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Electroweak FCNC in b — s

@ Electroweak b — s transitions

» Suppressed by loop and V-
— decay rates of order 107° or less

* Tiny BSM contributions can enter at the
same order as SM amplitude

* Sensitive up to few(several) TeV
depending on BSM flavour structure

@ Excellent experimental probe
- my, > Agcp = perturbative calculations
- B is narrow and long-lived (75 =~ 1.5 ps)
* No neutrinos involved!
* Several complementary observables

- Several complementary decay channels
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angular analyses,
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Effective theory interpretation
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Experimental probes

() () () ()
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@ Radiative b — sy v

® Semileptonich - s€7¢~ | &

* Wilson coetficients are complex valued

* SM quark current mostly left-handed, but need to
constrain BSM right-handed Wilson coefficients C’

* SM is LFU but one should consider the lepton-
flavour dimension C¢ = C* # C*

(Today I won’t cover LFV b — s£¢)
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Radiative b — sy



Radiative b — sy

Left handed C, = C7SM + C%\IP Right handed C; ~ C§NP

® BB — Xy) x C72 + C§2 @ Mixing-induced CPV in

0 .
* 5% precise prediction [1] B — K¢r'y at B-factories

@ Al induced rate asymmetry

5 recise from B-factories [2]
fop in B, = ¢y at LHCb

(Very hard at LHCb)
@ Angular analysis of

A, = Ay at LHCb 14

- B — Kqny at B-factories — .
@| Transverse asymmetries in 5
- Tagged time-dep. analysis B = Vete™ at LHCb

of B; — ¢y at LHCb -> the most sensitive

@ Im(C;) measured with Aqp

[1] M. Misiak et al JHEP 06(2020)175 [4] LHCb PRD 105 (2022) 1.051104
[2] HELAV average of BaBar and Belle [5] LHCb JHEP 12 (2020) 081
[3] LHCb PRL 123 (2019) 081802 and JHEP 03 (2025) 047
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https://inspirehep.net/literature/1778760
https://hflav.web.cern.ch/
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2019-015.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2021-030.html
https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-020.html
https://doi.org/10.1007/JHEP03(2025)047

b— syinB — Vete™

v/ Use y* — ete™ to measure
photon polarisation!

v Getnice h"hte e™ final state

® Rate lower by a, .,

v/ About 500 B’ — K*ee v/ About 100 BY — ¢ee
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LHCb JHEP 12 (2020) 081 LHCb JHEP 03 (2025) 047
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-020.html
https://doi.org/10.1007/JHEP03(2025)047

b— syinB — Vete™

o B’ = h*h~e*e™ described by 3 angles

@ Photon polarisation measured with ¢

® COs 2¢ or sin 2¢p modulation would
signal right-handed contribution

LHCb JHEP 12 (2020) 081

2.0 T T T T | T T T T T T T T T T lE : ! ! ! | T :
: ' C LHCb E
I —— Standard Model g ]
- —==- New RH amplitude g ]
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No significant modulation observed
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-020.html

b — syin B’ —» K*¥ete™

LHCb JHEP 03 (2025) 047

95% CL constraints
1.0 :

Constraints at 2o
—— B(B — Xs7)

----- BY — K*%e¢te~ (LHCD)
BY — K*%¢te™ (Belle)

5

\\“ BY — Kgﬂ'o’y

O 0

= Bs — ¢y

~ A) — Ay
Global

—0.5 1

flavio v2.5.5

-1+t
—1.0 —0.5 0.0 0.5 1.0

Re(C7/Cr)

Martino Borsato - U. Milano-Bicocca


https://doi.org/10.1007/JHEP03(2025)047

Leptonic B, = ¢



Leptonic B, = u™u

@ A golden flavour physics channel
- Very rare 10~ BR (helicity suppression) B

* Precise 4% BR prediction (fully leptonic)

Beneke et al. JTHEP 10 (2019) 232
Kozachuk et al., PRD 97 (2018) 053007

+ box diagram involving neutrinos

@ Searched since the 80’s and firstly

observed in 2014 by LHCb+CMS PRL 128, (2022) 041801
(Nature 522 (2015) 68) S

~ F LHCb —*— Daa ]

S 40 — 9 fp-! Total ]
Current imental world f 2 e '
@ Current experimental world average o 5 BDT 2035 .
. . = 30 — B -
Br(B, — uu) has precision of about 9% % — By ]
N TN 77 N B—h'h" .
. o :/ 20 = X,—huv, -
® Measurements compatible with SM s F 4N 1l - .-
. < B . . i
— strong constraints on C,, Cgyand Cp =10 + """ Combinatorial - 2
= i i
8 :;::::: .... ,.+ ........... < Y . T»LT I 1 + I ;

O ........ - L Creel
— , ., . . v v v ]
LHCb: PRL 128, (2022) 041801 5000 5500 5000
CMS: PLB 842 (2023) 137955 m,., [MeV/c?]

ATLAS: JHEP 04 (2019) 098
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https://link.springer.com/article/10.1007/JHEP10(2019)232
https://journals.aps.org/prd/references/10.1103/PhysRevD.97.053007
https://www.nature.com/articles/nature14474

Other leptonic decays

@ Search for B, — puy (LHCb JHEP07(2024)101)
- Lifted helicity suppr, but pay a,,,
- Sensitive to both Cy and C;, but challenging
theory predictions

- Searched as par-reco contribution to B, — pu
analysis (covering high dimuon mass)

@ Search for B, — ee (LHCb PRL124,211802(2020))
- Further suppressed by (m,/ mﬂ)2

- Signal at current sensitivity would be a clear
sign of NP

- Br(B? - ete™) < 11.2x 1077 at 95% CL

@ Search for B, — 77 (LHCb PRL118(2017)251802)

- Lifted helicity suppression

- Difficult signature with at least two neutrinos
and no B vertex

- Br(BY —» 7777) < 6.8 x 107> at 95% CL
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https://inspirehep.net/literature/2774056
https://inspirehep.net/literature/2774056

Semileptonic b — s



LHCDb’s strength

B - K¥utu~

- Belle
~ 1999-2010 dataset
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But ~impossible at LHCb
to do B — Kvi and others
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2020-002.html

The B — K*uu dataset

JHEP 09 (2024) 026
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BY — K*uu angular analysi

LHCDb-PAPER-2025-041 (in preparation)

@ New comprehensive analysis measuring
model-indep angular observables in ¢~ bins

@ Using full Run 142 dataset (8.4/fb)

— doubled stat compared to previous analysis

d*r

dg? dQ dmg, I +1
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Spherical harmonics
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See CERN talks by
L.Carus and M.Smith
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https://indico.cern.ch/event/1571894/#143-lhcb-status-report
https://indico.cern.ch/event/1584446/

LHCb-PAPER-2025-041 (in preparation)

- e B dBr/dg? determined
G I _ r etermine
>0 LHCb 8.4 fb’' _ ot )
Q B _ simultaneously with the
O 0.15 SM from FLAVIO (BSZ:2015) ]|
= L ] angular shape
S, SM from EOS (GRVDV:2022) |
(_\'g 0 1% Prehminary - @ Allows result to be
i ) independent on the
© - ) angular distribution
— ==
0'05: == il =] @ Also provides full
| Confirmed undershooting SM | correlat.lon mat.rlx for
o global fits of Wilson coeffs
0 5 10 15
q? [GeV?/c*
BSZ:

[arXiv:1810.08132] )
JHEP 08 (2016) 00g] Check CERN seminar

GRvDV: for all preliminary

LEHPé(I; ?)é (éggg)) 5122]] results (plots, tables)
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https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCb-PAPER-2025-041 (in preparation)

Here a couple of examples of the fitted angular observables

/M ' I [ s T T T T T T T T T
2 . “ i -1 ]
- Doy -~ P i |__|SM from FLAVIO (BSZ:2015) -
SN—’ m | -
! % s @_:; 2= 0,2%":{" FE23 SM from EOS (GRvDV:2022)
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0 —— Op ]
H R | - @ = -
B k3 LHCb 8.4 fb’! _ oal = % b
I HH |__|SM from FLAVIO (BSZ:2015) | | ~ = |—:0:—|_}H
i B2 SM from EOS (GRvDV:2022) _0 .4 "“““"ggggggg; HH ]
_ N R S B _ I R B

050 5 10 15 0 5 10 15
¢? [GeV?/ct] g* [GeV?/c4]
@ Several fit configurations to extract max information with best
sensitivity (e.g. assuming or not m, = 0, allowing or not Acp) Check CERN seminar
for all preliminary
[Ba?)%i-V'1810 13 @ Also fitting optimised observables (e.g. Ps) results (plots, tables)

[JHEP 08 (2016) 098]
GRvDV:

[EPJC 82 (2022) 569]
[JHEP 09 (2022) 133]

Martino Borsato - U.

@ Shown here: fit with “partially massive model”
(S = 355 but §§ # — S7) and no CP assymmetries
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https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCDb-PAPER-2025-041 (in preparation)

@ Fitting also S-wave component and S/P
interference observables for the first time
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Martino Borsato - U. Milano-Bicocca

—
Lwn

“

L T ' | B U U (R o 5 i — T ' T T T T T T T T T ]
0.4 ,_I_._I_. LHCb 8.4 fb™! 4 = o4f LHCb 8.4 fb™! s
0.2 1 HH . 0.2 H .
# HH e amm ! = -
O ~ ] OF}_—| T = - 1
» n . : :~£ . 7]
~0.2F 5 a - ~0.2F 5 & -
i S = i S =4
04 Preliminary | § ~04C Preliminary | g
0 5 10 15 0 5 10 15
q* [GeV?/c] g [GeV?/c4]
T T T R " P EQ i — T T T T T T ]
0.4 LHCb 8.4 fb’! 4 = oab LHCb 8.4 fb™! ]
0.2 . 0.2 .
O—"I"--:“:I!—?—' '_I_' _ O_J_ |—I—|I HH + 1
R 2 n i 1 : 2 a T
~0.2|- e da - ~02f = 4 ]
B S > [ S >
~04- Preliminary ] ~04- Preliminary ]
L L L L | L L ! 1 | L L 1 1 | L L L L L L L | L L ! ! | L L ! ! | L L L
0 5 10 15 0 5 10 15

g [GeV?/c4]

g [GeV?/c4]

Check CERN seminar for all
preliminary results (plots, tables)
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BY — K*uu angular analysi

® CP asymmetric angular observables measured:

LHCDb-PAPER-2025-041 (in preparation)

no significant CP asymmetry observed
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@ New result consistent with previous LHCb measurement (superseded)

® Also consistent and more precise than latest CMS measurement (140 fb~1)
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LHCDb-PAPER-2025-041 (in preparation)
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The anomaly
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| _ 0 |
- / LHCDb 8.4 b i
—0.2- 2) [17] SM from FLAVIO (BSZ:2015)
i \\5 - B SM from EOS (GRvDV:2022) -
—0.41- - —— AC,=-0.93 FLAVIO (BSZ:2015)
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° ° \ﬁ\\\ \i
@ Improved description of data when

shifting Cy Wilson coefficient!
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The anomaly

Based on Hurth 2025, updated in Nazila’s talk

0.5
B° - K*™u*u~ ang. obs.
0.4 ] —= 20:LHCb [2025], config 2 (P{") w/o [6,8] GeV? bin
— — 20: CMS [2024], P w/o [6,8.68] GeV? bins
0.3 -
2 0.2 -
n S
O o1
N~
-
—
O oo
~0.1 1
_02 -
~0.3 - . T .
Approaching 50 with angles alone
SuperlIso
_0-4 1 1 1
~0.4 -0.3 -0.2 -0.1

ACy/C3M
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https://inspirehep.net/literature/2960183
https://indico.cern.ch/event/1558249/contributions/6728542/

S
b
@ Long distance contributions ;:v/\ﬁ c\_J¢
can mimic shift in Cy and are £+

not completely under control

theoretically ng (q 2) = Cgs ML A C9 ~+ H ﬂ(q 2)
k short distance long distance J
@ Steady progress in theory: D

* Recent reviews: Mahmoudi 2024, Gubernari 2024 B

* Long-distance triangle rescattering diagrams —
Ciuchini 2022, Mutke 2024, Gopal 2024, Isidori 2025

b*

* First framework for Lattice calculation Gagliardi 2025

@ Model-dependent fits of ACq + H ﬂ(qz) to data THEP 09 (2024) 026
- Amplitude analysis in full g* (including c¢ resonances)

- Hard to disentangle ACy and H ﬂ(qz), but the H ﬂ(qz) model used
does not completely account for the observed anomaly
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https://inspirehep.net/literature/2815365
https://inspirehep.net/literature/2777842
https://inspirehep.net/literature/2616314
https://inspirehep.net/literature/2801205
https://inspirehep.net/literature/2856264
https://inspirehep.net/literature/2954193
https://inspirehep.net/literature/2957686
https://inspirehep.net/literature/2795535

The lepton flavour dimension



The lepton flavour dimension

@ Using b — s to test lepton flavour
universality up to high energy scales

@ Hadronic uncertainties do not affect LFU
tests (modulo lepton mass)

@ Tested extensively in bsuu vs bsee

@ Ratios of branching fractions (e.g. Ry)
with several channels and g bins

- Latest is Ry at high g JHEP07(2025)198

@ Now tested also with angular analyses
\f’ﬁﬁﬂ of B - K*ee and B, — ¢ee
=== JHEP06(2025)140, JHEP07(2025)069

Ry g+

LFU hold to better than 5% in bsuu vs bsee
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1.4}

1.2f

LHCb Ri  low-g> = 0.99475%%
9 fb_l Ry central-¢> = 0.949100%
Ri low-¢® = 0.927 0%

Ry central-¢° = 1.0271007

]IfﬂL

t Data Y2 =1.6,p=0.812 0 =02
— SM

Phys.Rev.D 108 (2023) 3, 032002
Phys.Rev.Lett. 131 (2023) 5, 051803

Ry low-¢> Ry central-¢° Rp- low-¢° Ry~ central-¢?

— —— BY - K*Y%*¢™, LHCb 9 fb! /
: —_— BO N K*O’u+’u_, LHCb 4.7 fb_l [I
- JHEP06(2025)140 !
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https://inspirehep.net/literature/2918595
https://inspirehep.net/literature/2615989
https://inspirehep.net/literature/2615983

Searches for b — s7t

LHCD, arXiv:2510.13716

® b — st decays poorly studied because of experimental difficulties

® Models addressing b — s£¢ and b — c£v anomalies often predict
huge b — stz enhancements

@ New search at LHCb base on muonic 77 — uu + 4v final state
* Based on topology, kinematics and fit to ML classifier output

* One order of magnitude better sensitivity than previous searches!

Br(B® — K*77) < 2.5 x 10™* at 90% CL Br(B? = ¢r7) < 4.1 x 107*at 90% CL
wm 500—_ IR L A e wn L L L L + Data
= F T2 <mipein <992 MeV/2 ] 2 400E 080 < mee - < 1060 MeV /e
= ank 1 T [ 1 — Total fit
= 400F ¢ 4 = ¢ g
= F LHCb_1 1 £500F 0 e SM prediction x 10
O 300F 541h™ 4 O [ - . .
- : 200 - Semileptonic
2001 E i : Combinatorial
100 E 100 — Misidentified
- . - - Signal
010 | L ] (0] armti ! L ]
0.4 0.6 0.8 1.0 0.4 0.6 0.8 1.0
BDT output BDT output
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https://inspirehep.net/literature/3069971

Electroweak FCNCin b — d



b — d FCNC decays

o Afurther |V,,/V, |* = ~ 0.05
suppresion of decay rates w.r.t. b — s

- Starting to explore the b — d frontier

@ Leptonic B; — uu is almost at reach of
experimental sensitivity

@ BT - ntuu measured with Run 1
dataset at 13% stat precision

® Many ongoing b — dZ¢ analyses. We
are about to enter the precision regime
(time-dep, angular, ...)
— Stay tuned for upcoming results
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Candidates / ( 30 MeV/c?)
N~
(@)

%107

%107 PRL 128, (2022) 041801
- contours Icorrespond Ito 68%, 95|%, 99% CLI regions | | -
L LHCb _
- 447" A

NB*T - 7tuu) =94 + 12
- 1 " r 1 r 11T ™ [
3 Q LHCb 3.0 fb=! 3
% SCE IR B —mtutu —E
__________ B — K+M+M E
A + ................... B+%I_)0M+V _E
- L B —p" it =
3 Bi=fouww 3
; e Combinatorial .

0 E e R S o 1 ;

520 5400 5600 5800 6000

m(mrutn) (MeV/c?)
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Radiative b — dy

NB® = p%) =1917 + 71

® New: Precise measurement of B — py

300 ]HL LHCb 9 fb™!
=7 - ata
Br(B® = py) =(7.9+03+0.2+0.2) X 10 »soF- Eom
LHCb, arXiv:2507.14401 3 P

200

----- Combinatorial
-- B— ata(m)y
B"— K(K*n)y
B"— p°(w*m)a®
B— K*zn°
—— B)— ¢(x*n )y

..... B'— p%(x*a)n(yy)

® Preliminary: 3.50 Evidence for B) — K*y
LHCb-PAPER-2025-056 in preparation

150

Candidates / (20 MeV/c?)

100
* Enhanced resolution from photon conversions to

disentangle from B - K *y 50

B(B) = K1) 2 0 S0 6000
B(EZ—> p— =(3.7+1.24+0.4) x 10 (stat., sys.) m,.,., [MeV/c2]

for 796 < m(K~7") < 996 MeV/c?

NBO - ¢y) =32+ 11

. : . ~ T .
I]r31 e(r;c(:)eller}i :g;reement with SM prediction L 0 E L5 CHOh 6 o1
r - K™y 2 downstream B
§ _ (39 + 07) X 10—2 E 10° Kpagr . Prehmmary
Br(BY — K*y) S RSNt
(Ball 2007 with updated inputs) g 10 ‘ /// [
< OB
* More precise prediction technically possible R { 1 { ]l
thanks to excellent cancellation of hadronic > l
uncertainties 107 500 TUSs00 6000
m(K~ &+ y) [MeV/c?]
e Data Total fit OB -k ay —-B Ky
Comb. bkg. - =B KKy —e- A p Ky - B s maty

0 - 0 - 0 - 0 - -
B, =K &* a° By, =K n*n -= =By =K m*ete B,y > K n*mx*nm
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https://arxiv.org/abs/2507.14401
https://inspirehep.net/literature/733797

Conclusions

@ The LHCb experiment marked a new era for rare B decays
* Very large yields allowing more and more sophisticated analyses

* Probing large number of WCs to ever high precision,
most are far from being limited by theory or syst uncertainties

- Persistent anomaly in Cq under scrutiny: long distance? (e

ﬁim @ Many new results from 2025 presented today:

4

nu

-+ Comprehensive model-independent analysis of B — K*uu
- First evidence for BS — K*y and precise measurement of B - poy
- Tests of lepton universality in b — s£¢ angular analyses

- World-best upper limits on Br of B — K*rrand B, — ¢77

“Extraordinary claims require “Discovery commences with
extraordinary evidence” the awareness of anomaly”
Carl Sagan Thomas Kuhn
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Current LHCDb detector

https:/ /Ibgroups.cern.ch/online /OperationsPlots / index.htm

—_k
-

— 2025 (13.6 TeV): 8.06 fb™
— 2024 (13.6 TeV): 9.56 fb™"
— 2023 (13.6 TeV): 0.37 fb™"
—— 2022 (13.6 TeV): 0.82 fb™
— 2018 (13 TeV): 2.19 fb™
— 2017 (13 TeV): 1.71 fb™

(

(

(

@ Upgraded to run at 5 X luminosity

o
|

* Removed hardware trigger: reading
out full detector in real time (30 MHz)

6 —2016(13TeV): 1.67 b

o . . —1

* Real time ana1y31s allows more —2012(8 TeV): 2,08 fb”
2011 (7 TeV): 1.111b

precise and efficient triggering

Integrated Recorded Luminosity (fo™)

4 -
@ Upgrade II aims to collect 300/fb by
end of HL-LHC, installation by 2036 2
ol /v—’//|_f/

Mar May Jul Sep Nov
Month of the year
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BT — K™J/y to validate Run3 d

LHCb-PAPER-2025-040, in preparation

— T Tt 1 T Tt 't T v ' T 1
/ I Data
; Model
4 77 Signal
/ == BY*->atJly _
=== Combinatorial

ek
-
W

@ SM candle with no new physics
expected and large stat

ok
-
OV

@ Measured Apg and Fy; differentially
across kinematic using data from 2024
run with pileup y=5.3

/ LHCb 710.3pb~! ]
i %////ﬁf//ﬁ%
@ Systematics 5-10 times smaller than stat 200 5400 5600 5800
m(K=*u*u=)[MeV/c?]

[
-

Candidates / (6.50 MeV/c?)

@ Validated b — suu analyses with Run3

1 dr 3 Lo
— =—(1—FH)(1—cos Qf)+—FH+AFBcosef
[I' dcosf, 4 2
m i - 1. = . - ]
< 0.003 L Preliminary 15 0.006 | Preliminary . LHCb 1.1fb!
g 1 _ T E $ MagDown - K-
0.002f } 1 0004f ! P MoDown K+
i 1 i . ¢  MagUp-K-
0.001 F | - . 0.002 - ] i MagUp-K*
: : : ) 1 SM
0.000 "________I ______ l ______________________ N 0.000 === T """""""" ] MagDown
i - 1 : 1 MagUp
: I I | -0002f | -
~0.001 F — : |
: 4 -0.004
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Rare Kaon decays at LHCb

Observation of X7 — puu

@ At LHC pp collisions the kaon cross section is 100} 2‘21%_1
~ 2400 times larger than that of the b-quark 80 ~Daa
C B Y A/
6o |1t e Background

@ LHCb trigger not designed for kaons, but huge
improvements with Run2 and Run3

B~
)
T T

PRL 135 (2025) 5, 051801 ]

[\
(e}
T T

Candidates / (2.5 MeV/c?)

(e}
TT

@ LHCb now at the forefront of rare kaon: e T e 0
(i) Br(Kg — uu) < 2.2x1071%at 90% CL M IMEVI?]
(iD Br(Kg — puup) < 5.1 x 10712 at 90% CL Search for K° - ztz~u*u~
(i) New! Observation of X* — puu with T Piace  Eee T PaG | Eee
Br =(1.08 £0.17) x 1078 2 o 54 fb! S - 6'-I§1:jiifrgi_rl1ary N
(iv) Very new! Br(K — mmup) < 1.4x107°at90% CL < 4+ plobry =X ”
(v) Also anomalous decays of 7 and %’ to yuu and wrup g H 29
0- QS(I;‘O. LI.5120‘ . ‘54110. 0- S?)E)A * .520‘ . l5:10.
m(aautu) [MeV/c? m(arautu) [MeV/c?]

(i) PRL 125 (2020) 231801

(ii)) PRD108 (2023) L031102

(iii)PRL 135 (2025) 5, 051801
(iv)LHCb-PAPER-2025-045 in preparation
(v) LHCb-CONEF-2025-002

Martino Borsato - U. Milano-Bicocca
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Example of global fit

BR(B — Xsv)

Ao(B — K*v)
BRW(B — Xsutp™)
BRMeh(B — Xoput ™)
BRW(B — XseTe™)
BRM&h(B — Xsete™)
BR(Bs — putu™)
BR(Bs — eTe™)

Ry in the low g2 bin
Ri+ in 2 low g bins

R in low and high g® bins

@ BR(B— KOutpu™)

@ B— Ktutu~: BR, Fy

@ B— K*ete : BR, F, P]_72,3, P4/1,5,6,8’
in [1.1, 6] bin (LHCb)
and A®) in [0.008, 1.12] bin (Belle)

© B— K*utu~: BR, Fi, P123, Py5 63 Si S5, 5§
in low g2 and high g2 bins

@ Bt — K*+,u,+,u_: BR, F;, Arg, S3, S4, Ss, 57, Sg, So
in low g2 and high g° bins

e B; — qﬁ,uﬂ'pf: BR, F, 53, 54, 57, A(ﬁ)
in low g2 and high g2 bins

®© Ny — ApTp™: BR, ALy, Al AL F in high ¢? bins

@ B; — ¢peTe™ in low g? and high g2 bin

Martino Borsato - U. Milano-Bicocca

BR(B — K*7) Fit to 263 exp observables
using Superlso code

Based on Hurth 2025, updated in Nazila’s talk

All observables except [6-8] GeV? bins with x3,; = 321.6

(x3,;,, = 282.1; Pullgy = 3.90)

0(7 0Csg
0.06 £ 0.02 —0.74 £ 0.24
6 G 6 Cg
0.00 £0.01 0.50 £ 0.50
0 Co 6 Co 0 Cio 6 Cio

—0.87=0.16 | —0.22+0.21

0.08=0.19 | —0.01 =0.15

Co, Céh
—0.32+0.13 | —0.194+0.12

Co, C(/?z
0.03+£0.07 | —0.03+0.02
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https://inspirehep.net/literature/2960183
https://indico.cern.ch/event/1558249/contributions/6728542/

Comparison to unbinned LHCb analyses

£ £
ft 2\ — S
\CS,A (‘1 ) = GY+GyY + H,(q%) Y
- Flavio fit to binned analysis (8.4/fb): ACy = — O.94J_“8:%% (i)
- Model with z-expansion (4.7/fb): ACy = — 0.931“8:23 (ii)

- Local/non-local amplitudes (8.4/tb): ACy = —0.71 £0.33 i)
- Differences in ACy value and significance expected

- Non-local contributions effect very degenerate with ACy

(i) LHCb-PAPER-2025-041 (in preparation)
(ii) [PRL 132 (2024) 131801]+ [PRD 109 (2024) 052009]
(iii) [JHEP 09 (2024) 026]
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WC dependence of Br(B, — £¢)

3 +p— 1 Gpo? 12 £2 2 Mi | SsM 2
Br(Bs = 747 )sm = 17— 7. 1673 7B, | VisVip|“ f, MB,miy [ 1 — 4@”’10 u
_Ci—Ciy , Mg, my \[Cp—Cg
Foe == can 2 ( ) [ SM ]
10 my \Tny -+ Mg C].O
Sew=4]1—-4 m% M1233 ( my ) [Cg - Ca;]
N MLZ?S 2my \my + ms oot I
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BY — K*uu angular analysis

LHCDb-PAPER-2025-041 (in preparation)

Angular observables
S, : CP average
A, : CP asymmetries

d'r 1 .\ 9 — 2
_ = (1-15)— 2 (5= 4) (D] B7p (m g
dq2 d?i deﬂ F+T < S 641 Z ( i l)fz( ) P ( Kﬂ) m(Kyz') Txghc(;lte]y
1 i ) _ 5 mncludae
o 3 (5i-A)ASD) | B (i)
Measured also all S-wave and . lac,2ac
P-/S- interf b bl S F raY *
/ wave inter erenc;_owzf:;va es +§ Z %e/jm [(Sl . Al)f;(g)z%WS (mKﬂ) %WP (mKﬂ) ]
/> K(892) T 1be, S1-85
BY Kro= utp™
K (1430) @ Large number of parameters: 25 §; if allowing for
Kj(700) — S-wave massive leptons and scalar+tensor amplitudes

NR
® Several fit configurations to extract max information
with best sensitivity (e.g. assuming or not massless
leptons, allowing or not CP asymmetries)

Check CERN seminar

for more detail
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https://indico.cern.ch/event/1584446/

BY — K*uu angular analysi

LHCDb-PAPER-2025-041 (in preparation)

S, is sensitive to strong phases S¢ is sensitive to NP tensor or scalar
C/)l\ | ' ' ' | ] ' 1' [ ' ' ' ] O \O i T T T [ T T T ]
04 Ly U] - 0.4F LHCb 8.4 fb"! h
- [__|SM from FLAVIO (BSZ:2015) - ) [ SM from FLAVIO (BSZ:2015) -
0.2~ B8] SM from EOS (GRvDV:2022) 0.2 B2 SM from EOS (GRVDV:2022) —

';'l& 0_ L —| T - I
| ; a2 :
~ ~0.2f = S .
] i S =4 ]
-Preliminary g ~04- Preliminary N
! ! ! ! | ! ! ! ! | ! ! ! ! | ! | | A A | LY ! ! | ! ! ! ! | !

0 5 10 15 0 5 10 15

¢* [GeV?/ct) ¢* [GeV¥c4]
Check CERN seminar

for all preliminary
results (plots, tables)
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https://indico.cern.ch/event/1584446/

Amplitude analysis of BY — K*pupu

JHEP 09 (2024) 026
151 T X
Yy LHCH 8.4 fh1 s Total 2.0” e [Otal
0d 0 B Total, SM WCs || Total, SM WCs
] SM from GRvDV ng 15. SM from GRvDV
s
£ 1.0
=
Ay
0.5
3
0 2 4 6 & 10 12 14 16 18 o 2 4 6 & 10 12 14 16 18
¢ [GeV?/cH] q* [GeV?/cY
5' 'I""I'i"'l""lI
i LHCb8.4fb™"
Wilson Coefficient results —3r . ! )
Co 3.50 £0.28 £ 0.18 P il ]
Cio —4.02£0.18+0.16 = SR
Cy  0.28£0.41+0.12 L ) ]
Cip —0.0940.21 +0.06 o - ]
Cor (—1.042.6+1.0) x 10? ; |
-6, | | i | - [
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Future runs and Upgrade 11

upgrade 1 installation
/

you are here

202 2022 2023 2024 2025

J|FIMAM 1[3]Als|oN|D] 3] FIM[AIM] 3] 3|A[S|OIN|D| 3| FIMAM] 3] 3]A[S|OINID| 3| FIMIAIMI 3| 3]A]S|OIN[D] 3] FIM[AIM] 3] 3 |A[S|ON[D] J[F
Run 3

203 203 203 203 203 203

J[FMIAM 3| 3|Als|o|N[D] 3 FIM[AIM] 3] 3| Als|OIN[D] 3| FIM[AIM] 3] 3]AS|OIN[D] [ FIMAIM] 3] 3]AlS J|FIMAM 1] 3]Als|OND] 3| FIM[AIM] 3] 3]AlS|ONID]
Run 4 [Runs
upgrade 2 installation

2039 2040 2041

J[FIMAM] 3] 3]Als|oNID| 3] FIM[AIM] 3] 3] AlS|OINID| 3| FiM[AIM] 3] 3]AlS|OIN[D LHCb V1:

Last update: November 24

EYETS
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Shutdown/Technical stop

Protons physics
Ions

Commissioning with beam
Hardware commissioning

- 2010-2012 - Run 1, 7/8 TeV
- 2015-2018 - Run 2, 13 TeV
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Int.J.Mod.Phys. A 30, 1530022 (2015)

The LHCb experiment in Run 1-2

LHCb detector design

Huge o(pp — bbX) at the LHC

— 10'? b-hadrons in LHCb
acceptance in Run 1+2

Hardware trigger on object
with p exceeding 2-3 GeV
Displaced vertex identification
in software trigger stage
Dipole magnet with precise
tracking detectors 6,/p ~ 0.5 %

Particle ID with calorimeters,

muon system and Cherenkov
detectors (RICH)
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Zoom on pp collision point

Tracking
Stations

Magnet




