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Standard M ur problem
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 Multiple free parameters in the SM: CKM matrix d s b
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spanning several orders of magnitude
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* Intimate connection with the Higgs and its /
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Accidental symmetries as New Physics (NP) probes

 The SM Lagrangian, considered as an effective field theory, can be written as

Log=LM 4+ M 4+ oM 4Ly

gauge Higgs Yukawa
N—— —.
d=4

» Global flavour symmetries of the d = 4 part regarded as accidental symmetries that arise as indirect
conseguences of the field content and the SM gauge symmetries

* Processes that are interested by these symmetries are excellent laboratories to search for New Physics (NP)
since the underlying theory might violate them
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Accidental symmetries as New Physics (NP) probes

(LFY
N » Arises due to smallness of Yukawa terms w.r.t. weak |

{ « Violation of lepton family number (LFV) arises from { coupling constants

| d = 5 operators — related to neutrino masses | V2m,

i L ~0(1072 - 10" « g, g

le  Due to their smallness, LFV processes are predicted to | W)

| have very small BF in the SM 0(1()—50) lower than any | |* Within the SM, only kinematic effects due to lepton
exp. sensitivity | L masses distinguish their flavour
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Probing cLFV and LFUV in b — s££" transitions

* Flavour changing neutral currents (FCNC) involving the third quark family are extremely interesting
NP probes since they are:

» Initiated by a b quark which is heavy (various final @
states accessed) and long lived (rel. easy to detect)
@ »
@
@
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Probing cLFVand LFUVin b — s£7" () transitions

* Flavour changing neutral currents (FCNC) involving the third quark family are extremely interesting
NP probes since they are:

» Initiated by a b quark which is heavy (various final SM
states accessed) and long lived (rel. easy to detect)
* | oop induced and CKM suppressed in the SM @

(BF of order ~ 107 — 107):

NP contributions of same size as SM could modify
decay properties (e.g. enhancing/suppressing NP
branching fractions)

* Probe higher energy scales than direct searches (o @
order 1 ~ 100 TeV)
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talk:

« Test of LFU with FCNC decays of b-quarks into light leptons . Search for cLFV decay B — K Yze

©- v@/D < O,

PRL 134 (2025) 12, 121803
PRL 134 (2025) 18, 181803 [arXiv:2506.15347]
arXiv:2505.03483]

e =__ __ — S — = = - S— —

S FLocent LHCb results on: o | - - I *T
‘ « BF and angular analyses of b — s£¢ and b — d£¢ decays see [L. D. Carus’ talk] 1
| * LFU decays involving flavour Changlng charged currents (FC) eABea S talk] o
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https://indico.in2p3.fr/event/33627/contributions/154553/
https://indico.in2p3.fr/event/33627/contributions/154533/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.181803
https://inspirehep.net/literature/2918595
https://inspirehep.net/literature/2936547

The LHCDb detector (Run1i,2)

 Forward arm GPD
iInstrumented In the region

where o(pp — bbX) is
maximal

e In Run1+2, 100 thousand bb

pairs per second produced In
LHCb acceptance

* Excellent vertexing and PID
capabilities to identify and
reconstruct rare decays of

displaced b-hadrons
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Analyses presented in this
talk are performed using:

~ 3fb~1in2011- 12
~ 6fb~!in 2015-18
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Particle identification

EPS-HEP - Exploring Lepton Flavour with b-hadron Decays at LHCb


https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

 SM distinguishes flavour only for mass effects, hadronic 4L LHC Ry low-g® = 0.994+00%

contributions are LFU  9fp! Ry central-q? = 0.9497( %
: : ] R+ low-¢> = 0.927700%
— the value of RHS IS predicted to be very close to 1 for /e 1.2 Ry contrakg® — 1.0277007
ratios. oo . |
q2 = momentum transfer to the pair of leptons Q§ LOT ! i | 1
4z o dB(B—HasuTu™) 5.2 0.8F B
A% - dq [EPJ C76 (2016) 8 440] :
_ " 9min 4 S: 1+ ©® 10—2 ' t Data Y2=1.6p=0812 06 =0.2
RHS o 92 ox dB(B—Hgsete™) 7 o o ( ) 0.6 ~ — ©SM
iy o dq QED G [PRL 131 (2023) 051803]

RK IOW_QZ RK Central—q2 RK* 1OW—q2 RK* Central_QQ

* Recent results from LHCb are in agreement with SM predictions within uncertainties, no competitive
measurement of LFU ratio from LHCb above charm resonances, until now.

» Important to keep testing LFU with b — s£¢ processes involving different spectator quarks to fully
exploit collected dataset and reduce orthogonal systematics
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https://arxiv.org/abs/2212.09153
https://epjc.epj.org/articles/epjc/abs/2016/08/10052_2016_Article_4274/10052_2016_Article_4274.html

Strategy for Ky measurements at LHCD

ECAL
* Experimentally challenging as sensitive to (/e detection differences (e.g. ogne!

trigger strategy, PID) + different occupancy — tighter requirements for e Y

Upstream g Downstream

» Significant energy loss to bremsstrahlung photons from e, mitigated by e b "
recovery algorithm

— Degraded mass resolution and reconstruction efficiency for e w.r.t. u Air

Ry, — NHpp) e(Hee) [ NHI/P(pp)) e(HI/p(ee)) .
* N(Hee) e(Hup) /| N(HJI/(ee)) e(HJI /P (up))
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"T/ dq’ /
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* Experimentally challenging as sensitive to (/e detection differences (e.g. ogne!

trigger strategy, PID) + different occupancy — tighter requirements for e Y
Upstream /,/’/’Downstream
* Significant energy loss to bremsstrahlung photons from e, mitigated by rem =" p b”f‘fv
recovery algorithm e
— Degraded mass resolution and reconstruction efficiency for e w.r.t. u Air
Ry, — NHpp) e(Hee) [ NHI/P(pp)) e(HI/p(ee)) :
' N(Hee) e(Hpp) [ N(HJ/p(ee)) e(HI/¢(pp)) ,
dI’
7 e

- Efficiencies e

- Obtained from maximum likelihood fits to ,
- the B invariant mass

i+ Excellent control of efficiencies in
simulation thanks to double ratio w.r.t.
control channels

f * Use data-driven techniques to obtain

'.;  Standard candles since these decays | - - q* = 4m; _ =g
f e j robust and conservative estimate of u u U > U
. are known to be LFU within 0.4% [PDG] } B KT S KT

-, L } W
A\  background contamination 5
v/Z Tl B
b < <

L
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https://pdg.lbl.gov/2020/tables/rpp2020-tab-mesons-c-cbar.pdf

- First LFU test in B) decays:

 Measurement performed in low, central and high q2 regions

« Background is significantly reduced thanks to narrow width of ¢

- =0997£0013

v j
b z
v =

* First LFU measurement at high qz: challenging backgrounds due to vicinity of phase-space endpoint
and charmonium resonances leakages
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121803

2 f
 First observation and measurement of BF of BS — gbe+e_ decays %04_
1

« Results are compatible with SM, uncertainty on R(;l is statistically

dominated, main contributions to systematic come from
misidentified background estimate

q? [GeV?/c?] R, dB(B%— ¢ete™)/dg? [1077 GeV2c]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121803

LFU ratio with BS 1174 ays [PRL 134 (2025) 12, 121803]
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« [he differential BF B;) — e~ e is obtained by combining RCZI
with dB(BY — ¢u*pu™)/dg?/B(BY — J/yg)
[PRL 127 (2021) 151801] and B(B) — J/w¢) [PDG]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.121803
https://doi.org/10.1103/PhysRevLett.127.151801
https://pdg.lbl.gov/2020/tables/rpp2020-tab-mesons-c-cbar.pdf

LFU ratio with B™ —

* First LFU test in these decays:

~(7¢” decays

Measurement in central-g%: 1.1 < g < 7.0 GeV?/c?, inclusive in

1.1 < m(Krr) < 2.4 GeV/c

 First observationof BT - K zxtn"e

* Result is compatible with SM

» Still dominated by statistical

uncertainty

 Main systematics contributions
come from mis-ID background
shape and contamination estimate
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.181803

LFU ratio with B¥ — K*£*£ : challenges at high g

— 25 3 — 25T 5
2 - 10° <0 4 10°
> 20 : ~ 200 §
O, < 10° 9 = 10°
T s T sk
10 10
S5 5
[PRL 122 (2019) 191801]
50 5.2 54 5.6 5.8 6.0 46 48 50 52 54 56 58 60
m(K utu) [GeV/c?] m(K " ete) [GeV/c?]

e Peaking structures: BT — K" J/w(£7¢7) and BT — K w(25)(£ ¢ 7) (resonant decay modes)
. Vertical band: Bt — KT¢+¢~ (rare decay mode) in high g region
« Radiative tails + incorrectly-added bremsstrahlung — most prominent background at high q2 is BT — K yw(2S)(£7¢7) leakage

 White triangle: kinematically inaccessible — pink line: phase space cutoff
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801

[arXiV'25O5 03483]

LFU ratio with BT — K¢/ "¢~ decays at high ¢°

A|m at most precise measurement of RK IN hlgh q region:

* Pursue a maximum signal purity strategy:

LHCDb Simulation

B > K*ete~

B B* > K*J/Y(—ete)
B B* 5K *yY(2S)(—ete)

L A B B A B L R R
10 E LHCb Simulation

Bt > K*e*e™
I B* > K*J/Y(—ete)
B B* K y(2S)(—ete)

* Select electron signal decays requiring

g* > 14.3 GeV?/c? prior to any ﬁ
bremsstrahlung recovery 0.01 L

Arbitrary Units
Arbitrary Units

0.01

. . . 10_3 10—3
* Significant reduction of resonant leakages ) ) P
and misiD backgmunds 107 10 15 20 25 30 35 107 10 15 20 25 30 35

q* [GeV?/c?] gz [GeVZ/ct]
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https://inspirehep.net/literature/2918595

[arXiv:2505.03483]

LFU ratio with B* - K*¢/*£~ decays at high g*

— ——— — — — —

= ——— =

Aim at most precise measurement of Ry in high q2 region:

. L.75 i L § ~ 1751171
* Precise description of the sculpting induced by S 1s0f\  LHCbSimulation MO MOl 3 % | ploose BDTout e _
_ 0 _ — TR\ — 143<¢2,.<23.0GeV¥ct > U +  Data 9!
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S noop N7 e Y | ey S
* Modelled phase-space cut on the 0ask E I Combinatorial
: : : : : ‘ = [ ,l_ _ -I- :
combinatorial shape using kinematic ansatz o5k 1 B 4 f % + ;
: o) I .
[ I - - i

o . o S J S 25F S -

e Verified that model well reproduces data with -2 ~~ Y
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https://inspirehep.net/literature/2918595

[arXiv:2505.03483]

LFU ratio with B™
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https://inspirehep.net/literature/2918595

LFV searchesin B” — K *T

 LFV has been observed in neutral leptons through
neutrino oscillations

* For charged leptons however, SM predicts that LFV
IS beyond current experimental sensitivity

e Search for LFV violation helps constraining NP
models that predict it

« Reconstructed B mass is refitted via a decay chain fit

with kinematic constraints to correct for the missing v
momentum

BY - D~ (Knr)D(KKr) used as normalisation +
corrections to simulated efficiencies

» Most stringent limits on b — ste are obtained:
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[arXiv:2506.15347]
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, T~ — n~mw*nw v, bremsstrahlung
, T~ — -t n’v,, bremsstrahlung
, T~ —> - W v,,no bremsstrahlung

, T~ —> w-mw*n7'v,, no bremsstrahlung

Tt — mtn v, bremsstrahlung
Tt — - wta’v,, bremsstrahlung
Tt — gt w*V_, no bremsstrahlung

" — m*a n*n’v,, no bremsstrahlung

@ 90(95) %C.L.

15


https://inspirehep.net/literature/2936547

Conclusmns and outlook

* Approximate and accidental symmetries offer unique
opportunities to hunt for SM extensions:

 LHCDb is leading the precision measurements of
observables that probe the violation of such symmetries

in b — s transitions:
* Pioneering LFU measurements in new modes
* Improving LFU precision in new kinematic regions

e Setting most stringent limits on cLFV transitions

. Already collected more than 13fb~! in Run3

 Upgraded detector with higher efficiency trigger system
— Stay tuned for further updates!!
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Integrated Recorded Luminosity (fo™)

[LHCB-FIGURE-2024-030]
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https://cds.cern.ch/record/2912743

Thanks for listening!







« h — e misidentification estimates using data-driven methods
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Pass-Fail method n

Kaon calibration sample
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[PRD 108 (2023) 032002]
arXiv:2505.03483]
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https://arxiv.org/abs/2212.09153
https://inspirehep.net/literature/2918595

Ry at high g*: model independence [arXiv:2505.03483]
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:ﬁ) LHCb Simulation ] +3~ 0.12 - LHCb Simulation 7
: . 1E I Penguin-only ¢ spectrum | ——— Penguin-only ¢? (integrated)
° Use Of ql%oBrem CUt y|e|dS dlﬁerent S(Qt%ue) for eleCtrOnS g' - L1 Phyfical q? szctrEm : 4: 0.10 F —+ Peniuin-onlz Zz (binfed) i
. . . = O0.1F i - - —-=— Physical ¢? (integrated T
and muons — inaccuracies in the g dependence of z A S
— “~— 0.08 F —3— -
| will ind b R < v | eaha +
model will induce a bias on Ky NI —+
. ] g 0-00 :__ —_—— — '_"'::l_:' — et n — — '_E;" '_'._:
« Remove model dependence by weighting muon data S o oul =5 I
and MC to have same &(g;2,.) as electrons* b __
« Ry no longer extracted as simultaneous fit to both VTR 0.00 b
electron and muon data g2.. [GeVZ2/c*] g2.. [GeV?3/c*]

* Requires two assumptions: g2, = g2, in muons and the (pg — px)* = g;,. distribution in SM is LFU
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R sensitivity to NP at high ¢~

= —— ___ —

e Presence of charmonium resonances at
high g*doesn’t dilute the NP sensitivity of

Ry in this kinematic region

* Higher charmonium states have sizeable
interference with the rare mode which can
be LFU violating

« Error bands on Ry are obtained using the
measured non local contributions In

BT - K'uu"

R,.: 1.1 < g% <6.0 GeV?/c* . R,:1.1 < g% <6.0 GeV?/c*

_R,.:15.0< g% <19.0 GeV?%/c*

-2 -1.5 -1 0.5
C9

Ry values at low recoil are same as at high recoil
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Improving B’mass resolution with 771 [arXiv:2506.15347]

= e ——

* L_not reconstructed, 7V is ignored during

reconstruction: poor resolution of BY invariant

mass & T T =

2% LHCb Simulation [ :

. Kinematic fit to calculate B invariant mass < 5000 - — m(K*¥'7 e) E

obtained by reconstructing the entire decay chain % ,440F — mg, -

constraining: < - 1 -

23000 -

» Three tracks from pions originate from 7 vertex 2 20005 - -

- - — __

< - o _

e 7 candidate mass Is constrained to known © 1000 |- -

mass . | LI -

| | | 0 - 3000 4000 5000 6000

e 7 is required to point to the B" vertex which is m [MeV/c?]

reconstructed from charged decay products of
K™
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