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Flavour physics: Cabibbo theory and absence of _

O Simultaneous analysis of leptonic and semi-leptonic decays

O Cabibbo rotation angle: link between weak and mass
eigenstates
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Cabibbo’s family

O GIM mechanism to explain the absence of FCNC

at tree level -
Photo credit:
O Prediction of charm quark https://indico-tdli.sjtu.edu.cn/event/30/images/9-GIM_2011.JPG
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i Z /v ¢+ O Universality of weak neutral
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< 1% current
W§ i gW ! > t . > s O Non-universality of weak
b—» > > g charged current

O Flavour physics probes new physics energy scales >> 1 TeV via loop-mediated processes
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Flavour physics: Cabibbo-Kobayashi-Maskawa matrix _

O Standard Model (SM) describes d p b
the quarks mixing via 3X3 unitary -
(complex) CKM matrix /V vV Vv \ 1 1- 12 A AN (p— ”2).
ud " us " ub
_ =y 1—2)2 AXN?
vcd vcs vcb = @ 2

\. vtd \/ts vfb t [AN(1—-p—in), —AN 1

. S

Photo credit: CMU

O Search for physics beyond SM indirectly, via decays mediated by loops, rare decays

O CP-parity violation (CPV) is successfully (so far) gﬂ[ [T EEE——
accommodated in all flavor species via a single complex v | LT~ =5 a7
phase, intimately linked to the number of generations iy S gl |

O Experimentally discovered in strange, charm and beauty
sectors. Suppressed for charm as codified via CKM matrix
elements and GIM mechanism

O Powerful consistency checks, e.g. via unitarity triangles \\
Photo credit: KEK
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Flavour physics: Cabibbo-Kobayashi-Maskawa ma_

O Powerful consistency checks, e.g. via unitarity triangles
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LHCb - single-arm forward spectrometer, 10-250 mrad (V), 10-300_

TRA(}KING PARTICLE ID INT.J.MOD.PHYS.A30 (2015) 1530022
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Vertex reconstruction: Kinematics: Magnet, PID: RICHSs, Trigger: Muon,
VELO Tracker, Calorimeters Calorimeters, Muon Calorimeters, Tracker

O Heavy flavour production at LHC: prolific, forward peaked & correlated
O LHCb ~4% of solid angle, but ~40% of HF production x-section 3 5.


https://arxiv.org/pdf/1412.6352

LHCb data
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O Excellent performance of LHC and LHCb

- ATLAS & CMS

O Luminosity leveling for LHCb
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Vertex reconstruction in LHCb: VErtex LOcator -

JINST 8 (2013) P08002, JINST 9 (2014) P09007

o 1 88 semi-circular microstrip Si sensors
O Double-sided, R and ¢ layout
0 300 um thick n-on-n sensors, strip pitches

from 40 to 120 pm
O First active strip at 8 mm from beam axis

| 1m |
| |

@ mrad

MU

15 mrad

interaction region

O Excellent spatial resolution, down to 4 um
for single tracks

O Precise impact parameter measurement,
Op = 11.6 + 23.4/pT [um]

O Precise primary vertex reconstruction,
Oyy = 13 um, o, = 69 um for vertex of 25 tracks

O Excellent proper time resolution

O Vertex resolution allows to resolve fast (x~27)
BB, oscillations Nat. Phys. 18 (2022) 1
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https://arxiv.org/pdf/1302.5259
https://inspirehep.net/files/aaad12a4560ad77d101381d2ef79eb90

Charged hadron ID in LHCb: Cherenkov light detectors

O 2 Ring Imaging Cherenkov Detectors
O Charged hadron ID, charmless 2-body b-hadron decays
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https://arxiv.org/pdf/1206.2794
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LHCb Upgrade |

LHCDb upgrade | for runs 3 and 4

VELO new design with pixels

Upstream tracker with silicon strips, main tracker with scintillating fibers
RICH photodetectors MAPMTs

New dedicated luminometer

SMOG2 gas target integrated in VELO

All subdetectors readout at 40 MHz for a fully software trigger using GPUs
Can run at 5 x higher luminosity

40 Tbit/s 1 — 2 Thit/s 1 —2 Thit/s 80 Gbit/s
HLT1 Online ' HLT2 Offfine
artial event 6(20 — 30 PB) buffer full event ;
rgconstruction real time reconstruction
& selection alignment and calibration] | & selection
1 MHz 1 MHz

Update alignment & calibration constants

30 MHz of inelastic collisions reduced to ~1 MHz by the HLT1 (tracking/vertexing and muon
ID) running on GPUs

Highest throughput of any HEP experiment
Many measurements directly profit from higher statistical precision (about x3 with run 3 only)

Flavour physics at LHCb NOPP 2026, 4%, 14-16.08.26 SB 9



LHCDb physics program
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Dark sector

Marc Chagall, La triomphe de la musique
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LHCDb physics program

Examples of the physics results

4

’ g N
W L Dark sector
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Beauty: new precision studies
First results using run 3 data
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BO and B* lifetimes

, o 0 .\ LHCb-PAPER-2026-039, in preparation
O (Effective) lifetimes of BY and B* mesons LHCb-PAPER-2026-040, in preparation

via B'—J/pK'(892)° and B*—J/WK™* decays Run 3 data
O Tests of the Heavy Quark Expansion (HQE)

O 2D maximum likelihood fit to invariant mass and decay-time distribution

............

~ | S LR, ~ T T T T T T T
310 B*—J/WK*  LHCb Preliminary 1253 & 10 LHCb Preliminary 12 f' 3
A f=136Tevi O f5=136TeV
s 3 o BockE] & (ol BlockE ]
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0 Most precise measurement to date:  1(B*) = 1.6370£0.0014+0.0014 ps

O Agreement with HFLAV and previous LHCb Run 1 result
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BO and B* lifetimes

, o 0 .\ LHCb-PAPER-2026-039, in preparation
O (Effective) lifetimes of BY and B* mesons LHCb-PAPER-2026-040, in preparation

via B®—J/wK'(892)° and B*—J/wK* decays Run 3 data
O Tests of the Heavy Quark Expansion (HQE)
O Unbinned maximum likelihood fit to the mass distribution

0 COWs to account for possible correlations pembinski, kenzie, Langenbruch, Schmelling NIMA 1040 (2022) 167270

N/‘\106=|||| /"‘\H)SZ UNLELELE B LN B B B
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0 Most precise measurement to date: T(B°) = 1.5145£0.0020%0.0010 ps
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O Agreement with HFLAV and previous LHCb Run 1 result
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BO and B* lifetimes

LHCb-PAPER-2026-039, in preparation

Q (Effective) lifetimes of B® and B* mesons LHCb-PAPER-2026-040, in preparation
via B®—J/wK'(892)° and B*—J/wK* decays Run 3 data
O Tests of the Heavy Quark Expansion (HQE)
O More reliable theory prediction on the ratio
Preliminary

Egner et al., 2024 : ® |

Moretti et al., 2026 I ® i

HFLAV 2026 average  1.0832%0.0034 e

THIS MEASUREMENT  1.0809%0.0017%0.0007 e

1.60 1.62 1.|O4 1.66 1.68 1.10
(B *)/T(B°)

O Most precise measurement to date: 1.0809%0.0017%0.0007
d Precision on ratio ~ 2 x 103
O Agreement with HFLAV and previous LHCb Run 1 result
Flavour physics at LHCb NOPP 2026, 4%, 14-16.08.26 SB 15



Heavy flavour spectroscopy
First results using run 3 data
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New double-charm baryons _

PRL 137 (2026) 2, 021902

O First new hadrons discovered with Run 3 data LHCb-PAPER-2026-022, in preparation
Q Observation in = — AT (pK~ 72" )K~ 7" (ccd) and Qf, — QX — pK~K~zH)x™ (ccs)

A Yield per fbt improved factor ~4 thanks to |mproved fully-software trigger
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c Q\

O All members of the spin-1/2 20-plet of ground-state
baryons established

I Qg PO =t L
‘ O Future interesting probes of charm hadronization

N
)
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https://arxiv.org/pdf/2603.28456

Observation of a narrow beauty-strange state

d D*,(2317)* and D,(2460)* observed in 2003 with unexpected properties

- Masses below prediction

- Isospin-violating decay to D (")* 110
O Interpretations
O Non-conventional internal structure

- Tetraquark multiplet; part of a
lower excitation multiplet; molecule

O Broken chiral symmetry

- D*,,(2317)*: O* chiral partner
of the O- ground state D.*
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—> Spontaneous breaking of chiral symmetry = universal mass splitting,

349 MeV in charm

[ Does it exist in b-sector ?

Flavour physics at LHCb NOPP 2026, 4%, 14-16.08.26

DK

Tang et al, Commun. Theor. Phys. 75 (2023) 055203

Maiani, Polosa and Riquer, PRD 110 (2024) 034014

LHCDb collab., Sci. Bull. 70 (2025) 1432
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https://arxiv.org/pdf/2303.18225
https://arxiv.org/pdf/2405.08545
https://arxiv.org/pdf/2411.03399

Observation of a narrow beauty-strange state
LHCb-PAPER-2026-021, in preparation

0 Reconstruct B, 1° combinations using decays Bs’—Dg™ 11", B.—>J/pe and
. 0 . o B— Dt

Q By (5700)" peak consistently visible in all decay modes
400 pr e ]
- LHCb 9 fb~! —+— Data .
— Total

B},(5700)° -

A First LHCb analysis with prompt 7° F
350 F
F Preliminary

m =5698.9+1.5+0.6%0.1 McV
[ < 9.8(11.8)MeVar90 (95) % CL

(8]
-
(e

T

Background

[\
N
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0 Mass ~130 MeV below QM prediction
U Consistent with

—_
-
o

Candidates / (10 MeV/c?)
S
o

O Predictions from chiral doubling theory 50§

O Mass splitting in charm sector 0k
_ 5500 5600 5700 5800 5900 6000 6100 6200 6300 6400
O M, I' and decay channel also consistent with M(B7°) [MeV/c?]
O The first single-beauty hadron molecule

0 Feed-down from a new B,° — (B,° — B, y) 1%, which provides equivalent
experimental support for the theory paradigm

0 Consistent anomaly across both charm and beauty sectors

0 Major input for QCD: fundamental symmetry or new form of hadronic matter ., ;g



CP-violation: angley
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Angle y measurements

O At LHCDb, benefit from large statistics using tree-dominated processes
O Tree-level decays, theoretically clean (6y ~ 10°7)

0 Complementary methods, dependent on combinations of favored and suppressed
B and D decays

O Multi-body D decays are used in combination with input on strong phases from
iIndependent measurements (BESIII, CLEO3)

[ Final states accessible to both D and D to examine interference between b — ¢
and b — u transitions

0D

/ﬂ DTD@
»—u b > T > u \\,,
~5j;r) - (i. s Hv‘rl'g ™ V — A/Be
" w _
: S Y y . “w_ g, [ABDI o« Af +1EAG + 2ApApTpeos(Ss — 1)
7 - o . " - |JA(B*)|? A + r},A% + 2ApAprpcos(8p + 7)
Flavour physics at LHCb NOPP 2026, 4%, 14-16.08.26
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angley

0 Combination of LHCb measurements
of the CKM angle y and charm
mixing parameters

https://hflav.web.cern.ch/

'Jl‘oiéﬂ('jll'llllllll | L R B I ,qu
O L on LHCb (& HFLAV
T [mow Praliminary | |
0.8 I All Modes Autumn 2025 —, 0.81 : B - DK+ i
- 1 : B B —» Dy Ktntn~
: ‘ Bt o DOK*+
0.6 \ E3 Bt - DK+
5:5: [ B° — DO
l Bt -5 DK+
0.4 \ \ [ Combined I
\ 68.3%
0.2 N // -
2 7
SN /////// 95 4%
e . v e
40 50 60 70 80 90 0 25 50 75 100 125 150
v[°] o7 7 []
= + ° — _ .o
y =(62.8 £ 2.6) v = ¢3 = (66.4127
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O The most precise determination of y from a single experiment to date

CKM fitter: Yindirect — (66-3 fﬁ’g http://ckmfitter.in2p3.fr/
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http://ckmfitter.in2p3.fr/
https://hflav.web.cern.ch/
https://inspirehep.net/files/7df0a84ba23a968b3aa23a418aa86f76

Angle y with B* —» D K™
JHEP 02 (2025) 113

d Simultaneous measurement of y using 2-, 3- and 4-body D° (50) decays

o BT T T T S B B B D decay mode B~ Bt Purity (%)
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O CP fit to 2- and 4- body decays, and for the first time
at LHCD to 3-body decays with Dalitz input from 100

CLEO3 and BESIII
Q CKMangley: |y = (63 +13)°
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https://arxiv.org/pdf/2410.21115

Angle y with B — D (—h*h ") h?

O Model-independent measurement of CKM angle y
in B* - [KtK ntn~]ph*and B* — [r"7 7tn~|ph* where D = D or D°

d Strong phase in phase-space bins of the D° and DO decays
from BESIII measurement
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Measurement of y with B* — D (—Kgh*h) h*decays

iﬁt)/(i\‘: + Nii)

Q First CKM angle y result from the upgraded LHCb detector JHEP 08 (2026) 037
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Q First CKM angle y result from the upgraded LHCb detector

Measurement of y with B* - D (—Kgh*h") h*decays

JHEP 08 (2026) 037
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Measurement of y with B* - D (—Kgh*h") h*decays
JHEP 08 (2026) 037

J Measurement observables
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U New independent measurement, in agreement with the Runs 1+2 combination
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Outstanding consistency of the SM picture
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CP-violation in baryons
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First observation of CPV in baryons

4 A, —» pK' ' decay: CPV may arise from tree
and penguin interference, could be enhanced

by intermediate resonances
O Clean sample of 80K A, and A,

Candidates/(0.014 GeV/c?)

Nature 643 (2025) 1223
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0 Phase-space integrated CP asymmetry after accounting for biases from production
and detection (~1%) measured in the A, — A (pK =*)m” control channel

Ap=24510.46 £0.10 %, 5.20 from zero
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First observation of CPV in baryons

O Asymmetry in regions of phase space, dominated by Nature 643 (2025) 1223

various resonances
and decay topologies
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0 Suggests that intermediate resonances are important to initiate the CP asymmetry
NOPP 2026, 43R, 14-16.08.26
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CP-violation in charm sector
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CP violat
O Mixing and CPV studies at LHCb

ion in charm sector

O Precision measurements require an excellent control of the systematic uncertainties

O First observation of CPV in charm sector
AAcp = Acp(K"K")— Acp(rnt) = (-154£2.9) x 107
PRL 122 (2019) 211803

t
A (f) = af + s - AY
D

O Evidence of direct CPV in D° —
individual charm meson decay

Flavour physics at LHCb

PRL 131 (2023) 091802
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CPV in D° — K Kgwith run 3 data

e quark sector
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JHEP 02 (2026) 253, JHEP 06 (2026) 282
d DY and D° tagged by accompanying
pion D** — DOt

0 DY — K used as control mode,
tagged with the same method as the
signal

O Two categories with different purities according to a MVA classifier
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Mixing and CPV in D° —» K* m decays from prompt D* — Dt
PRD 111 (2025) 012001

d Mixing and CPV parameters with right sign (RS) and wrong sign (WS) D° — K*mr
decays tagged with prompt D* decays
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0 Most precise results for mixing and CPV parameters
0 No evidence for CPV neither in decays, mixing nor interference
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Mixing and CPV in D° - K* m mw* m decays from prompt D* — D°mr*

U Mixing and CPV with right (RS) and wrong sign (WS)

DO — K*mr1r*mr decays, PS binned measurement
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O Results in agreement with other LHCDb
measurements

0 Consistent with CP symmetry
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Rare b-hadron decays
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Studies of b — s€@~ decays

0 Many observables to test SM
O Affected by SM corrections: Form Factors and/or cc loops

M Lepton Flavour Universality

Branching fractions Angular analyses LFU tests
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LFU in B%, — ¢€*@~ decays

Q Test of LFU in B% — ¢£*f-, theoretically clean

O Measure R, in three g2 bins (first time: 15 < g?< 19 GeV?/c%)

O Double ratio to cancel systematic effects
B(BY— ¢utpu)

Ry

50 T T
01 =gt = L1GeVE et

Candidates / (40 MV /e?)
b

u

4600 ARLI 000 5200 400 S0 5800 G0
m{KtK ete™) [MeV /e

[T T LA B B B RN B
[ 15<gt<1agevtet LHCb £qp = 90671 ]
L30 + Data -
= — Mod 1
= ———— Sigr
= =
s = R 7]
Misic
g = R (284 (J/X) o
T.‘;:': 10 B Combinatorial
=
&

4
3
i
o
=
=]
|
1
o

B(BS — ¢§E‘+€_)

(

B(B]— J/i(

——x
n =8t

aThn GO

4500
m{K 'K e'e”) [MeV/e?]

G230

L / A
i /
! Vs

i /

- \,\_\ y /
\ -
., A \ /
1 s x 1 1
0. 0 1.5 2.0 2.

— WpT)9)

/(10 MeV /)

Candidates

o L PO B B
Ll<g® <600V /e

Candidates / (40 MeV /)

) / (B{BE% JI(— eTe™)o)

LI D B I
LHCh Ly = 900" ]
Data 3

. ]

25
0 i s ST TR T oLl
4800 G000 5200 2400 5600 5800 Gaou
m(KTK ete) _.\[[‘VJ,-"('E_

— T

LHCh Ly = 90071 ]

+ Data i

_.\.:I.‘l:.l.‘l k|

———- Signal ]

= nt » S 4

¥ BY < J/pK*"

| 0 Jypk ]

k B Combinatoria]l o

0 ] ! 1 ]
AR00 AR B200 5400 5600 R0 GOOG

m{K K e'e”) [MeV /e

¢* [GeV¥/ ] R

0.1 <¢®><1.1 157193 +0.05
1.1 <¢?><6.0 091752 +£0.05

15.0 < ¢ < 19.0  0.85+02% 40,10

—0.23

)

d?

dB(BY — o 1)

PRL 134 (2025) 121803

1 _ tree level
bh— scC

——

flavio
— SM
low ¢°
central ¢°
high g°
J/p

J Observation
of B%, — ¢dete”
] Ratios consistent

with LFU
SB 39


https://arxiv.org/pdf/2410.13748

O Angular analysis of the decay B, — ¢e*e™ in three g2 regions
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JHEP 07 (2025) 069
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[ -+ Data — Total model ]
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20: s ye ]

10k
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= ..I"' : N 'L
05000
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0 Compatible with the muon channel
analysis and with SM

O Limited signal sample size (Runs
1+2)

O No flavour tagging: CP averaged
and decay-time-integrated fit

O Folding of different projections, fit in
g2 and either of (cos 8, cos 8,) or ¢

O Consistent global picture

L Anomalies in the muon modes to be understood
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a Test of LFU in BY — K™@*8~, theoretically clean

LFU in BY — K@*@~ decays

O Measure Ry. in the g? bin g2 > 14 GeV?/c*

O Double ratio to cancel systematic effects

[a—
=

[3¥]
T

o
=
SR TT T

i
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] D ——
1 IIIIIIII|
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Ry = 1081917 (stat) £ 0.07(syst)
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PRL 137 (2026) 051803
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(b)

i
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" LHCb 9fb ' :
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—— Total fit
s BY 5Kt e
B B 5K ntnete 3
Combinatorial _;
Misidentified =

b gy

6000 6500

m(K n-e*e”) [MeV/c?]

d First measurement at hadron collider in high g2 bin

O Consistent and 3 x more precise then previous Belle result

O Consistent with LFU

NOPP 2026, dE3=, 14-16.08.26
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https://arxiv.org/pdf/2604.08631

O Angular analysis of the decay

Angular analysis of BY —

K*Oete-

B — K*0e*e~
5 o
O Analysis performed in central P
g?region 1.1 < g?< 6.0 GeV?/c* z
.EII("'JI I_
= 100
ﬁ*ﬁ#ﬁﬂmﬁm J*H
) 0 ! o0y
o 1.0 o 1.0
= LHCb ABCDMN g LHCb ABCDMN
g “E o GRvDV g ””’ 9 fb-! GRvDV
.;Ej 05+ E ¥ Data :—; 05+ ) ¥ Data I
E 00F — —5— Tii E 0.0 F | =
5 devdn T 5 77 %% T 7
05+ -05F
10— 0 55
FL S; Sis Ss Am S7 Sg So F, P, P, P. P, P, P, P;

U No significant disagreement with SM

(0105

Weighted entries [/

(0,16 ral)

Weighted entries [/

JHEP 06 (2025) 140

: %ﬁ%ﬁ i w

O No evidence for LFU violations when analyzing electron and muon modes together

Flavour physics at LHCb

NOPP 2026, 4E%%, 14-16.08.26
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https://arxiv.org/pdf/2502.10291

Angular analysis of B — K*0u*u~

d Binned angular analysis of B® — K*0u*u-

PRL 137 (2026) 2, 021802

LHCb 8.4 fb!
7] sM from ABCDMN:2024
B3 SM from EOS (GRVDV:2022)

:

AT
O Improved selection, more observables i
(CPV, BF) 0.SFH 34
O Include finer @2 binning o
O Take into account effects of lepton masses L t
~0.5F 1
-1E .
0 5
20 20 : o
- ——— === LHCb Run 1 + 2016 (4.7 fb I:' R PRELIMINARY N
1/ ~.—— LHCbRun1+Run2(8.4fb ) B A
1A i Pre)
0y : - "\,\_ \.\ 10 (&)
L] i { ‘\‘ S \\ C
5| \ NN N, AReC = —0.934318 AReCy = —0.94192 <
S \\\\ R v ) N Significance 4.10 5 Significance 4.0 ¢ ()
= 0.0 RN j \ o 00y 5
A / ) ©
1.0 \\\ B — FI LHCb 1.0
184 e A .| M LHCb Run 1 + 2016 (4.7 fb )
PRELIMINARY LHCb Run 1 + Run 2 (8.4 fb )
—20+ T 0

30 15 10 05 00 05 10 15 20 R B R P P )
ARe(y) AReCy

O Excellent agreement with previous results

L Confirms previous tension with SM predictions
Flavour physics at LHCb NOPP 2026, 4%, 14-16.08.26

discrepancy > 20

SB 43


https://arxiv.org/pdf/2512.18053

CPV of local and nonlocal amplitudes in B® — K*ptu-

O Unbinned, full-g% analysis of local and

arXiv:2605.07582

nonlocal amplitudes 16 D  LHCheam
JHEP 09 (2024) 026 ibid. 05 (2025) 208 T Signal i
] ] ] ] ~ 200 Background j ‘
Q Fit nonlocal contributions with data > Lo tele nonlocal I
. . . O 100 - 2-particle nonlocal :
instead of external inputs, still model- - Interference e w
o 45 b gt
dependent ~ 0 -
_ @ 104 \
0 Consider B® and B separately 200
U Probes a new set of CPV couplings T 100
1]
&)
2.0 0
Cy %0.05 - 4 -
15 e LHCb 8.4fb < 00s W L band \ il
Lo * SM 0.00 2.50 5.00 10.00 12.50 15.00 17.50
. q* [GeV?/c?]
~ 05 Q No significant CPV observed
ST i .* 0 Sensitivity to CPV observables, including
I BN Im(Cg) and Im(C,,), improved by an order
10 of magnitude
1 QO First analysis sensitive to CPV in FCNC
207 7 > i 3 i ¢ decays at a level similar to SM

Flavour physics at LHCb

expectations
NOPP 2026, 4E%%, 14-16.08.26
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https://arxiv.org/pdf/2405.17347
https://arxiv.org/pdf/2405.17347
https://arxiv.org/pdf/2605.07582

BRs and P;’ from B? — K*pu*p-

0 Summary of P;” measurements in g2 bins U Deviations of BRs with dileptons

from SM predictions

EPJ Plus 141 (2026) 4, 443 https://www.koppenburg.ch/anomalies.html

@ Our average
Belle'16
CMS'17 (B, runl)
ATLAS'19 (B")
LHCH25 (BP (ee))

L B(B* = K+utu™) [L1,60]-
®
z CMS’24 (B?) B(BY — ¢ptp™) [1.0,6.0] 7 -

B(BT — KteTe™) [1.1,6.0] -

LHCH'25 (B?)
LHCL'20 (B+)

B(BY — gete) [1.1,6.0] e
BSZ'15

B(BY — ptpu) —lo=t
B(B" — ptp) ——
B(BT — Ktvi)

PHB — K"t ) [2.5,4.0)

——
—-1.0 T I T I i I I P{B" — K*'utp) [4.0,6.0] 7 ——
0.0 25 5.0 75 100 125 150 175 0 K 08
- — K% 1) [6.0,8.0] ——
patrick. koppenburg@cern.ch 2026-04-13 q2 [GCVZ}
LHCb: PRL 126 (2021) 161802, JHEP 06 (2025) 140, PRL 137 (2026) 2, 021802 s 432101 2 3 4 5 6
Belle: PRL 118 (2017) 111801 Pull in o

CMS: PLB 781 (2018) 517, PLB 864 (2025) 139406
ATLAS: JHEP 10 (2018) 047

Theory: Alguero et al., EPJC 83 (2023) 648,
Descotes-Genon, Hofer, Matias, Virto, JHEP 12 (2014) 125

L Confirms previous tension with SM predictions

O Important to quantify, with larger data samples, the effect evolution with g2
Flavour physics at LHCb NOPP 2026, dE3%, 14-16.08.26
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https://www.koppenburg.ch/anomalies.html
https://arxiv.org/pdf/2012.13241
https://arxiv.org/pdf/2502.10291
https://arxiv.org/pdf/2512.18053
https://arxiv.org/pdf/1612.05014
https://arxiv.org/pdf/1710.02846
https://arxiv.org/pdf/2411.11820
https://arxiv.org/pdf/1805.04000
https://arxiv.org/pdf/2304.07330
https://arxiv.org/pdf/1407.8526
https://arxiv.org/pdf/2604.19346

Studies of b — de*€- decays =

arXiv:2604.21987

+ +rpt- - ~ -8) |
U B*—r MM - b - dFCNC, BR O(lO ) In SM arX|v 2606. 23646
i ' T asE LHobom + Dau 3
O Angular analysis s :/,\LHCbE’fb B ]
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4 First differential measurement of BR, CPV and R« 007k gmo E
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ACP — < dq2 >71'_ < dq2 >7r+ R — < dq2 >7T_ + < dq2 >7‘r+ 005 +—+—\ + _z
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Heavy ions
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Heavy flavours in heavy-ion collisions _

O Upgraded tracking system - improved performance at higher occupancies (PbPDb)
0 SMOG2: fixed-target system upgraded in Run 3

. ) ; . Target .‘

O Increased luminosity, simultaneous data-taking = . I
: : - g=————cfr———0 e VEL
with collider mode —4 =

4 Rich Run 3 data-taking heavy-ion campaign: P—

2 nb! of PbPb (x 10 of Run 2)
O Unique samples taken in 2026:
pXe@113 GeV; pH,, pD,, pHe@44 GeV; pp@2.4 TeV; PbCH,, PbHe@70.9 GeV

Runs 1&2 (2010-2018) Run 3 (2022-2026)

Phys.Rev.Accel.Beams 27 (2024) 11, 111001

Collider mode — 10°F L ] \ I A B B B I ——— T T T
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o 10 o 108 k.. Ll‘fc ‘J'ﬂ ]
= M s, =502Tev = g B (5 =962TeV
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8 1o = 1
g 10 [ | - 10 o
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vl |
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a- ke o o
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https://arxiv.org/pdf/2407.14200

U First study of charm production in light-ion

D® meson production in NeNe and OO collisions

collisions at the LHC

U Study onset of QGP production with
increasing nucleus size

L NeNe collisions expected to produce a slightly
larger volume of QGP than OO collisions

—> larger energy loss effects
U Clean sample, 2025 light ion run

1.40

Do
RNeNefOO

N NeN
RD“ _ DS °/dpr ?ug
NeNe/OO — N N
/ DU /dp mgl ¢
----- (N2 (NOR)
CNM Ke, Vitev, PRC 107 (2023) 064903
CNM+Rad.
CNM+Rad.+Coll
¢ LHCb, /sSyx = 5.36 TeV ?

20

arxiv:2605.27273

400000 |
Background LHChH
= + Fit 00, 5.5 nb~!
= 300000 Data S
= 3000 — . Ry
= /Snn = 5.36 Tel
~
J‘
& 2000001
% 100000
\-_J
0 ‘
60000 Bfu‘.kgr(mn(l LHCb
5 + Fit NeNe, 0.51 nb™*
z 50000 A Data — __ = ap Ry
- SnN = 9.36 TeV
< 40000 {
T
< 30000
S 20000
< 10000
1775 1800 1825 1850 1875 1900 1925 1950

m(K~7") [MeV]

O Evidence for gradual increase of QGP-
like effects with collision size in light-ion

collisions

O Constraints on heavy quark diffusion and
energy loss in the produced medium
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https://arxiv.org/pdf/2605.27273
https://arxiv.org/pdf/2204.00634

Y(nS) production in pO and OO collisions
arXiv:2608.00182

Q Clean Y(1S), Y(2S) and Y(3S) signals in Run 3 data
— pp, pO and OO collisions

x10’ ~ S — .. LT

ST THee ] Zif by LHCbpo 1 ¢ LHCbOO {——= [ LHCb

O 33F [5=536 TeV S [ =962Tev | O 140 Fm=536Tev 1 82 R E =
30k i Data E 8 ] 1b o : + }

= — Total fit ] = ~ 0.8 ]

‘?‘5 255— I(18) —»pu= % '_? [ ¢ E

% 20¢ -?ﬁﬁﬁiﬁi E 5: E: 0.6 -

—8 15F - - Background . —E & :q_ + ]

S F 1 & 0.4F % E

10E & 4) ]

5k 0.2—§ -

° 10 105 1 X 1_9- 5 : (::S'. Cgi

M- [GeV] — é_ﬂlLHCb o 9D

o | S5 A G- 3]

A Y(nS) suppression: signature of QGP formation = I i 5 8

: : : S ' N ]

O Double ratios excited-to-ground state with pp =7 osk 2 %.-

- cancel initial-state effects cls, ok + | ‘L,Ij E ;

d pO, pPb, Pbp —reference for Cold Nuclear Matter effects ok %

[ 1) ]

0- , CMS, CMsST

16<y<a1 15<p<d —S<p<—25 2¥<45 <24 pl<24

0 x2 suppression of Y(2S)/Y(1S) production in OO collisions relative to pp,
4.80 difference — similar to PbPb collisions and larger than pO => not CNM alone

O Suppression of Y(3S)/Y(1S) production in pO and OO collisions relative to pp
- interpreted as interplay of CNM and QGP

O Evidence consistent with formation of QGP in OO collisions SB 50


https://arxiv.org/pdf/2608.00182

O LHCb and LHC timeline

O LHCb Runs 3+4

O Higher pile-up + software
trigger

O Collect 50 fb-1

by 2033

Total recorded luminosity — pp —31.7 fb™!

Future program
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5.5 visible interactions
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1.1 visible interactions
/ crossing
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55 visible interactions
/ crossing

300 fb! collected

0 LHCb Upgrade Il in LS4
O Collect > 300 fb-1 by 2041

/ crossing
50 fb? collected
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O LHCb Upgrade Il in LS4

O Collect > 300 fb-1 by 2041

O Pile-up of 28 — 42

LHCb

Scoping Document Lrg-D

UPGRADE I

TN T

O Timing capabilities
for 4D tracking
NN

X [mm]

LHCb Upgrade Il (LHC Runb5)
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RICH] - -
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LHCb-TDR-023, LHCb-TDR-026

Side View
M
Magnet & . uon_
Magnet Stations TORCH PicoCal =
Mighy _RICHD

Tracker »

z [mm]
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o
1 IIIIIIIIIIIIIIIIIIIIIII

| |
-100
z [mm]

O New vertex, tracking, PID, and CALO detector, and upgraded MUON detector

./our physics at LHCb
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https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
https://cds.cern.ch/record/2903094/files/LHCB-TDR-026.pdf

Projections for key measurement in HF physi_

03.24346

Key Observables in Heavy Flavour Physics [ESPPU 2026 Projections| rX” .
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the EPPSU 2024-2026 - |,
Q Complementarity < i ?
between the experiments : | Tme *
Q Collective improvement = «f 4 -.r .
5 (m"e . ° A ]
of about an order of o g w e m e .
magnitude on most » R Se = “e o |
L ]
observables by 2040s P S P R R B " hd 'I
L] o ®
Eg:?;,g: &:EE%J Ej&ﬁgj_'éfag}&@jj%%EF:‘:T‘é‘“_‘ 1
O LHCb results <% 5 B -
- M Time Period heriment
will be dominant for many ERTINR Tty %“E o ‘- ATLAS CALS L e
of the key measurements "
07 .A. — T g 07 § T T T T ‘.“. ]
06 — _g 0.6 gsm% Afn, & am, R —g
4 a= o5 g B ) 4 =
s 0.4 —é - 04 g ”// —;
. - [ ~2041
R IVeeld E
5 ; ‘ | é 0.1 8 _é
2 . a g ﬁ & & g 1 -0.4 -0.2 0.0 0.2 ﬁ 04 0.6 0.8 1.0



https://arxiv.org/pdf/2503.24346

Summary

Q Rich flavour physics program of LHCh ::Z_LHCbgfb+Dt
. . E Lo —— Total ]
O Successful operation, good quality data — both Zawf Preliminary By(5700)°
proton and heavy ion collisions 2250 bttt 4 + Baikg“’““d—f
. : . 2,0k AT an
0 Majority of results consistent with the SM 30 Al Ty y +f:
g 150 E
O Bigger / better dataset, precision, sensitivities EIOO_— * E
: . . soF ¥ -
O We know there is more physics than provided e
. . 5500 5600 5700 5800 5900 6000 6100 6200 6%00 6400
by the SM. Some tensions motivate strong MBOO) [MeVic?]
students to join the quest : : :
O Many interesting analyses ongoing,
1.0 — - .
e 8 O v new opportunities with LHCb Upgrade Il
{ e
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patrick koppenburg@cern.ch 2026-04-13 q2 [Gev2]

O Possible effects beyond the SM attacked
via direct and indirect searches.
Key role of LHCDb in flavour physics




Backup
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b — sll decays

Effective field theory ]
2
—4CE 7 A0 )
. G e
Hwer = W tsvtbzcz‘ ()P " (1) 1
' B
L , o e
b — sl™1™ probes Wilson coeflicients C7, Cy, Cqg €Y =CY narrow ¢ broad ¢z and
. . ) interference DD thresholds 3
New physics modifies C; or introduces new terms N B T
2 27 4
2 =mb, TGV

Q= {cos Oy, cos 0., b}

Angular distribution for BY — K*[*[~ decay (CP averaged): / |
I dY(T+1) ‘
dU+T)/dq* dg*d®

9 (3 |
= e [Z(l - FL)SiIlzﬂK + FLCOSZQK +Zl(1 — FL)Sil'lng COS 29!
— F; cos?0x c0s20, + S3sin*0xsin’0, cos2¢) + S, sin20 sin20, cos ¢ + Ss sin 20 sin 0, cos ¢

P

4
+=ApgSin’0x cos 0, + S7sin 20 sind; sin ¢ + Sg sin 20y sin20; sin¢h + S¢sin’0sin’0,; sin 2¢v]

F; : longitudinal polarization, Agg forward-backward asymmetry
Cleaner observables: P! = S;\/F, (1 — F})

“Flavour physics at LHCb NOPP 2026, b3, 14-16.08.26 SB 56



b — sll decays, NP searches

L ~0p® . L N ~6p® E?
ESMEFngsM‘I'KZCI. 0;' +FZ:CI 01_ + 0 F
=1 i=1

_ !

NP scale

» Standard Model as an effective field theory (SMEFT) R
Anp O(1 — 100) TeV

» Constraint (any) new-BSM from lower energy processes

» Rare b-decays:indirect probes of NP e iecﬁ I
» In practice, with rare and flavour studies \/Tv) Direct searches
Measurements — indirect constraints on C; /
Couplingyp(x) c
Constraints used to lower bound on a variety o
wour violation ".a.*(}T.r'.Ji:,-l.iti'_:n
of BSM models : . .
Wilson coefficient  Operator
o
-1 () . .
Yy-penguin C7" 52Mb(80w Pr(r)b) F* ] i
2

. 2 -
ew. penguin Cé') g—g(syuPL(R)b)(u’y”u)
2 J— J—
cio o2 (57uPr(r)b) (B 15 10)

| 475 < q

2 J— J—
from R. Quagliani scalar C’g) 15}52 mp(SPr(L)b) (1) .i’
_ pseudoscalar c};) My (5Pp(1)b) (fiys 1) =
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b — sll decays, issue(s) due to hadronic form factors and charm-loops

Local-amplitudes ~ C§! = C§™ + CN* +Y.2(¢°) Non-local amplitudes

: 1 = - i —_—
BO Wt K’*O .—-.. :‘: - = Standard Model (SM) E ‘I| siladd ) B[] K*O
{! New Physics (NP 5 .
(-5\;}—, 1! o ) g ‘ il Charm loops!
1 i t 3 T { | Interferences c c Difficult to model
o z,f+ =) .‘ B — K*DD ‘{ theoretically
_ - : o e
<7
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LFU in B* - K*mr*m€*¢- decays
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