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The LHCb detector in a nutshell*

Originally designed to study CP violation and rare 
decays in beauty and charm decays:


✓Excellent tracking and vertexing


✓Excellent Particle identification


✓Excellent momentum resolution


✴Complicated geometry


✴Not hermetic 


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

→
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LHCb Detector Performance
International Journal of Modern Physics A 
Vol. 30, No. 7 (2015) 1530022 
2008 JINST 3 S08005

ΔE/EECAL = 1% + 10 % / (E[GeV])

*Runs 1&2 Edition

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

pp
fb−1

LHCb Run 3  data sample 
(2022 - ongoing) ~ 22.5 

pp
fb−1  Upgrade I, currently taking data←

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


M. Vieites Díaz, CPAN, 21/11/2025

The LHCb detector in a nutshell*

Originally designed to study CP violation and rare 
decays in beauty and charm decays:


✓Excellent tracking and vertexing


✓Excellent Particle identification


✓Excellent momentum resolution


✴Complicated geometry


✴Not hermetic 


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

→

3

CP violation + CKM

Rare decays

Spectroscopy

Electroweak and QCD

Dark sector

Heavy ions

Fixed target

or
ig

in
al

 p
ro

gr
am

m
e

{

LHCb physics

Charm

Strange



M. Vieites Díaz, CPAN, 21/11/2025

Selected results

• General LHCb highlights


• Recent highlights from the Spanish groups


• Run 3 operations


• A glimpse at Upgrade 2 planning
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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:

5

• Measurement of  asymmetries in  
decays 


• Observation of charge-parity symmetry 
breaking in baryon decays


• Study of   and  decays to  and 
evidence for  violation in  

CP Λ0
b → ph−

Λ0
b Ξ0

b Λh+h′￼−

CP Λ0
b → ΛK+K−

LHCb-PAPER-2024-048 
arXiv:2412.13958

LHCb-PAPER-2024-054 
arXiv:2503.16954

LHCb-PAPER-2024-043  
Phys. Rev. Lett. 134 (2025) 101802

CP violation + CKM

https://arxiv.org/abs/2412.13958
https://arxiv.org/abs/2503.16954
https://arxiv.org/abs/2411.15441
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Observation of baryonic CP asymmetry

•Using Run1+Run2 dataset, by performing the  yield asymmetry measurement in regions of phase-
space.


•Corrections from differences in production and detection effects (~1%) measured in the  
control channel. 


•Phase-space integrated asymmetry measurement of  ( )

•Tested phase-space regions with known resonances, with different decay topologies

Λ0
b → pK−π+π−

Λ0
b → Λ+

c ( → pK−π+)π−

(2.45 ± 0.46 ± 0.10) % 5.2σ
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LHCb-PAPER-2024-054 
arXiv:2503.16954 

Nature 643 (2025) 1223

CP violation + CKM

https://arxiv.org/abs/2503.16954
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A new handle on the SL feed-down

• First evidence for the  decay


• Hadronic  decays and fully hadronic decays in the  
decay chain


• Using LHCb data from Run 1 + Run 2, evidence of the 
decay mode at the level of 


• Analysis statistically limited, however: 


• Validated feed-down assumptions in  analyses 
(expected shift well within )


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

B− → D**0τ−ντ

τ D**

3.5σ

ℛ(D(*))
1σ
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LHCb-PAPER-2024-037 
[arxiv:2501.14943]

CP violation + CKM

https://arxiv.org/pdf/2501.14943
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Measurement of the  boson mass at LHCbZ
• Most precise  mass measurement at LEP, now challenged by hadron collider experiments


• LHCb performed the first dedicated  boson mass measurement at the LHC in the decay  in 2016 data


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


• LHCb is the first LHC experiment to have measured all three of  and  !  

Z

Z Z → μ+μ−

mZ, mW sin2 θℓ
eff

8

Fitting #!

42

Chi squared 44.2/37
Z mass	 @I	 91xxx ± 8.5 MeV

q/p smearing factor 1.25 ± 0.06
correlation 0.015

Result

$"= 91184.2 ± 9.5	MeV

48
Scan of the dimuon mass distribution with simulation at varying 

masses to determine the  boson massZ

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

Electroweak and QCD
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Comparison with previous result
Compare new nominal (including extra parameters) with old:

• This is a re-analysis - the 8.4 fb�1 results supersede the previous
• New results consistent with previous LHCb measurement (4.7 fb�1) and with most

recent CMS measurement (140 fb�1)
B0 ! K⇤0

µ
+
µ
� 9 September 2025 33 / 38

Angular analysis of  at LHCbB0 → K*0μ+μ−

• Binned angular analysis of  with  from Run1+2 data


•  transition, rare decay, very sensitive to New Physics contributions


• improved selection, more observables (CPV, …)


• include finer  binning


• take into account effects of lepton masses


• Excellent agreement with previous results 

• Confirms previous long standing tension with SM predictions

B0 → K*0μ+μ− 8.4 fb−1

b → sℓℓ

q2
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Figure 7: Results for the Wilson coe!cient shifts using the angular observables and branching
fraction obtained from fit setup (i). (Top) In the first New Physics scenario, only ”Re(C9)
is floated, while the other Wilson coe!cients are fixed to their SM values. (Bottom) The
second scenario allows both ”Re(C9) and ”Re(C10) to float. The results for these scenarios
are extracted using both the (left) Flavio and (right) EOS frameworks.

Results for fit configurations (iii)-(vi)419

The results for the fit configurations (iii) to (vi) and the corresponding SM predictions420

are displayed in Figs. 8-25.421

36

∼ 2.7σ ∼ 3.1σ
4.0σ 4.1σ

PRELIMINARY

PRELIMINARY

LHCb-PAPER-2025-041 
(In preparation) 

Rare decays

PRELIMINARY
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Shedding light on the 20Ne nucleus shape

• Measure the anisotropic flow coefficients in PbNe and PbAr coll. at  GeV


• Fixed-target data from the 2024 Heavy ions run


• ECAL energy used as centrality proxy


• Expect the non-spherical 20Ne to show an 
elliptic flow coefficient  different from that of the nearly spherical 40Ar


• Result in line with theoretical predictions, confirming the 
20Ne peculiar shape  loads of excitement in the Heavy Ion community!

sNN = 70.9

v2

⇒

10

0 5000 10000
310×

 [MeV]ECAL
totE

310

410

510

610

710

Ev
en

ts 
pe

r 5
0 

G
eV LHCb Preliminary
 = 70.9 GeVNNs2024 PbNe 

0 5000 10000
310×

 [MeV]ECAL
totE

310

410

510

610

Ev
en

ts 
pe

r 5
0 

G
eV LHCb Preliminary

 = 70.9 GeVNNs2024 PbAr 

Figure 5: Assumed EECAL
tot spectrum for (top) PbNe and (bottom) PbAr collisions for the

definition of the centrality proxy qc(EECAL
tot ). Quantile boundaries for the centrality intervals of

interest for this analysis, namely 0 to 69% in steps of 3%, are shown.

confirming the validity of the cumulant method in its first use at LHCb in this analysis.207

Smaller values are found for v2{4}, consistent with previous observations at RHIC and208

LHC. This is expected from lower nonflow e!ects and/or from the larger smearing e!ect209

due to eccentricity fluctuations.210

Another set of weights is computed using Eq. 7 to correct for e”ciency e!ects also211

depending on pT, ω, and multiplicity, quantities not taken into account in the central212

values of the results in Fig. 4. After recomputing the flow coe”cients with this alternative213

weighting strategy, consistency within the statistical uncertainties of the results in Fig. 4214

is found.215

5 Results for PbNe and PbAr collisions216

The cumulant method validated in the previous section is applied to the fixed-target217

PbNe and PbAr collision data after the event and track selection described in Sec. 3. A218

preliminary estimator of the centrality in these events is provided by the complementary of219

the quantile of the ECAL energy distribution qc(EECAL
tot ) → 1↑ q(EECAL

tot ). After correcting220

for the argon contamination in the PbNe sample (see Fig. 2), the distribution of this221
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Figure 7: Results for the measurement of the (top left) v2 and v3 flow coe!cients as a function
of the centrality proxy qc(EECAL

tot ) in PbNe and PbAr collisions, along with their (top right) ratio
between PbNe and PbAr collisions. The error bars indicate the statistical uncertainty and
the shaded boxes the total systematic uncertainty, resulting from the quadratic sum of the
single contributions discussed in the text. Plots taken from Ref. [31] with (bottom) 3+1D
hydrodynamic predictions and ab-initio nuclear structure inputs are also shown for comparison.

for the precise characterisation of the emergence of collective dynamics in small systems.321
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Hydrodynamic simulations—We perform event-by-
event hydrodynamic simulations of 20Neþ 20Ne and 16Oþ
16O collisions by means of the Trajectum framework
[44,79–81]. The calculations start with configurations of
nucleons in the colliding nuclei, taken from either the
PGCM or the NLEFT results [82]. Each collision is then
assigned to an impact parameter, participant nucleons are
selected, and energy density is deposited in the transverse
plane. Following a brief pre-equilibrium phase, the system
is evolved as a relativistic viscous fluid. Hydrodynamic
cooling lasts until the local temperature reaches a critical
value (T ∼ 154 MeV), below which hadronization occurs.
Subsequent strong decays and rescattering of hadrons are
computed by the SMASH code [83–85], leading to the
particle distributions in the final state. These are analyzed to

construct multiparticle correlations following the experi-
mental protocols. We define the collision centrality from
the multiplicity of charged particles with pT ≥ 0.4 GeV
and jηj ≤ 2.4, with 0% centrality corresponding to the limit
of small impact parameters.
The parameters of the model are chosen probabilistically

by sampling from the posterior distribution inferred in a
Bayesian analysis of 208Pbþ 208Pb collisions, within the
same model [86]. We use twenty different samples from the
parameter space to quantify the uncertainty on the results
coming from wide parameter variations. This represents the
largest part of the Trajectum systematic uncertainty, which
in addition also takes into account effects of finite grid
spacing (as discussed in SM).
Our results for pT-integrated observables that character-

ize the collective flow of hadrons are displayed in Fig. 2.
Our first remark concerns the cancellation of uncertainties
we observe when a relative variation of observables, e.g., a
ratio, is taken between 16Oþ 16O and 20Neþ 20Ne colli-
sions. The dominant uncertainty on the absolute magnitude
of the results (upper two plots in each panel) is the
systematic one. However, in the relative variations (lowest
plots) the contribution from the systematic error becomes
nearly equal to that from the statistical error. This enables
us to make robust predictions for percent-level variations of
observables across the two systems. As discussed in SM,
the larger uncertainty affecting the PGCM results is due to
the ambiguities of the empirical method used to extract the
correlated distributions of nucleons. The systematic uncer-
tainty coming from the NLEFT simulations includes as
well the impact of systematic variations of the low-energy
constants of the pionless EFT.
We discuss now those observables that are more strongly

impacted by the bowling-pin shape of 20Ne. The first is the
rms elliptic flow, v2f2g, in the lower-left panel of Fig. 2.
We find

v2f2gNeNe
v2f2gOO

¼
(
1.174ð8Þstatð31Þ

Traj
syst ð4Þstrsyst ðNLEFTÞ;

1.139ð6Þstatð27Þ
Traj
syst ð28Þstrsyst ðPGCMÞ;

in the 0%–1% most central events. This is nearly identical
for both nuclear structure inputs, implying that the
enhancement of fluctuations in the second harmonic
predicted by the NLEFT simulations for 20Neþ 20Ne
collisions is largely captured by the (randomly oriented)
bowling pin predicted by the PGCM calculation. The v2f2g
ratio between 20Neþ 20Ne and 16Oþ 16O collisions is as
large as that expected between peripheral (∼60% off-
central) 208Pbþ 208Pb collisions and central 16Oþ 16O
collisions [43,44]. However, the cancellation of uncertain-
ties that we achieve here is only possible because we
consider experiments with two ions close in mass. We
stress that this includes uncertainties related to the detailed
modeling of subnucleonic structures, effectively validating

FIG. 1. Point-nucleon densities of 16O and 20Ne obtained from
particle-number-projected Hartree-Fock-Bogoliubov states with
deformations constrained to the predictions of the ab initio
PGCM framework. The background plots show slices of the
densities through the origin. The black dots and lines show the
centers and boundaries of the regions used in the clustered
sampling method (see text and SM for details).

PHYSICAL REVIEW LETTERS 135, 012302 (2025)
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Figure 7: Results for the measurement of the (top left) v2 and v3 flow coe!cients as a function
of the centrality proxy qc(EECAL
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between PbNe and PbAr collisions. The error bars indicate the statistical uncertainty and
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hydrodynamic predictions and ab-initio nuclear structure inputs are also shown for comparison.

for the precise characterisation of the emergence of collective dynamics in small systems.321

12

Theory

C
hu

n 
S

he
n,

 Q
M

20
25

LHCb-CONF-2025-001 
CDS Link

Heavy ions
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Semileptonic hyperon decays: Λ → pμ−νμ

• New branching fraction measurement with data from 2016-2018 (5.4 fb )


•  transition, allows for LFU test in new sector and an independent input (to that from kaon decays) on , 
albeit less precise


•  as normalisation mode

• Selection heavily based on kinematic constraints

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

contributions. 

−1

s → u |Vus |

Λ → pπ

12

ℬ(Λ → pμ−νμ) = (1.462 ± 0.016 ± 0.100 ± 0.011) × 10−4

LHCb-PAPER-2025-030 
arXiv:2511.15681

Highest signal 
contribution

Rμe
exp = 0.175 ± 0.012

QCD Lattice,  0.1735 ± 0.0098
arXiv:2507.09970

CP violation + CKM

https://arxiv.org/pdf/2511.15681
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Kaon decays

• First search for , probing contributions from , 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  as normalisation mode, tight selection leaves only combinatorial background to be 
dealt with in the fit

KS(L) → ππμμ KS(L) → ππγ*

KS → ππ

13

LHCb-PAPER-2025-045 
arXiv:2511.02619

Strange



M. Vieites Díaz, CPAN, 21/11/2025

ALP to diphoton searches

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

• 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  and to better study the  bound state 


• Analysis performed on 2018 data sample (trigger), with  and using ,  and  as calibration 
and control modes

→

B0
(s) → γγ bb ηb

∼ 2 fb−1 η → μ+μ−γ B0 → K*γ B0
s → ϕγ

14

LHCb-PAPER-2025-012 
arXiv:2507.14390
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Inclusive Flavour tagging

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


• Mis-tag probability calibrated on  and , 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]

B0 → J/ψK+π− B0
s → D−

s π+

15

LHCb-PAPER-2025-024 
arXiv:2508.20180

Mistag calibration →

 Performance 
comparison

←

CP violation + CKM
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LFU:  at high RK q2

• Test of lepton universality in  decays in region of dilepton 
mass-squared region , using Run1+Run2 dataset ( )


• Challenges from electron bremsstrahlung corrections and 
distorted phase-space distribution at high 


• Ratio of branching fractions  compatible with SM prediction

B± → K±ℓ+ℓ− (ℓ = e, μ)
q2 > 14.3 GeV2/c4 9 fb−1

q2

RK

16

Figure 11: Likelihood scan for RK with the best-fit value (golden star) and expected value
(vertical dashed line) highlighted. The 1� and 2� confidence regions are indicated by the dark
and light-shaded regions, respectively.
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function and again including them. The former profile returns the statistical uncertainty,674

whereas the latter profile yields the total uncertainty on RK . The systematic uncertainty675

is then determined by subtracting the statistical from the total uncertainty in quadrature.676

The measurement is compatible with the SM and with previous measurements [49].677

It is the first measurement of RK in the high q
2 region at a hadron collider and is the678
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Figure 10: Invariant-mass distribution (left) of the inverted PID data control sample and (right)
of the rare electron mode data, compared to the corresponding fits described in the text. The
former fit is used to extract the parameters of the misidentified background component that is
injected into the latter fit, which is used to determine N(K+e+e�), and hence RK .

Table 3: Summary of systematic uncertainties on RK , with all systematic uncertainties provided
relative to the central fitted value of RK .

Systematic Size

Fit bias 1.1%
Signal model 0.9%
Partially reconstructed background 2.2%
Combinatorial background 1.2%
Misidentified background 2.0%
Excluded backgrounds 0.6%
q
2
true model-independent method 0.6%

E�ciencies corrections 0.9%

6 Systematic uncertainties550

The most significant sources of systematic uncertainty stem from the modelling of the551

invariant-mass fit to rare electron data. Additionally, there are systematic uncertainties552

relating to the correction chain applied to the simulated samples. Finally, there is a small553

source of systematic uncertainty arising from variations to the q
2
true model-independent554

approach for extracting RK . A breakdown of all systematic uncertainties is presented in555

Table 3, and further details are outlined in the following text.556

Systematic uncertainties associated with the rare electron mode fit are evaluated using557

pseudoexperiments, which are generated based on the distribution shown as the red line558

on the right-hand side of Fig. 10. Each pseudoexperiment is fitted with the baseline model559

to estimate the intrinsic bias on RK . The bias is corrected in the final RK result and is560

further included as a systematic uncertainty. All systematic uncertainties are expressed as561
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Figure 8: Visualisation of the phase-space (left) in a two-dimensional representation of the
integrand of Eq. 10 parametrised in q2 and m(K+e+e�) and (right) the phase-space model for
two highlighted q2 regions.

phase-space model for the high q
2 region has the expected characteristic of decreasing in454

size as m(K+
e
+
e
�) decreases towards 4300 MeV/c2.455

The advantage of using a physics-motivated model to describe the combinatorial456

background lies in the ability to reduce the number of free parameters needed to parametrise457

the shape. By fixing the parameters qmin and qmax to their expected values and only458

allowing � to freely float, the uncertainty on the extracted B
+

! K
+
e
+
e
� yield is reduced,459

which translates to a reduced RK uncertainty.460

The m(K+
e
+
e
�) distribution of combinatorial events in data is impacted by detector461

e↵ects, which are not accounted for in the derivation of the phase-space model. To account462

for this, the phase-space model is corrected in a data-driven approach using information463

from control samples.464

The first control sample used is the mixed sample. This is a sample produced by465

combining a K
+, e

+ and e
� candidate from three randomly selected events from the466

data. For each new K
+
e
+
e
� candidate, kinematic quantities such as m(K+

e
+
e
�), q

2
track467

and m(K+
e
�) are computed. The mixed sample is used to derive corrections to account468

for the kinematic e↵ects of the charm cascade veto m(K+
e
�) > 1885MeV/c2, and the469

assumption in the derivation of the phase-space model that a cut is made on q
2
true, whereas470

in reality, the selection is based on q
2
track. Both e↵ects act to exaggerate the sculpting,471

removing more candidates with a low value of m(K+
e
+
e
�).472

The model is then compared to the rare electron mode data sample with an inverted473

selection requirement on the combinatorial BDT response. The inverted BDT requirement474

ensures that the sample is dominated by combinatorial background and that signal-like475

backgrounds are suppressed to negligible levels. The combinatorial model is fit to the476

inverted BDT sample, with only � allowed to float. The fit result is illustrated by the477

grey curve on the left-hand side of Fig. 9. The minor discrepancies between the inverted478

BDT data and the fitted model are expected to be a result of other aspects of the data479

selection that have not been considered. To account for this, the combinatorial model is480

multiplied by an additional polynomial that reduces these dependencies, demonstrated by481

the blue curve.482
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Figure 7: Distribution of m(K+µ+µ�) for the rare muon data compared to the result of the fit
described in the text. The samples from all data-taking years are combined.

An exponential function is used to model the combinatorial background, with its386

normalisation and slope parameter allowed to float freely in the fit. The projection of the387

fit to the rare muon mode data is shown in Fig. 7. The fitted yield of B
+

! K
+
µ
+
µ
�

388

decays is N(K+
µ
+
µ
�) = 4008 ± 71.389

5.2 Electron rare mode fit390

The yield of B
+

! K
+
e
+
e
� decays, N(K+

e
+
e
�), is extracted by performing an extended391

maximum-likelihood fit to the m(K+
e
+
e
�) distribution of the rare electron data using392

the zfit package [44, 45]. The components used in the fit are summarised in this section.393

The invariant-mass parametrisation of the signal component has a significant depen-394

dence on whether the bremsstrahlung recovery algorithm resulted in photons being added395

to none, one or both electron candidates. These are referred to as categories 0�, 1� and396

2�, respectively. For this reason, the simulation is split according to bremsstrahlung397

category, and a distribution is obtained for each category separately. The resulting three398

distributions are then summed. The fraction of events expected in each bremsstrahlung399

category is estimated using B
+

! K
+
e
+
e
� simulated events, and these estimates are used400

to fix the fraction each model contributes to the total signal peak. Due to the use of q
2
track401

in the data selection, only a small fraction of decays in 2� (5.4%) compared to 0� (54.7%)402

and 1� (39.9%) are expected.403

Each bremsstrahlung category requires a separate shape description. Category 0� is404

modelled by a sum of two Crystal Ball functions, one with a power law tail above the405

mean mass and the other with a tail in the opposite direction. Two Gaussian distributions406

are also included, one to improve the modelling of the low mass tail and the other to407

improve the modelling of the core of the distribution. Similarly, category 1� is modelled408

with the sum of two Crystal Ball functions and a Gaussian distribution that improves409

the modelling of the distribution’s core. Finally, category 2� is modelled with the sum of410

two Crystal Ball functions with opposite tail parameters. For all categories, the model411

parameters are obtained by fitting the B
+

! K
+
e
+
e
� simulation. The distributions for412
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LHCb-PAPER-2024-056 
arXiv:2505.03483 
JHEP07(2025)198

Rare decays

https://arxiv.org/abs/2505.03483
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Collective flow in pPb collisions

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


• 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


• 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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Heavy ions LHCb-PAPER-2025-003 
arXiv:2505.09273

https://arxiv.org/abs/2505.09273
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Selected results

• General LHCb highlights


• Recent highlights from the Spanish groups


• Run 3 operations


• A glimpse at Upgrade 2 planning

18
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Increasing the data sample

• Main factor in Run 2: higher 
higher more data


• After Run 2: increase the 
instantaneous luminosity (x5)  
more collisions per bunch crossing


• While keeping the performance!


• Fully software trigger (x ~2  
hadronic modes)


• total of factor >10 increase 
relative to Run2

s → σbb →

→
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LHC schedule: lhc-commissioning.web.cern.ch

~5 visible 
interactions

~40 visible 
interactions

~1 visible 
interactions

Runs1&2

Upgrade I

Upgrade I Upgrade II

Upgrade II

We are here

http://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
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The LHCb detector in Upgrade I (running now) 

20

LHCb Upgrade I 
arXiv:2305.10515

New VELO  
Pixels

New RICH PMTs 
New electronics

New Tracking stations 
(Silicon Microstrips + Scintillating fibres)

Upgraded Calorimeter 
Front-End electronics 

Removed SPS/PS

Upgraded muon 
chambers Front-End 

electronics, M1 
removal

Software only trigger 
30 MHz processing  

Peak luminosity : 4 × 1032 − 2 × 1033 cm−2s−1

https://arxiv.org/abs/
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Running the new detector

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

pp
fb−1

LHCb Run 3  data sample 
(2022 - ongoing) ~ 22.5 

pp
fb−1
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LHCb Upgrade: fully software trigger

• All subdetectors read out at 40MHz → full software trigger

22

Highest throughput of any HEP experiment

Figure 7: Instantaneous data rates (bandwidth) of HEP experiments over the past four decades.
Data compiled by A. Cerri (University of Sussex) and used with permission.

price envelope, also in light of ongoing R&D activities. As a result, the baseline design of
the FTDR is largely confirmed, with a few notable exceptions:

• a → 30% reduction of the area covered by the MT pixels, made possible by tech-
nological improvement of the fibre tracker making it capable of withstanding the
higher doses expected in the regions of the detector closer to the beam;

• a → 25% reduction of the outer UP acceptance, since this area is much less illuminated
and therefore does not bring substantial benefit to the global tracking performance;

• the full reuse, after proper refurbishment, of all of the Shashlik modules of the
present calorimeter for the outer regions of the future PicoCal.

The above optimisations are not expected to produce significant performance degradation
at the nominal peak luminosity of 1.5 ↑ 1034 cm→2 s→1, and lead to a large cost reduction
of about 20% for the Mighty-Pixel, UP and PicoCal subdetectors. This, however, is
compensated by an overall increase of the other detectors due to a combination of
inflation-related e!ects and design updates. The cost of all of the subdetectors as recently
re-estimated is listed in Table 5, together with the relative change with respect to the
FTDR [5]. Besides the physical subdetectors, the table includes separately also the cost
of the trigger farm (RTA project), of the DAQ system (online project) and of the general
detector infrastructure. The total cost envelope sums to → 182 MCHF, which exceeds by
only → 4% the value estimated in the FTDR, → 175 MCHF.

2.2 Scenarios at reduced cost

Since the approval of the FTDR [5], the whole project has undergone an intense review,
to define descoping options capable of reducing the core cost of the detector. As cost

23
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BusCa: going after LLPs

• A Buffer Scanner, designed to search for LLPs using Downstream tracks (no VELO)


• Model independent, running at HLT1 level


• Provides 1D/2D histograms based on flight distance (vertexing) and preliminary 
kinematic estimations


• Current focus on understanding the data: light resonances, strange decays, known 
backgrounds…


• Good agreement with simulation from expected backgrounds


• Results will guide future development of trigger lines
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Preliminary studies of  2024 runPbPb
• Ongoing analysis of the 2024 PbPb run:  at 


• Good charged kaon identification at centrality


• (in Run2, only access to 65% centrality)


• Clear signals of open charm ( , ) and beauty ( ) in  collisions

0.43 nb−1 sNN = 5.36 TeV

30% − 50 %

D± D±
s B± PbPb
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Heavy ions

https://lbfence.cern.ch/alcm/public/figure/details/4695
https://lbfence.cern.ch/alcm/public/figure/details/4677
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Heavy flavour in fixed-target data

• Fixed-target data collected with 
SMOG-2 system

• gas injection in primary LHC vacuum

• collect data with various gas targets 

• Example of signal from 
fixed-target data collected 
during 2025 Oxygen and Neon runs 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Electrons in Run 3

• x5 visible interactions  x5 tracks: Run 3 has a harsher 
environment.


✓Improved vertexing and tracking, better efficiency 
expected in track matching


✓Removal of hardware trigger: large efficiency increase 


✓  Extra: better kinematic overlap with the muon 
samples (better control of the systematics in ratios) 


๏Larger occupancy implies larger backgrounds in a 
busier calorimeter


๏Momentum and mass resolution with 
Bremsstrahlung recovery become more challenging


✓Brem. recovery algorithms have been re-written 
and improved to help coping 

✓Quicker access to higher level information to make 
selections more efficient

→
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+0γ +2γ

Hand-wavy math

LHCb-FIGURE-2023-010J/ψ → ee

Rare decays

LHCb-FIGURE-2024-038
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More on LHCb’s Run3 performance

• Good performance of the vertexing


• New software trigger, huge gain in softer tracks


• Particle identification efficiency remains well behaved at 
high detector occupancy 

27

LHCb-FIGURE-2024-031

LHCb-FIGURE-2024-030

https://lbfence.cern.ch/alcm/public/figure/details/3983
https://lbfence.cern.ch/alcm/public/figure/details/3837
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Excellent PID!
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LHCb-FIGURE-2025-016
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Angular analysis of B+ → K+J/ψ( → μ+μ−)
• Angular distribution parameterised by the forward-backward asymmetry, , and the 

flatness parameter, , constrained by angular momentum conservation


• Very well defined measurement to check understanding of new detector


• Using 1.1  of data collected in October 2024

AFB
FH

fb−1
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Differential variation of the observables as a function of 17 test variables

Excellent stability!

LHCb-PAPER-2025-040 
(In preparation)

Rare decays
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CPV in the Charm sector with Run3 data
• Study of CPV in the up-type quark sector by measuring 


•  tagged by accompanying pion : soft tagging pion  could introduce asymmetries 


•  used as control mode and tagged with the same method as the signal

ACP(D0 → K0
SK0

S)

D0/D0 D*+ → D0π+ π+

D0 → K0
Sπ+π−

30

ACP(D0 → K0
SK0

S) = (1.86 ± 1.04 ± 0.41) %

LHCb-PAPER-2025-036 
arXiv:2510.14732 

Figure 3: Results of the charge-separated 3D fit for the sample satisfying the high purity selection
and integrating all data blocks. The left (right) column reports histograms for the D0 (D0)
candidates. !m distributions are reported in the top row. The masses of the two K0

S candidates
are reported in the middle and bottom rows. The D0

→K0
SK

0
S component is indicated by the red

area. For the m(ω+ω→) distributions the combinatorial component refers to random combination
of pions.

0.20%.295

Asymmetries arising from regeneration and from mixing and CP violation in the K0-296

K0 system are not a!ecting the signal sample, because of the presence of a pair of K0
S297

mesons in the final state. This is not the case instead for the D0
→K0

Sω
+ω→ calibration298

sample. In this case, to assess the impact of the neglected K0
S regeneration and oscillation,299

the dependence of A
CP (after the application of all weights) on the K0

S flight distance is300

examined using the calibration data. No evidence for a dependence is observed and an301

upper limit of 0.05% is set for the e!ect on the asymmetries, which is negligible compared302

to the statistical and systematic uncertainties.303

An additional source of systematic uncertainty arises from the limited knowledge of304

the shape of the mass distributions as the fit function is empirical. Any potential bias in305

the procedure is evaluated by fitting the model to simulated samples of pseudoexperiments306

from alternative models. The alternative models include: a sum of two Gaussian functions307

for the peaking component in the ”m distribution; a sum of three Gaussian functions308

for the peaking component in the m(K0
S) distribution; and a polynomial multiplied by a309

threshold function for the non-peaking component in the ”m distribution. These models310

9

Figure 4: Results of the charge-separated 3D fit for the sample satisfying the low purity selection
and integrating all data blocks. The left (right) column reports histograms for the D0 (D0)
candidates. !m distributions are reported in the top row. The masses of the two K0

S candidates
are reported in the middle and bottom rows. The D0

→K0
SK

0
S component is indicated by the red

area. For the m(ω+ω→) distributions the combinatorial component refers to random combination
of pions.

are selected based on their ω2 values, which indicate a goodness-of-fit to the observed311

data equivalent to the nominal model one. The largest observed variations are taken as312

the systematic uncertainty ranging between 0.1% and 1.9%, depending on the subsample.313

Assuming the e!ects of single data blocks to be fully correlated, the total systematic314

uncertainty associated with the choice of the fit model is 0.27%. A summary of all315

systematic e!ects can be found in Tab. 2.316

The data sample includes blocks of data recorded with both polarities of the LHCb317

magnet. To check for potential uncompensated systematic e!ects, the asymmetries of the318

Table 2: Summary of systematic uncertainty sources.

Systematic source Uncertainty
Calibration sample size 0.18%
k choice 0.20%
Fit model 0.27%

10

D0 D̄0

D̄0D0

Define two categories with different purities according to a MVA classifier

Figure 14: 2-dimensional distribution of log ω2
FD(K0

S) for the signal sample K0
S mesons. A

minimal selection on m(D0) and !m is applied to produce the plots: 1845MeV/c2 < m(D0) <
1885 MeV/c2, 143.5 MeV/c2 < !m < 147 MeV/c2.

�40 �20 0 20 40 60
ACP(D0

! K0
SK0

S) [%]

CLEO
–23 ± 19
LHCb 2015
–2.9 ± 5.2 ± 2.2
LHCb 2021
–3.1 ± 1.2 ± 0.4 ± 0.1
CMS
+6.3 ± 3.0 ± 0.2
Belle + Belle II 2025
–0.60 ± 1.10 ± 0.10
LHCb 2025
+1.9 ± 1.0 ± 0.4
LHCb average 2025
–0.37 ± 0.78 ± 0.29
World average 2025
–0.17 ± 0.62 ± 0.18

Figure 15: Visual display of A
CP (D0

→K0
SK

0
S) measurements. Also the average of all of the

LHCb measurements and the updated world average are reported.
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Eur. Phys. J C84 (2024) 1264

This analysis

Charm

http://arxiv.org/abs/2510.14732
https://doi.org/10.1140/epjc/s10052-024-13244-0
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The future: LHCb Upgrade 2

• Additional challenges: much higher occupancy per event and track 
candidates, as well as radiation! 


• Requirement to include timing information to correctly assign tracks to 
vertices 


• The scientific review of the LHCb Upgrade II Scoping Document has been 
concluded by the LHC Committee, and the CERN Research Board has 
endorsed their conclusions  “middle” scenario recommended


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


• Target data sample to be collected: 300   

• Significant Spanish contributions to the VELO, SciFi, CALO and 
Trigger&Software (reconstruction and PID) projects !! 

→

fb−1
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LHCb Upgrade II 
CDS:LHCb-TDR-023

LHCb Scoping Document 
CDS:LHCb-TDR-026

Upgrade II Peak luminosity : 1 − 1.5 × 1034 cm−2s−1

Upgrade I Peak luminosity : 4 × 1032 − 2 × 1033 cm−2s−1

ASIC will be designed in 28 nm technology. New radiation-hard silicon sensors will be
also developed, with R&D results identifying 3D sensors as a promising candidate for this
purpose.

For the tracking stations, high-granularity pixel sensors provide a solution to cope
with the high particle density in the UP and in the central MT region, and to minimise
the incorrect matching of upstream and downstream track segments. The emerging

Figure 5: Schematic side-view of the Upgrade II baseline detector. The x-direction is defined to
form a right-handed coordinate set, together with y (pointing vertically upwards) and z pointing
along the beamline in the direction from the VELO to the Muon detector.
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Figure 6: (Left) Tracks produced in a bunch crossing with 42 pp collisions, as seen from a
detector with no timing capability. (Right) Tracks selected in a 30 ps time window, showing a
drastic reduction of the vertex multiplicity to O(1). Tracks are coloured according to time of
production.
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Benefits of good timing!

https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf
https://cds.cern.ch/record/2903094/files/LHCB-TDR-026.pdf
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Summary
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• Publishing highly specialised analyses  experience + new developments 


• Physics case keeps expanding


• Available sample sizes still constrain many analyses, updates and 
improvements to be expected with more data


• Data taking with the upgraded detector proceeding very well


• Upgrade 2 project quickly evolving! 

→

LHCb has ~1800 members, ~1200 authors.


~39 (excluding students) in Spanish institutions!


