ 22 (01 - ) (1+ ﬁ)suﬂ)}
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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)%
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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)MHCP = (3.0979460.15 ) x 10°
CMS, July 2022 (CMS-PAS-BPH-21-006)

PR(Es — 15O = (.95 GO ILOF ) k100

ATLAS, Dec 2018 (JHEP 04 (2019) 098)
BR(Bs — p*pu™)ATLAS = (2.8108) 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)MHCP = (3.0979460.15 ) x 10°

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

BR(BS -~ * - [x100]

BR(B; — ptp™)OMS = (3.05T4 PO 21021 ) x107° .
ATLAS, Dec 2018 (JHEP 04 (2019) 098) N
BR(B; — pt = )ATLAS = (2.8798) x 107° B

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)MHCP = (3.0979460.15 ) x 10°

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

BR(BS -~ * - [x100]

BR(B; — ptp™)OMS = (3.05T4 PO 21021 ) x107° .
ATLAS, Dec 2018 (JHEP 04 (2019) 098) N
BR(B; — pt = )ATLAS = (2.8798) x 107° B

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, ...
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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, ...
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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, ...

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
X2 = (6th — 6exp) . (Zth + Zexp)_l ° (6th - 6exp)
(Zen + Zexp)_l is the inverse covariance matrix.

198 observables relevant for leptonic and semileptonic decays:

o BR(B — Xs7) ® Ricx in2 '°‘(’)V g° bins
+ —
o BR(B = X47) @ BR(B = Kou¥u™)
ot
o BR(B = K*v) oB—>K,u,,u.BR,FH2 .
o Ao(B > K*y) o B— K*ete™: BR, F, A2, ARe
° BRIow(B N XS/J+/J'_) ° g—;K?N+Sﬂ_: BR, Fi, Arg, S3, Sa,
. 5, 57, 98, 99
o BRM&N(B = X;utp) in 8 low g2 and 4 high g2 bins
o BRIOW(B — X.ete™) e Bt — K**utu=: BR, F, Arg, Ss,
° BRhigh(B = Xsee™) 514’55|2<IV5(;2’ g?\'dSZghigh g2 bins
BR(B; = i)
° e ® B; —s ¢utpu—: BR, Fi, Ss, Sa, S7
® BR(Bs —+efe™) in 3 low g2 and 2 high g2 bins
o BR(By — putpu~
(. A 2) . o Ap — Autpu~: BR, Alg, A, Al
@ Rk in the low g bin F in the high g2 bin

Computations performed using Superlso public program
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Single operator fits

Comparison of one-operator NP fits:

All observables 2022
(X%M = 253.3)

‘ b.f. value ‘ in ‘ Pullgm
6Co —0.95+0.13 | 215.8 6.10
6Cs 0.82+0.19 | 232.4 4.60
ey —0.92+0.11 | 195.2 7.60
6Cro 0.08 £0.16 | 253.2 0.50
6Cs | —0.77+0.18 | 230.6 | 4.80
5Cl | 0434012 | 2389 | 3.80

§CfL | 042+0.10 | 2314 | 470
5Cl | —0.43+0.07 | 213.6 | 630

§C{ ., basis corresponds to §C4 = —5Cly.
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Single operator fits

Comparison of one-operator NP fits:

All observables 2022 All observables 2023
(X3 = 253.3) (x&y = 271)
‘ b.f. value ‘ in ‘ Pullgm ‘ b.f. value ‘ Xoin ‘ Pullsm

5Co | —095+£013 | 2158 | 6.10 5Co | —0.96+£013 | 2307 | 630
5CE 0.82+0.10 | 232.4 | 4.60 5CE 021+0.16 | 260.2 | 1.3¢
ey —0.92+0.11 | 195.2 7.60 8§ —0.69 +£0.12 | 240.4 5.50
6Cio 0.08 £0.16 | 253.2 0.50 6Cio 0.15+0.15 | 270.0 1.00
6Cip | —0.77+£0.18 | 230.6 4.80 6Cp | —0.18+0.14 | 269.3 1.30
5Cl | 0434012 | 2389 | 3.80 5Cl | 016+0.10 | 2683 | 1.60

§Cur | —0.54+0.12 | 249.1 4.70
6CfL | 0424010 | 2314 | 470 6CfL | 0.10+£0.08 | 2692 | 130
6C{y, | —0.43+£0.07 | 213.6 6.30 6Cl, | —0.23+0.06 | 257.4 3.70

§C{ ., basis corresponds to §C4 = —5Cly.
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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\; = 271.0
August 2023 (x2, =222.5; Pullsy = 4.70)
oG 0Cs
0.07 £0.03 —0.70 £ 0.50
3G 3G
—0.01 £0.01 —0.50 £1.20
0Co 3G 0Cio 3Cio
—1.18+0.19 | 0.06+0.31 | 0.23£0.20 | —0.05+0.19
Co, C</31 Co, Cé’z
—0.30+0.14 | —0.18+0.14 | 0.01 £0.02 | —0.03 +£0.07

@ Many parameters are weakly constrained at the moment

@ The global tension is at the level of 4.70 (assuming 10% uncertainty for the power corrections)
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Pullsym of 1,2,4,6 and 12 dimensional fit:

All observables ; August 2023

Set of WC param. | x2;. | Pullsy | Improvement
SM 0 271.0 — —
GCo 1 230.7 6.30 6.30
Gy, Cio 2 230.3 6.00 0.60
G, Gs, Co, Cro 4 225.3 5.90 1.70
Cz, Cs, Go, Cro, Coy, Cos 6 224.7 | 5.60 0.30
All WC (incl. primed) 12 2225 | 470 0.1

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

Nazila Mahmoudi Corfu - 31 Aug. 2023 23 / 31



Fit results for two operators

2D fits to all available data:

no_ e)
(G — G5
03
68% CL (2021)
B 95% CL (2021)
02 ==== 68% CL (2019)
— 95%CL (2019)
0.1
=
Vo 0.0
Q
=
-y
Q 01
')
-0.2
-0.3
-0.4
-0.4 -03 -0.2 -0.1 0.0 0.1
Hj~SM
6Cy/C3

2019: Run | results

sChycsl

(Cg - Cluo)

0.2

0.1

0.0

68% CL (2021)
95% CL (2021)
8% CL (2019)
—95% CL (2019)

-0.2 0.1 0.0 01

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—
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Fit results

2023 (pre-CMS)

68% CL (2023)
021 m 95% CL (2023)
=== 68% CL (2022)
= 95% CL (2022)
o1 --=- 68% CL (2021)
: —— 95% CL (2021)
So ==== 68% CL (2019)
o —— 95% CL (2019)
~> 0.0
13
Q
D
~0.11
~0.21
~0.4 —03 ~0.2 —0.1 0.0 0.1

[layle
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Fit results

Current situation (all observables, including CMS Aug. 2023)

Nazila Mahmoudi

&Chy/csy

0.2 1

0.1

0.0 4

—0.14

—0.2

68% CL (2023)
I 95% CL (2023)

-0.3 —642 -0.1 0.0

[layle
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Impact of the different sets of observables

Current situation (all observables, including CMS Aug. 2023)

Al b-sii

g2 €[0.1,6) GeV? bins
g% €16,8] GeV?2 bins

memm high g? bins

e LFUV ratios

— B -1l

0.2

0.1

0.0

&Chy/csy

—0.1+4

—0.2 4

—(;42 -0.1 E 0.1

[layle

-0.4
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Impact of the different sets of observables

Fit to universal Wilson coefficients

0.3

w— All b->stl

g2 €[0.1,6] GeV? bins
0.2 g2 €16,8] GeV2 bins

wmes high g2 bins
B g0l

0.14

0.0

6C10/CRY

—0.2 4

—0.3 4

-0.4 T T
-0.4 -0.3 -0.2 -0.1 0.0 0.1

6Co/CS™
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Pre vs. Post R\

Clean observables only

03 - 04
o b bl 68% CL (2023) 68% CL (2023)
m95% CL (2023) Clean ohservables = 95% CL (2023)
02 -- 68% CL (2022) 03 _ === 68% CL (2022)
—— 95%CL (2022) —— 95% CL (2022)
01
02
= )
o 00 2
9 Lo
g &
-01
3 8
00
-02
o3 -01
~04 -02
-02 -01 . ~03 -02 -01 00 o1 02
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03
Clean observables 68% CL (2023) Clean observables S5% CL (2023)
02 m95% CL (2023) m—95% CL (2023)
68% CL (2022) 02 === 68% CL (2022)
— 95%CL (2022) —— 95% CL (2022)
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Pre vs. Post R\

All observables

Nazila Mahmoudi

-0.4

04
68% CL (2023) 68% CL (2023)
All observables
:] 5% CL (2023) All observables = 95% CL (2023)
68% CL (2022) 03 68% CL (2022)
— 95% L (2022) 95% CL (2022)
02
a2
Q
< o1
2
Q
)
00
—01
02
4 03 0.2 0.1 00 01 ~03 02 01 00 01 02
sct/csM sCH /3
03
All observables 68% CL (2023) All observables 8% €L (2023)
= 95% CL (2023) m95% CL (2023)
68% CL (2022) 02 68% CL (2022)
— 95%CL(2022) — 95% L (2022)
01 -
=0 \
B3 00 PN\
% -
E}
E
G 01
i)
02
-03
-0.4
) 03 02 o1 00 01 -0a 03 02 o1 00 01
6Ch/ICsM 6Co/C§

Corfu - 31 Aug. 2023

20 /31



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™ observables 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™ observables 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
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Path to New Physics

We may be in such a situation:
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Columbus had Toscanelli's map.
It was terribly wrong, but served the purpose!
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