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The LHCb detector in a nutshell*

Originally designed to study CP violation and rare

decays in beauty and charm decays:

v Excellent tracking and vertexing

Vv Excellent Particle identification
Vv Excellent momentum resolution
X Complicated geometry

* Not hermetic
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CoLLISIONS ~12 MHz
@ 40 MHz VISIBLE

INTERACTIONS — IRACKING SYSTEM
VERTEX DETECTOR (2012) momentum resolution

) Ap/p = 0.4% — 0.6%
reconstruct vertices
decay time resolution: 46 fs
IP reconstruction: 20 um

y - 25
z
7~20m \ DIPOLE MAGNET
y~10 m Yl 4Tm
r-l3m normal conducting

regular polarity
switches

RICH DETECTORS —

*Runs 1&2 Edition

e TWO-LEVEL TRIGGER:

- LO hardware (12 — 1 MHz)
- HLT software ( 1 — 0.005 MHz)

S Very good £(1)
Good €(h)

MUON SYSTEM

CALORIMETERS
energy measurement

K/r/p separation

LHCb Runs 1 and 2 pp data
sample: (2011 - 2018) ~ 9 fb~!

LHCDb Run 3 pp data sample
(2022 - ongoing) ~ 22.5 fb~!

particle identification

AE/Egcy, = 1% + 10 % /4/(E[GeV])

LHCDb Detector Performance

International Journal of Modern Physics A
Vol. 30, No. 7 (2015) 1530022
2008 JINST 3 SO08005

< Upgrade |, currently taking data


https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

The LHCb detector in a nutshell*

CP violation + CKM

Originally designed to study CP violation and rare

decays in beauty and charm decays: Rare decays

v Excellent tracking and vertexing

Charm

Vv Excellent Particle identification

| Strange
Vv Excellent momentum resolution

X Complicated geometry LHCDb phySiCS Spectroscopy

* Not hermetic Electroweak and QCD

/ \ original programme

Physics program has grown very significantly —
expanded to a general purpose detector in the forward
region

Dark sector
Heavy ions

Fixed target
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Selected results

 General LHCDb highlights
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CP violation + CKM

Matter-antimatter asymmetry

« Until recently, matter-antimatter asymmetry (CP violation) was only observed in processes involving mesons

* This year, LHCb reports the first observation of CP violation in the decays of baryons

 New path in the studies of the Standard Model and its extensions, with several complementary new results

in baryons also published this year:

1956 1964 2001
Parity violation Strange mesons: Beauty mesons:
T.D. Lee, CP violation in K° CP violation in B
C. N. Yang, decays decays
C.S.Wuetal. J. W. Cronin, BaBar and Belle

V. L. Fitch et al. collaborations

1963 1973 2019
Cabibbo Mixing The CKM matrix Charm mesons:
N. Cabibbo M. Kobayashi, CP violation in D°
T. Maskawa decays
LHCDb collaboration
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Beauty baryons:
CP violation in A)
decays

LHCDb collaboration

Measurement of CP asymmetries in Ag — ph~

decays LHCb-PAPER-2024-048
arXiv:2412.13958

Observation of charge-parity symmetry

breaking in baryon decays
LHCDb-PAPER-2024-054

arXiv:2503.16954

Study of Ag and Eg decays to Ahth ™ and
evidence for CP violation in Ag —- AKTK™

LHCDb-PAPER-2024-043
Phys. Rev. Lett. 134 (2025) 101802
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https://arxiv.org/abs/2412.13958
https://arxiv.org/abs/2503.16954
https://arxiv.org/abs/2411.15441

CP violation + CKM

Observation of baryonic CP asymmetry

« Using Run1+Run2 dataset, by performing the Ag — pK “ntx~ yield asymmetry measurement in regions of phase-

space.

« Corrections from differences in production and detection effects (~1%) measured in the Ag — Aj( — pK A7

control channel.

» Phase-space integrated asymmetry measurement of (2.45 = 0.46 =0.10) % (5.20)

* Jested phase-space regions with known resonances, with different decay topologies
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LHCb-PAPER-2024-054
arXiv:2503.16954
Nature 643 (2025) 1223
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https://arxiv.org/abs/2503.16954

CP violation + CKM

A new handle on the SL feed-down LHGb-PAPER-2024-037

- First evidence for the B~ — D" ’r~1_decay

f 800

» Hadronic 7 decays and fully hadronic decays in the D** g 00
decay chain =

» Using LHCb data from Run 1 + Run 2, evidence of the g 400
decay mode at the level of 3.5¢ A

S 00

 Analysis statistically limited, however: <
. Validated feed-down assumptions in Z(D'") analyses 0

(expected shift well within 10)

 Performed BR and LFU measurements, obtaining results
within the SM expectations:

B(B~ — D971 v, )xB(Dyy — D*tn~) = (0.051£0.013 (stat)=4-0.006 (syst)40.009(ext))%

R(D%Y) = 0.13 -

- 0.03 (stat) -

- 0.01 (syst) -
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- (0.02 (ext)

[arxiv:2501.14943]

6 3 10
g% [GeV?/ 4]

- BD TV, . B— fake D “nm "
- B —D,(2400) 7V, - B—D D (X)

B—D ,,D3(X) - B—D " (DK)

B —s D,'(24()())”D:(X) - B—D 'z m xt prompt


https://arxiv.org/pdf/2501.14943

Measurement of the Z boson mass at LHCb

 Most precise Z mass measurement at LEP, now challenged by hadron collider experiments

LHCb-PAPER-2025-008
Phys. Rev. Lett. 135 (2025) 161802

« LHCb performed the first dedicated Z boson mass measurement at the LHC in the decay Z — u 1~ in 2016 data

e using a combination of excellent detector calibration and innovative bias correction technique

« LHCDb is the first LHC experiment to have measured all three of m,, my, and sin” ‘957!

30000 ———

25 GeV)

25000 |

il D
) S
S S
- S
& -

Candidates / (O

10000 |

5000 f=

| A

. LHCb Preliminary 1.7 fb~! E

Measurements

Direct

Fit result
mz=91.0 GeV
mz=91.4 GeV

86 88

Scan of the dimuon mass distribution with simulation at varying
masses to determine the Z boson mass
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Determinations

Indirect

Dimuon mass [GeV]

Total uncertainty

Statistical uncertainty

m,= 91184.2 + 9.5 MeV

LEP Combination
Phys. Rept. 427 (2006) 257

CDF
Science 376 (2022) 170

LHCDb Preliminary

LHCb-PAPER-2025-008

Electroweak Fit (J. de Blas et al))
PRD 106 (2022) 033003

91160

91200 91220
m, [MeV]



» Binned angular analysis of B » K

Angular analysis of BY — K

*O 4 -

Iay"

with 8.4 fb~! from Run1+2 data

« b — s transition, rare decay, very sensitive to New Physics contributions

e improved selection, more observables (CPV, ...)

* include finer q2 binning

» take into account effects of lepton masses

 Excellent agreement with previous

results

» Confirms previous long standing tension with SM predictions
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Heavy ions

Shedding light on the 29Ne nucleus shape

LHCb-CONF-2025-001

CDS Link
. Measure the anisotropic flow coefficients in PbNe and PbAr coll. at 4 /syn = 70.9 GeV
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Selected results

* Recent highlights from the Spanish groups
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CP violation + CKM

* New branching fraction measurement with data from 2016-2018 (5.4 fb_l)

Semileptonic hyperon decays: A — pPH U,

LHCb-PAPER-2025-030
arXiv:2511.15681

« 5§ — U transition, allows for LFU test in new sector and an independent input (to that from kaon decays) on | VMS |,

albeit less precise

e \ — pras normalisation mode

e Selection heavily based on kinematic constraints

e Signal extraction from binned fit, where regions are defined to enhance signal/background/normalisation

contributions.
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]
1140
™M Corr (p

BN — ppv,) =(1.462 £0.016 £0.100 £ 0.011) X 10~

R”"

exp

=0.175£0.013

QCD Lattice, 0.1735 = 0.0098

arXiv:2507.09970
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https://arxiv.org/pdf/2511.15681

Kaon decays

LHCb-PAPER-2025-045
arXiv:2511.02619

» First search for K, — mmpp, probing contributions from K,y — zzy™, sensitive to chiral perturbation theories

 Heavily suppressed by kinematics in the SM

 Uses Run 2 data (2016-2018), enabled by new trigger line but still suffering from low trigger efficiency due to very soft

final state particles

» Clear candidate to benefit from the current fully software trigger scheme!

« Search performed using K¢ — 7 as normalisation mode, tight selection leaves only combinatorial background to be

dealt with In the fit

B(K§—> tr ) < 1.4 x 1077
B(K; = ntn utp™) < 6.6 X 1077
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ALP to diphoton searches

LHCb-PAPER-2025-012
arXiv:2507.14390

 Search for Axion-Like particles decaying to a diphoton final state — first analysis with a fully neutral final state at LHCDb

 Multiple points of interest: dark matter candidates, couplings to a dark Higgs or composite Higgs models

* Di-photon final state provides a much cleaner experimental signature than hadrons (or light jets)

« Same sample allows to search for Bg) — vy and to better study the bb bound state Ny,

 Analysis performed on 2018 data sample (trigger), with ~ 2 fo~! and using 7 = u Uy, BY - K*y and BSO — by as calibration

and control modes

B(B? — vy) < 2.7(2.7) x 107°,
B(B° — vvy) < 0.83(0.79) x 107°
o(pp — mX) x B(my — v7y) < 765 (710) pb

—————————
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https://arxiv.org/abs/2507.14390

CP violation + CKM

Inclusive Flavour tagging

* Profiting from all tracks in the event, unlike classical Same Sign or Opposite Sign taggers

LHCb-PAPER-R025-024

arXiv:2508.20180

. Mis-tag probability calibrated on B — J/wK*zx~ and B — D™, tagger trained on simulated signal samples

* Improvements channel dependent, but obtaining about 20-35% (in Run 2) improvement when compared to the
combination of classical taggers.

 Based on DeepSets [arxiv:1703.06114]
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arXiv:2505.03483

L FU- RK at h Ig . qz LHCb-PAPER-2024-056

JHEPO7(L2025)198
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https://arxiv.org/abs/2505.03483

Heavy ions

 New strategies to study the dynamics of Quark-Gluon-Plasma:

Collective flow in pPb collisions

 QGP behaves as a quasi-ideal fluid — can be described using hydrodynamic equations

 The geometry of the colliding systems affects the pressure gradients in the QGP, modulating the azimuthal distribution of the
produced particles

LHCb-PAPER-2025-003
arXiv:25056.09273

e Angular distribution described with a Fourier expansion : second coefficient — elliptic flow, third —triangular flow, ...

* First measurement of charged-particle flow harmonic coefficients in pPb collisions (2016 data)

* the elliptic flow is observed to increase with multiplicity

 However, for a given multiplicity no significant differences are observed between the forward and backward configurations (pPb-Pbp).
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https://arxiv.org/abs/2505.09273

 Run 3 operations
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Increasing the data sample

Runsi&2 We are here

~9 visible
~1 visible - .
interactions Q Interactions

2021 2022 2023 2024 2025 2026 2027 2028 2029

J|FIMAM 3|3|Als|oN[D] 3| FiM[AM| 3| 3|A[s|OIN|D| 3| FIM AIM] 3| 3|AlS|ON|D] 3| FlM[AM| 3| 3 N[D{J|FIMAM| 3|3 NID|{J|FIMAM| 3| 3|Als|OIN|Df 3| FiM[AM| 3| 3|AlS|OIN|Df 3| F[M|AM| 3] 3] Al S|O|N|Df 3| FIM|AIM| 3] 3| A S|OIN[D

 Main factor in Run 2: higher
\/E — higher 6, — more data

e After Run 2: increase the

: : : Run 3 Long Shutdown 3 (LS3)
instantaneous luminosity (x5) — o 1]
more collisions per bunch crossing

2030 2031 2032 2033 2034 2035 2036 2037 2038

J|FIMAM 3|3|AlS|ON[D| | FIM[AM| 1| ] J[FIMAM[ 3] J|FIMAM 3|3]|AlS|ON[D| 3| FIM[AM| 1|3 |A[S|OIN|D[ 3 [FIMIAM[ 3] J|FIMAM|3|1]|AlS|ONID| 3| FIM[AIM| 1|1 |AlS|OIN|D

 While keeping the performance!

Run 4

LS4

Run 5

* Fully software trigger (x ~2
hadronic modes)

Upgrade | Upgrade Il

2039 2040 2041
* total of factor >10 increase : JEHAMIITAS

relative to Run2

~40 visible

Shutdown/Technical stop i 1
Protons physics I nte raCt I 0 n S
Ions

U pg rade I I Commissioning V\.Iitl’.l bgam

Hardware commissioning
Last update: November 24
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LHC schedule: 1hc-commissioning.web.cern.ch
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http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm

The LHCb detector in Upgrade | (running now)

Upgraded Calorimeter
Front-End electronics
Removed SPS/PS

Magnet SciFi

Tracker

Upgraded muon
chambers Front-End
electronics, M1
removal

Software only trigger

30 MHz processing

New Tracking stations
(Silicon Microstrips + Scintillating fibres)

M. Vieites Diaz, CPAN, 21/11/2025

LHCDb Upgrade 1
arXiv:2305.105815
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https://arxiv.org/abs/

Running the new detector

Total recorded luminosity — pp — 31.7 fb™!
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b S /
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Collision system s =
. ST . oL—
Fixed target, injecting different R R S
gasses i% the cJ:oIIisign region R A A
LHCb Runs 1 and 2 pp data LHCb Run 3 pp data sample
sample: (2011 - 2018) ~ 9 fb~! (2022 - ongoing) ~ 22.5 fb~!

LHCb Operations: https://Ibgroups.cern.ch/online/OperationsPlots/index.htm
M. Vieites Diaz, CPAN, 21/11/2025



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

LHCb Upgrade: fully software trigger

* All subdetectors read out at 40MHz — full software trigger

1.00E+08
REAL-TIME LHCb Run 5 ¢
ALIGNMENT & 1.00€+07 ' an 4-
CALIBRATION ( LHCb Run 3@ ®. CMS HL-LHC
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1.5 g " LHCb Runs 1&2
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4 & SELECTIONS 120 : C -cc’ 1.00E+03 te: DUNE
TB/s GB/s 3 CDF/DO & Babar .
l : ¢ Kloe
- 1.00E+02 o, o
..0 - Hl / ZEUS
» UA1 .
STEP 2: 1.00E+01 | ¥ NA49
FULL DETECTOR PHYSICS LEP
RECONSTRUCTION ANALYSIS ®
& SELECTIONS 1.00E+00
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Highest throughput of any HEP experiment
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BusCa: going after LLPs

LHCb-FIGURE-2025-002
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Preliminary studies of PbPb 2024 run

. Ongoing analysis of the 2024 PbPb run: 0.43 nb™! at | /sy = 5.36 TeV

» Good charged kaon identification at 30% — 50 % centrality

 (in Run2, only access to 65% centrality)

» Clear signals of open charm (D*, D7) and beauty (B¥) in PbPb collisions

LHCb-FIGURE-2025-004

LHCb-FIGURE-2025-005
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https://lbfence.cern.ch/alcm/public/figure/details/4695
https://lbfence.cern.ch/alcm/public/figure/details/4677

Heavy ions

Heavy flavour in fixed-target data

LHCDb-FIGURE-2025-019
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Electrons in Run 3

LHCb-FIGURE-2024-038
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 Good performance of the vertexing
 New software trigger, huge gain in softer tracks

» Particle identification efficiency remains well behaved at 10

More on LHCb’s Run3 performance

high detector occupancy
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https://lbfence.cern.ch/alcm/public/figure/details/3983
https://lbfence.cern.ch/alcm/public/figure/details/3837
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Rare decays . _|_ _|_ _|_ —_—
== Angular analysis of B™ — K J/w( = U U™) 1ucsarenzoeson

(In preparation)
» Angular distribution parameterised by the forward-backward asymmetry, A5, and the 5 : T
, _ . : —  LHCb 7103pb™" -
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CPV in the Charm sector with Run3 data LHCb-PAPER-2025-036

arXiv:2510.14732

« Study of CPV in the up-type quark sector by measuring ACP(DO — KgKg)
. DY/DV tagged by accompanying pion D™ = D% soft tagging pion 7 could introduce asymmetries

. D' > Kgﬂ+ﬂ'_ used as control mode and tagged with the same method as the signal

. . . . g . . i | I |
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http://arxiv.org/abs/2510.14732
https://doi.org/10.1140/epjc/s10052-024-13244-0

The future: LHCb Upgrade 2

e Additional challenges: much higher occupancy per event and track

candidates, as well as radiation! LHCD Scoping Document LHCD Upgrade
CDS:LHCb-TDR-026 CDS:LHCb-TDR-023
* Requirement to include timing information to correctly assign tracks to b T
vertices \
* The scientific review of the LHCb Upgrade Il Scoping Document has been |l HCb LHCb
concluded by the LHC Committee, and the CERN Research Board has Scoping Document UPGRADE II

endorsed their conclusions — “middle” scenario recommended

r‘;‘; - ‘!‘:‘ x“" T el

* Technical Design Reports for the sub-detectors are the next big
milestone! To be delivered in 2026.

. Target data sample to be collected: 300 fb~!

 Significant Spanish contributions to the VELO, SciFi, CALO and .. o TR B
Trigger&Software (reconstruction and PID) projects !!
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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

Summary

Total recorded luminosity — pp — 31.7 fb™

Publishing highly specialised analyses — experience + new developments 0 Run'3-22.56/1 rach

— 2025 (13.6 TeV): 11.81/1b m

— 2024 (13.6 TeV): 9.56/fb
2023 (13.6 TeV): 0.37/1b

— 2022 (13.6 TeV): 0.82/1b

Physics case keeps expanding 25

Run2-590/fb

— 2018 (13TeV): 2.19/fb
200 2017 (13TeV): 1.71/1b
2016 (13 TeV): 1.67/fb

2015 (13TeV): 0.33/fb

Available sample sizes still constrain many analyses, updates and

improvements to be expected with more data

Recorded integrated luminosity [fb™]

15 Run1-3.23/fb
Data taking with the upgraded detector proceeding very well — e
10 / LS2 7
Upgrade 2 project quickly evolving! . /
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