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Rare B decays

Rare B decays are excellent tools for

o Testing the Standard Model paradigms and parameters }

@ Probing New Physics at the intensity frontier

Semi-leptonic B decays: b — si/

- FCNC, suppressed in the SM, sensitive to NP

- Several deviations from the SM predictions

— Focus of this talk

- Relevant decays

- Theoretical framework

- The issue of hadronic uncertainties
- New physics interpretations

Nazila Mahmoudi IRN Terascale, Frascati - 15 April 2024 2/ 24



b — s¢¢ Observables

o Clean observables: Lepton Flavour Universality ratios

_ BR(B— Xptp)

Rx = BR(B — Xete~)
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_ BR(B— Xptp)

Rx = BR(B — Xete~)

o Angular observables:

Ratios of spin amplitudes: P;, P/, S;,...
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b — s¢¢ Observables

o Clean observables: Lepton Flavour Universality ratios

_ BR(B— Xptp)
" BR(B — Xete)

Rx

o Angular observables:

Ratios of spin amplitudes: P;, P/, S;,...

e Branching fractions:
BR(B — K*utu™)
BR(B — Kuu™)
BR(Bs = ¢utp™)
BR(Ap — Aptp™)
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b — s¢t¢~ transitions: B — K*putpu~

Angular distributions K-
The full angular distribution of the decay N N B \*&\

B° — K*%¢t0~ (K™ — K~ ") is completely \
described by four independent kinematic variables: " +

q* (dilepton invariant mass squared), 6;, O+, ¢

Nazila Mahmoudi IRN Terascale, Frascati - 15 April 2024 4 /24



b — s¢t¢~ transitions: B — K*putpu~

Angular distributions K-
The full angular distribution of the decay - B \},ﬁ

B° — K*%¢t0~ (K™ — K~ ") is completely \
described by four independent kinematic variables: " +

q* (dilepton invariant mass squared), 6;, O+, ¢

Differential decay distribution:

d*r _ij( 2 00,0 )
dg? dcosf, dcosbx-dp 32w q Ve, 0k~

J(q27 927 eK* ; d)) = Zi J’(qz) f}(efa gK* 5 ¢)
™ angular coefficients J1_o

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

Main operators:

e2 2

Os = oy (37" bu)(Pyul), Or0 = gz (37 bu)(Dyust)
Os = 153 (57b3)(I0),  Op = 155 (57bR)(Dysl)
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B — K*pu" = observables

Optimised observables: form factor uncertainties cancel at leading order

1 Join 99°[J3 + J3] 1 Jiin 992 [Jos + Jbs]
(Puvin = 5 71 (P2)bin = 2 05—
2 fbin dq [st + st] 8 fbin dq [JZS + J25]

1 - 1 _
Py)bin = —— dq?[Ja + J PL)pin = dq?[Js + J
(Pa)b N o G°[Ja + Ja] (Pé)n N7 Join q°[Js + Js]
-1 - — -
P§Ybin = =——— / dg?[J7 + J7 Pg)bin = / dq?[Js + Js
(Ps) N Join [ ] (Pg) N o [ ]
with

Min = \/f Join 0Pl J2s + J2s] [y, da?[Jac + J2c]

+ 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:
Jigs,c) + Jigs,c) , . Sas.8

Sf:i‘y P4,5,8_7
L+ V(A= F)
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Tension in the b — syt~ Branching Ratios

- 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!

Nazila Mahmoudi
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Tension in the angular observables

B® — K*°u" 1~ angular observables, in particular P / Ss

e 2013 (1 fbfl)i disagreement with the SM for P> and Pé (PRL 111, 191801 (2013))

SM Predictions

+ o

20
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3.70 deviation in the 3rd bin
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Tension in the angular observables

B® — K*°u" 1~ angular observables, in particular P / Ss

e 2013 (1 fbfl)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)

T T M oA I T T T 1
& og  LHCb swprescions ] i LHCb i
0.6/~ 1 n preliminary |
05

g':f+.+ o ] }-{V- I SM from DHMV
Tl o] [ ]
02 _+_ i [ ]
o4 7 -05:— T++ E
0.6~ . SE 1
Y E I S

0 s ) 15 26 "o s 10 s
q2 [GeVZ/c4] ¢ [GeV e
3.70 deviation in the 3rd bin 2.90 in the 4th and 5th bins

(3.70 combined)
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Tension in the angular observables

B® — K*°u" 1~ angular observables, in particular P / Ss

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

@ Dec. 2015: 2 analysis methods, both show the deviations (sHEep 1602, 104 (2016))

o o T T T 8l

T 4 LHCb

T T 3
A [
LHCb S Predictions s LHCb ] SV from ABSZ
preliminary | ?&
[

-+- Data 05} SM from DHMV E 1
F + l 1 T_—F 4 =
1+ :
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o
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by
LI N I

E 4 -0.5— —
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0 5 10 15q ) [Gevzlio“] £ 1GeVe] i+ I SV from ABSZ
3.70 deviation in the 3rd bin 2.90 in the 4th and 5th bins

(3.70 combined) -#H+ ++
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Tension in the angular observables

B® — K*utpu~

e 2013 (1 fb~1

angular observables, in particular P / Ss

)Z 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)

@ Dec. 2015: 2 analysis methods, both show the deviations (sHEep 1602, 104 (2016))

T N oae I . ; .
B LHCb SM predictions 1= L LHCb
oF T 0.5 preliminary 1
ng*. 4o ] }-{V- I SM from DHMV ]
| E) N U U U ———— E ]
g 1 ¢ T+
ol ] 0.5 + ]
0.8 —+— + . [ + —*7:
0 s T 15 2 "o s 10 15
q2 [GeV¥c] & [GeVYeH]
3.70 deviation in the 3rd bin 2.90 in the 4th and 5th bins
(3.70 combined)
[ e e
Belle supports LHCb o = Sronomy
)
(arXiv:1604.04042) B %
. ol 1L
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Nazila Mahmoudi

o B 0 15
A2 (0aV2 o

IRN Terascale, Frascati -

2

15 April 2024

of

* LHCb ]
¥ B SM from ABSZ
=
-t
[ N
08 ]
9 LHCb

4

I SM from ABSZ

-#HJF i

. Jf

q [Gevzlc‘]

3.40 combined fit (likelihood)

7 /24



Tension in the angular observables - updates

PL(B® — K*°u* ;i) Current situation

s T T T
o’ 1F = -
LHCb Run 1 + 2016 e o e w 4+ Total
Q 51 SM from DHMY 7 () 051! SM from GRvDV
09 E 05 ATLAS19 (BY) ~+ Total, SM WCs
LHCb20 (B")
o, = LHCb'20 (B') 0.
= ASZB
- DHMY -+ LHCD 8.4fb~"
_ —o5] . L Preliminary
03 o T T
' —t T
10
] = T
= T —
5 2 L ll!) 12 15 18 0 2 4 6 8 10 12 14 16 18
o [GevTc] 7 [GeV2/et] ¢ (GeV?/c)
Phys. Rev. Lett. 125, 011802 (2020) ATLAS-CONF-2017-023 Moriond QCD 2024

CMS-PAS-BPH-15-008
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Tension in the angular observables - updates

PL(B® — K*°u* ;i) Current situation

- o T

a” 1 " i B -
LHCb Run 1 + 2016 too O e w B +  Total
m 51 SM from DHMY 7 () 051! SM from GRvDV
09 05 ATLAS19 (BY) ~+ Total, SM WCs
J—« LHCH20 (B}
[ . LICh20 (B') 0.
= ASZB
- DHMY -+ LHCD 8.4fb~"
» —osd , L Preliminary
e +
| —t T
> = f T - ] T T T ;
5 10 B, 2 80 w151 0 2 1 6 8§ 10 12 11 16 18
o [GevTc] 7 [GeV2/et] ¢ (GeV?/c)
Phys. Rev. Lett. 125, 011802 (2020) ATLAS-CONF-2017-023 Moriond QCD 2024

CMS-PAS-BPH-15-008

First measurement of B — K*" ;" i~ angular observables
using the full Run 1 and Run 2 dataset (9 fb—1):

15 15
LHCb
1F k| 1F —~+ Data 91! 1
, SM from DHMV
05 - 4 —— 05 SM from ASZB ]
& ool al 1 | S ] T
05 # LHCb 4 05 %2
—+ Data 91! el
af SM from DHMV ] GF T ]
} SM from ASZB
15 5 10 15 I

15
2 [GeVYet]
Phys. Rev. Lett. 126, 161802 (2021)
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Lepton flavour universality ratios

Lepton flavour universality in BY — K*¢1¢~ o 20
LHCb
Rk = BR(BY — Ktputu~)/BR(BT — KTete™) SF
@ SM prediction very accurate: R;S(M = 1.0006 4 0.0004 10 1L ] - I
@ March 2021 using 9 fb—1 o5k [ e
B © LHCb9 !
RCP = O.846t%’%‘§29(stat)t%’%llz (syst) o ) ) . .
0 5 10 15 20 -
@ 3.10 tension in the [1.1-6] GeV? bin LGVl

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

Lepton flavour universality in BT — KT¢T¢~ &

Rk = BR(B™ — KTutp™)/BR(BT — KTete™)
@ SM prediction very accurate: R;S(M = 1.0006 4 0.0004 10 |

= BaBar

@ March 2021 using 9 fb—1 o5k [ + Belle

* LHCb9 o'
R;XP = O.846t%’%‘§29 (stat) t%%lé (syst)

5 10 ]I5 20 ,
@ 3.10 tension in the [1.1-6] GeV? bin 7 1GeVe]

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~* I I
@ Two g2 regions: [0.045-1.1] and [1.1-6.0] GeV? “”%_;_ ]
05F LHCb 1

R P = 0.66 1G5 (stat) & 0.03(syst) e | | e
” Y e

RZPPIN2 — 0.60+01L (stat) + 0.05(syst)

@ 2.2-2.50 tension in each bin

Nazila Mahmoudi
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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

14l LHCD R lowg® = 0994409
9fh1L Ry central-g> = 0.949+00%8
. R low-q? = 0.927°0%%
12 0.077

Ry central-g® = 1.027*0{)

1 Data
— SM

X2 =16,p=0812,0 =02
0.6

Ry low-g> Ry central-? Ry low-g> R~ central-g*

LHCb, PRL 131 (2023) 5, 051803, PRD 108 (2023) 3, 032002

@
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Lepton flavour universality ratios

Two other LFU measurements (October 2021) with 9 fb~*:
BT — K*"¢t¢~ and B® — K2t

Ry»+ = 0.7079 38 (stat) 993 (syst) and Rxe = 0.66793% (stat) ™92 (syst)

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

T
R, Belle
—_—
1.1< g2 <60 GeV¥c*
R, Belle
—_—
0.045 < g> < 1.1 GeV¥c*
Ry Belle
—_— ]
1.0 < g2 <60 GeV¥c*
. Ry LHCH 9 fb"
0.045 < ¢ < 6.0 GeV¥ ¢
Ry LHCb9 b
1.1< g2 <60 GeV/c*
L
0 1 2 3
s B Lott, 126 (021 161601, JHEP 05 2021) 105 Ryer
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Lepton flavour universality ratios

Two other LFU measurements (October 2021) with 9 fb~*:
BT — K*"¢t¢~ and B® — K2t

Ry»+ = 0.7079 38 (stat) 993 (syst) and Rxe = 0.66793% (stat) ™92 (syst)

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

T
R, Belle
—_—
1.1< g2 <60 GeV¥c*
R, Belle
—_—
0.045 < g> < 1.1 GeV¥c*
Ry Belle
—_— ]
1.0 < g2 <60 GeV¥c*
. Ry LHCH 9 fb"
0.045 < ¢ < 6.0 GeV¥ ¢
Ry LHCb9 b
1.1< g2 <60 GeV/c*
L

0 1 2 3
i e o 10, Ry

More measurements to come:
B » pttt™, B nltt, B— Krta 4t ...
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CMS measurements

First Rk measurement by CMS:
CMS, 2401.07090

MS preliminary Upto 416 fb (13 Tev)
~x 25
£
— — Statitical only //
2 Statistical + Systematic
—— SMprediction y

Rk = 0.787% 45 (stat) 7592 (syst)

w

T e I

Profile of -log(L/L
e
@

Uncertainty dominated by the low
stats of B — Kee

05 1 15 2

25
R(K)*

Differential BR measurement of B* — Kty ™ :

%10 CMS Preliminary 33.6 fb¥(13 TeV)

LN HEPFIT

0] 60— FLAVIO

o L £os
o —e— 0aa

o

o

Q %

L —_—

0 5 10 15 2‘0 2‘5
¢ [GeV]]
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Hadronic effects and theory uncertainties
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Theoretical framework

Effective Hamiltonian for b — sé/ transitions: Heg = Hig + Hok

Mgt = — 2LV Vi [Ciy 6 GO+ GaOs] Ml = — 5 Vi Vit [Z;:7,9,10 o O'gl)]

f f
b s Cs Cy b Coo s
b s o
g b s
q q v s
2
e 1w nl
Og ¢ (3T O &L B) Os o (5 M TP b) G, Or = g5 Pa)Fr O = (1,—) (39" PLb)(P7,0)
e
036 (5 T'm b) 24 (T ) O = T GV PLb) ()
gp  chirality flipped operators (07)

Most relevant for (semi-) leptonic decays

Short-distance effects: Wilson coefficients Ci(u)
o Calculated perturbatively up to NNLL o Contain all the contributions from scales > u
Long-distance effects: matrix elements of operators (O;) :

o Require non-perturbative methods o Introduce the main theoretical uncertainties
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Theoretical framework

Effective Hamiltonian for b — s¢/ transitions: Heg = Hia + Hok
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Theoretical framework

Effective Hamiltonian for b — s¢/ transitions: Heg = Hia + Hok

(K ¢+ ¢~ |HEL| B):

=) B - K" form factors V, Ay, , Ty 3 or alternatively ¥, T3, S (1 = helicity of k)

Helicity amplitudes:

B -, m3 211, ~
Hy () = =i N (Co = COTa(e?) + "2 [T — T |

Ha(\) = =i N'(C1o — Clo)Vale?)

o (2meny,, § ms\ =~ -
HI’:’~\/{+I(( 10 = C in)(|+ )5(11'7)}

q my
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Theoretical framework

Effective Hamiltonian for b — s¢/ transitions: Heg = Hia + Hok

(K*¢*¢~|HB39|B):

Hefa}d contributes to b — s¢ through virtual photon exchange = affect only the Hy (1)

mp

Hy(\) = —i N’ f‘)”"
VA= 1 ¢* Lmp

——

s
=
—~—
—~
~—
——
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Theoretical framework

Effective Hamiltonian for b — s¢/ transitions: Heg = Hia + Hok

4G
Hhad = =By ,\{ Moo (/,)()1,/)+(\(//)()\(,/)]

vz el g

(R*f+£’_|H:§d|B) Ahul 17/(14“7,¢,x<(+(7| jemlent (33(0) x /(141/(1111/<1\/\|1{/un]n(lu (yyH12 ()} B)

In general “naive” factorization not applicable

my r2m 1
Hy(\) ~ —i N'{ b 1
! ! q? ‘ mg J
HA(N) iN'
L (2 memy m 1
Hp = iN'{ ( )(1
p=iN{= (1) 5
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Theoretical framework

Effective Hamiltonian for b — sé/ transitions: Heg = Hiad + H

; 4(7
'H‘l.l&“‘l \[ u,‘,\[ Z Ci(p)Oi(p) + ¢ \[//)()\(/I)]

i=1...6

(K oo~ |Hhad|B) Ahu]

Fi— (| 2)]0) x /(I—lyf,lq-y<l§»;‘T{J-un.lmd.;l(!/)Hk;i\_(l((J)}|B>

2
— )—_)e“L’\'-[ Y()Vy +LOin 0( Ay INCD) ]
q- n, Exce
fact.. perturbative _non—fact., QCDf power corrections, unknown
(¢ ( Y(q?)) 'III ) ’-/
" / i
Helicity amplitudes: ¥ v

2 -
Hy () = =i N'{(C5" = CiTa(e®) + 22 [Z22(c5" - epTa(e?) - 167 Na(a?)] }
q- mp

Ha(\) = =i N'(Cro — Clo)Vald?)

I ; \,,{ )nl,nu,
p=iN{ZT—2

(O = W (1+22) 5}

ny
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Local form factors

o At high ¢°: computed on the lattice
In particular for: B — K(*) and Bs — ¢

o HPQCD (2013/2023)
o FNAL/MILC (2015)

e Horgan et al. (2015)
o HPQCD (2023)
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Local form factors

o At high ¢°: computed on the lattice
In particular for: B — K(*) and Bs — ¢

o HPQCD (2013/2023)
o FNAL/MILC (2015)

e Horgan et al. (2015)
o HPQCD (2023)

o At low g*: (mostly) Light-Cone Sum Rule (LCSR)

— Challenging systematic uncertainties
o Bharucha, Straub and Zwicky, 1503.05534
e Khodjamirian/Rusov, 1703.04765
o Gubernari, Kokulu and van Dyk, 1811.00983
o Carvunis, FM, Monceaux, 2404.01290
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Impact of B — K* Local Form Factors

Fit to B — K*put branching ratios at low ¢°

15
Br [1], x?/ndf =0.11
10
0.5
]
8
0.0
-05
-10
-is ~1o 05 00 05 10
c
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Impact of B — K* Local Form Factors

Fit to B — K*put branching ratios at low ¢°

Br [1], x?/ndf =0.11
Br [2], x?/ndf =0.23

— Large sensitivity to local form factors

— Significant impacts on the fits!
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New Physics interpretation?

Many observables — Global fits of the bs¢¢ data

Relevant Operators:

07,06, 05) ., 0%, . and  Os.p) o< (51br) (U1, 75)E)

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

G(p) = C™M(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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Global fits

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 — Ax <1 + ak exp(lqbk) =+ 6 G V2

bk exp(r@k))
|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 _ (o’th B o“exp) . ():th + Zexp)71 . (O"th o O‘exp)
(Xen + Zexp)*l is the inverse covariance matrix.

173 observables relevant for leptonic and semileptonic decays:

@ BR(B — Xs7) @ Ry« in 2 low g2 bins

o BR(B — X4v) ® BR(B — K%u"pu™)

e BR(B — K*~) ® BR(B — K*utu~)

° AQ(B—) K*'y) ° BR(B ~>0K*e+e_)

@ BRW(B — Xoputp~) @ B— K*utu~: BR, Fi, Arg, S3, Sa,
hish S5, 57, S8, So

e BRMeN(B — Xoutp™) in 8 low g2 and 4 high g2 bins

@ BR°“(B — Xsete™) e BT — K**utu~: BR, F, Arg, S3,
i _ Sa, Ss, S7, S8, S

° BRUEN(B —>+Xs_e+e ) in45 IcSJW (;2 a?\d 29high g2 bins

® BR(Bs = u"u7) e Bs — ¢u+u_: BR, F;, S3, S4, S7

@ BR(Bs — ete™) in 3 low g2 and 2 high g2 bins

T
® BR(Bg —utu™) o Ap = Autu=: BR, Aly, Alg, A
@ Ry in the low g2 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:

Fit to only LFUV ratios and Bs,g — VAN

pre-Ry(x) update (x3,; = 30.63) post-Ry(«) update (x3,; = 9.37)
b.f. value ‘ X2 | Pullsy b.f. value ‘ XZin ‘ Pullsm
0Cs 0.83+£0.21 10.8 4.40 0Cs 0.17£0.16 8.2 l.1lo
o'y —0.80+0.21 11.8 4.30 o'y —0.18 +0.16 8.1 l.1lo
0Cso —0.81+0.19 8.7 470 0Cso —0.15+0.14 8.3 110
5Cly 0.50+£0.14 | 16.2 3.80 5Cly 0.15+£0.12 7.7 1.30
0CEy, 0.43+0.11 9.7 4.60 0CEy, 0.08 +0.08 8.2 l.1lo
5Ct, | —0.33+£0.08 | 12.4 430 5Cl, | —0.09 £+ 0.07 7.7 1.30
6CfL basis corresponds to §C¢ = —5Cf°.

T. Hurth, FM, S. Neshatpour, PRD 108 (2023) 11, 115037
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Single operator fits

Comparison of one-operator NP fits:

Fit to all observables

post-R,() update (x2,; = 271.0)

b.f. value ‘ Xin ‘ Pullsm

0G —0.02+£0.01 | 267.2 1.90
6Cq, | —0.04+£0.03 | 270.3 0.80
6Cq, | —0.01£0.01 | 270.4 0.80
0Co —0.96 +£0.13 | 230.7 6.30
6Cio 0.15+0.15 | 270.0 1.00

With the assumption of 10% power corrections

T. Hurth, FM, S. Neshatpour, PRD 108 (2023) 11, 115037
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Two operator fits to to all observables

04
68% CL (2023) ——— 68% CL (2023)
5% CL (2023) [ Al observables | = 95% CL (2023)
- 68%CL(2022) 03 68% CL (2022)
— 95%CL(2022) — 95% CL(2022)
02
20 2
Q <
-3 w2 ot
L Q
o o
00
01
04 02
Zoa EH) ED E 00 01 Zos E) X 00 01 02
Hy~SM HjCSM
6CH/CS 6C1o/CRo
03

68% CL (2023)
m—95% CL (2023)

68% CL (2023)

All observables
= 95% CL (2023) { )

(Al observables )

==== 68% CL (2022) 02 68% CL (2022)
gyt kG
01 o1
32 o)
G, G
= 2
Q Q -0a1
o o
-01 —02
3
02
s
e L R T T —
HicSM SM
sc4/cs 6Co/CS

With the assumption of 10% power corrections

T. Hurth, FM, S. Neshatpour, PRD 108 (2023) 11, 115037
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Two operator fits to to all observables

Impact of different sets of observables:

03
s All b-sstl s All oSt
m—? €(0.1,6] GeV? bins g €[0.1,6] GeV? bins
4% €(6,8] GeV? bins 0.2 q? €16,8] GeV?2 bins
s high g2 bins s high g? bins

s LFUV ratios
B oIl

s B, gl

6CHIC3Y!
6C10/CSY!

-0.2 -0.1 . . -0.4 -0.3 -0.2 -0.1 0.0

6CEICs™ 6Co/CSM

With the assumption of 10% power corrections

T. Hurth, FM, S. Neshatpour, PRD 108 (2023) 11, 115037
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Conclusion

@ Several persisting deviations from the SM predictions in b — s¢/¢ transitions since
2013

@ Cy continues to be the Wilson coeffcient which can include most of the NP effects

@ LFUV components are mostly suppressed
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Conclusion

@ Several persisting deviations from the SM predictions in b — s¢/¢ transitions since
2013

@ Cy continues to be the Wilson coeffcient which can include most of the NP effects

@ LFUV components are mostly suppressed

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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Backup

Backup
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B — DMy

T T T T 68% CL bontours

B LHCh
025
F World Average ]
0.2  $HFLAV SM Prediction R(D) =0.344 +0.026,,, —
r R(D) =0.298 +0.004 R(D*) 0 285 +0.015,, E
r R(D*) =0.254 +0.005 F’(x ) zg% ]
PO [N TN SR TR TR NN TR S T T 1 1 4
0.2 0.3 0.4 05
R(D)
Nazila Mahmoudi IRN Terascale, Frascati - 15 April 2024
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MSSM and G

Contributions to Co can come from Z and photon penguins, and box diagrams

R 3

PMSSM: PMSSM with non-minimal flavour violation:
PMSSM
s : : ——
b e
Hoswc.
05— Heswecr. -
Weswco.
ol e
0.51- |
1 | ! L
0.2 o 0.2 P E 0 -08
8C, 8Co(mp)
FM, S. Neshatpour, J. Virto, Eur. Phys. J. C74 (2014) no.6, 2927 M.A. Boussejra, FM, G. Uhlrich, arXiv:2201.04659
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