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Status of LHCb in July 2025
๏ 1848 members from 103 institutes (and growing)

๏ Almost 800 papers submitted
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Status of LHCb in July 2025

๏ Experiment was upgraded for Run-3
• Able to operate at 5x higher luminosity with no 

performance loss
• Readout at 30 MHz to GPU-based trigger
• Huge efficiency gains in several channels

๏ Integrated more lumi in 2024 than in Run 1+2 
→ about   in the LHCb acceptance

๏ Positive feedback from LHCC in May 2025:
• Successful work during YETS
• Smooth start to 2025 data-taking
• All subdetectors performing better than in 2024

‣ Stable DAQ of the UT and the 
‣ VELO performance fully recovered

1012 bb̄ LHCb-FIGURE-2025-015

Tr
ig

ge
r e

ffi
ci

en
cy

4

https://lbfence.cern.ch/alcm/figure/details/5590


LHCb physics in Bicocca

5

Charged-current 
b decays

Rare decays of 
 and b τ Charm decays
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Charged-current b decays

(1) Evidence for  decay  
PRL 135(2025)021802

(2) Precision measurement of  with  

(3) Precision measurement of  with 

(4) Search for  to test B meson sub-structure

B− → D**τν

|Vub | Bs → Kμν

|Vub | B+ → ρμν

B+ → ℓνγ
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Figure 3: (Top) Distribution of the mass di!erence between the D→→0 mass and the D→+ mass,
(bottom left) BDT-antiDs output distribution, and (bottom right) distribution of the ω↑εω
invariant mass squared, q2, for all candidates fulfilling the final D→→ selection. The fake D→→0

component is constructed with the WS data sample.

di!erence between the D1(2420)0 and the D→
2(2460)

0 states, a common template is used
for the sum of the two signal components. Their relative contribution is obtained from
their predicted production ratio and branching fractions to D→+ω↑ final states [42]. The
relative contribution of D

→
1(2400)

0 with respect to D→→0
1,2 is constrained to the theoretical

prediction of 0.4±0.5 [43,44]. The yields of five components (signal, B↑ → D1(2420)0D→↑
s ,

B → D→+D→↑(X), B → D→+DK(X), and the WS templates) are free to float in the fit,
while the remaining yields are constrained to the corresponding estimated values. Figure 3
shows the distributions of the three observables, together with the fit projections. The
ε2 per degree of freedom is 0.89, with 115 degrees of freedom, demonstrating a good
understanding of the various backgrounds. The B↑ → D→→0

1,2 ϑ
↑ϖω and B↑ → D→→0ϑ↑ϖω

decays yields are found to be 123± 23 and 220± 34, respectively. The quoted uncertainty
is statistical only.

The significance of the decay B↑→ D→→0ϑ↑ϖω , including a possible contribution from
D

→
1(2400)

0ϑ↑ϖω , is determined to be 3.5ϱ, including the systematic uncertainties related
to the signal yield determination discussed below. The significance level is obtained
comparing the results of a fit to the data allowing the contributions from B↑→ D→→0D→→↑

s

and the relative rates of D1(2420)0 and D→
2(2460)

0 to vary freely, against those of a fit
including only background.

The signal yield is compared to the normalisation channel yield to derive the branching
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ε2 per degree of freedom is 0.89, with 115 degrees of freedom, demonstrating a good
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decays yields are found to be 123± 23 and 220± 34, respectively. The quoted uncertainty
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D
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0ϑ↑ϖω , is determined to be 3.5ϱ, including the systematic uncertainties related
to the signal yield determination discussed below. The significance level is obtained
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s

and the relative rates of D1(2420)0 and D→
2(2460)

0 to vary freely, against those of a fit
including only background.

The signal yield is compared to the normalisation channel yield to derive the branching
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Chapter 7. Signal channel fit
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Veronica Kirsebom’s PhD thesis
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Figure 1: Distribution of mcorr for (top) the signal B0
s ! K�µ+⌫µ, with (left) q2 < 7GeV2/c4

and (right) q2 > 7GeV2/c4, and (bottom) the normalization B0
s ! D�

s µ
+⌫µ channel. The points

represent data, while the resulting fit components are shown as histograms.

of the D
�
s meson, with the dominant D⇤�

s ! D
�
s � decay represented by a specific shape,

and higher excitations D
⇤⇤�
s = [D⇤�

s0 (2317), D
�
s1(2460), D

�
s1(2536)] ! D

�
s X modelled

by a combined shape. Other sources of background are the decays of the form B !
D

�
s DX and the semitauonic decay B

0
s ! D

�
s ⌧

+(! µ
+
⌫µ⌫̄⌧ )⌫⌧ . Due to similarity of their

shapes, the B
0
s ! D

⇤⇤�
s µ

+
⌫µ channels are grouped with Bs ! D

�
s DX decays, while

B
0
s ! D

�
s ⌧

+(! µ
+
⌫µ⌫̄⌧ )⌫⌧ is combined with Bu,d ! D

�
s DX decays.

The corrected mass distributions of the signal and normalization candidates are shown
in Fig. 1, with the binned maximum-likelihood fit projections overlaid. The B0

s ! K
�
µ
+
⌫µ

yields for q2 < 7GeV2
/c

4 and q
2
> 7GeV2

/c
4 regions are found to be NK = 6922 ± 285

and 6399 ± 370, respectively, while the B
0
s ! D

�
s µ

+
⌫µ yield is NDs = 201450 ± 5200.

The uncertainties include both the e↵ect of the limited data set and the finite size of the
samples used to derive the fit templates. Unfolding the two e↵ects in quadrature shows
that they have similar sizes.

This is the first observation of the decay B
0
s ! K

�
µ
+
⌫µ. The ratio of branching

fractions is inferred as

RBF ⌘ B(B0
s ! K

�
µ
+
⌫µ)

B(B0
s ! D�

s µ
+⌫µ)

=
NK

NDs

✏Ds

✏K
⇥ B(D�

s ! K
+
K

�
⇡
�), (2)

4

(1)

(2) (3) (4)

https://arxiv.org/abs/2501.14943
https://arxiv.org/abs/2501.14943
https://repository.cern/records/1pyp6-w0q52
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Rare decays of  and b τ
(1) Angular analysis of  ( )  

JHEP 2506 (2025) 140

(2) Test of lepton universality in  at high 

(3) Search for lepton-flavour violation with 

B → K*ee P′ 5

B0 → K*ℓℓ q2

τ → μμμ

7
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Figure 8. Negative log-likelihood scan of (left) Ce
9 and Cµ

9 and (right) ∆C9 = C(µ)
9 → C(e)

9 . The
dotted vertical line corresponds to the SM prediction [78, 79].
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A Large q2 region analysis

The use of the constrained q2 variable to define the measurement region suppresses back-
ground from the radiative tail of the B0 → K∗0J/ψ(→ e+e−) mode (figure 18), and allows the
analysis strategy discussed in sections 4 to 6 to be applied directly to the larger q2 region of
1.1–7.0GeV2/c4, resulting in a gain in the signal yield of around 20%. The results of the mea-
surement in this extended region are presented and discussed in this self-contained appendix.

Compared to the baseline measurement in the region of 1.1–6.0GeV2/c4, the only differ-
ences are the signal and background models, which are obtained from data or simulation

– 23 –

Confirmed anomaly in electrons
No sign of µ/e LU breaking

Wilson coefficient C9

6.4.3 Mass unconstrained Fit result in the J/ω Region863

Since the fit to RK→ is performed on the full data sample, the mass unconstrained fit864

results in the J/ω region are also presented on the merged data samples over the three865

run periods.866
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Figure 34: The fit results of m(K+ω→µ+µ→) and m(K+ω→e+e→) in the J/ε region in the merged
data samples over the three run periods. The black points are the data, the red solid lines are
the total fit results, the red dashed lines are the signal PDFs. Other filled histograms are the
background components. The pull distributions are shown in the lower panels.

6.4.4 Fit result in the high q2 region867

The mass window of the high-q2 region is currently blinded in the following plots, and868

the range of the y-axis is arbitrarily chosen to avoid revealing the signal yields while869

presenting the background distributions.870
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Figure 35: The fit results of m(K+ω→µ+µ→) and m(K+ω→e+e→) in the high region in the
merged data samples over the three run periods. The black points are the data, the red solid
lines are the total fit results, the red dashed lines are the signal PDFs. Other filled histograms
are the background components. The pull distributions are shown in the lower panels.
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Figure 34: The fit results of m(K+ω→µ+µ→) and m(K+ω→e+e→) in the J/ε region in the merged
data samples over the three run periods. The black points are the data, the red solid lines are
the total fit results, the red dashed lines are the signal PDFs. Other filled histograms are the
background components. The pull distributions are shown in the lower panels.
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Figure 35: The fit results of m(K+ω→µ+µ→) and m(K+ω→e+e→) in the high region in the
merged data samples over the three run periods. The black points are the data, the red solid
lines are the total fit results, the red dashed lines are the signal PDFs. Other filled histograms
are the background components. The pull distributions are shown in the lower panels.
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B0 → K*μμ

B0 → K*ee

(1)
(2)

(3)

LHCb Unofficial

LHCb Unofficial

Background estimate after full selection 

23

➢ Background yield in the signal region estimated 
from fit to outer sidebands and extrapolated to 
signal region

➢ Results on 2018 data in the 3𝜇 sample after 
(minimum) cuts on classifiers and veto requirements

➢ 𝐷 → 3𝜋 and 𝐷𝑠 → 3𝜋 contributes are included

3𝜇 sample

simone.capelli@cern.ch Tau23Mu approval

Background estimate after full selection 

23

➢ Background yield in the signal region estimated 
from fit to outer sidebands and extrapolated to 
signal region

➢ Results on 2018 data in the 3𝜇 sample after 
(minimum) cuts on classifiers and veto requirements

➢ 𝐷 → 3𝜋 and 𝐷𝑠 → 3𝜋 contributes are included

3𝜇 sample

simone.capelli@cern.ch Tau23Mu approval

LHCb Unofficial

τ → μμμ

http://arxiv.org/abs/arXiv:2502.10291
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Charm decays
(1) CP violation in  and 

(2) CP violation in rare  decays

(3) Search for dark photons in charm decays

D0 → KSKK D0 → KSππ

D0 → Vγ

8

Template fits

After the preselection:

Signal yield modeled with Double sided Crystal Ball.

New MC (sim10f) has been requested for a better modeling.
Carlos Cocha (Heidelberg University) Dark Photon Search using D

→ → De
+
e
↑

Status Report June 30, 2025 9 / 18

LHCb Unofficial 

2024 data
LHCb Unofficial 
Run 2 data

2025 data from s25c1

55

2025 data

General Performance MeetingAnelli 30/06/2025

MU LL

OneTrackMVA TwoTracksMVA

MU DD

OneTrackMVA TwoTracksMVA

Purity 90.4 % Purity 90.6 % Purity 94.6 % Purity 93 %LHCb Unofficial 

2025 data

D0 → KSππ D0 → ϕγ D*s → D0e+e−

(1) (2) (3)

Dark photons searched in m(e+e−)
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LHCb Upgrade II motivation

๏ LHCb Upgrade II to collect 300/fb

๏ Projected to achieve best precision in the 
widest spectrum of key flavour observables

๏ Flavour-physics legacy unparalleled for 
several decades after the end of the LHC

๏ European Strategy documents submitted:
• Discovery potential of LHCb Upgrade II
• Technology developments for LHCb Upgrade II
• Heavy ion physics at LHCb Upgrade II
• Computing and software for LHCb Upgrade II
• Projections for Key Measurements in Heavy 

Flavour Physics [with ATLAS, CMS, Belle II]
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https://arxiv.org/abs/2503.23087
https://arxiv.org/abs/2504.03088
https://arxiv.org/abs/2503.23093
https://arxiv.org/abs/2503.24106
https://arxiv.org/abs/2503.24346
https://arxiv.org/abs/2503.24346
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Upgrade II status

๏ LHCb Upgrade II preparations advancing quickly

๏ Scoping Document with three design-cost scenarios
• CERN RB approved and recommended “middle scenario”

๏ TDRs to be completed by 2026

๏ LS4 too short for all installations: anticipated by LS3 
enhancements (RICH, CALO and DAQ)

11

EoI (2017), Physics Case (2018), fTDR (2021), Scoping (2024) - LS3-TDRs: RICH/CALO (2024), DAQ (2024)

https://cds.cern.ch/record/2244311?ln=it
https://cds.cern.ch/record/2636441
https://cds.cern.ch/record/2776420/
https://cds.cern.ch/record/2903094
https://cds.cern.ch/record/2866493/files/LHCB-TDR-024.pdf
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://cds.cern.ch/record/2886764/files/LHCB-TDR-025.pdf&ved=2ahUKEwjll_D-ys6LAxX-3AIHHWrjHYoQFnoECBYQAQ&usg=AOvVaw0UpVgfIWV7jitYEdGO14L4


PicoCal for LHCb Upgrade-II
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LHCb ECAL Upgrade → PicoCal

๏ Keep current performance while coping with  
harsher operating conditions 
• Sustain higher radiation dose (up to 1 MGy)
• Mitigate higher pile-up 

๏ Current focus on LS3 enhancement  
• Introduce single-section radiation-tolerant SpaCal 

(spaghetti calorimeter) modules
• 32x SpaCal-W with plastic scintillator 
• 144x Spacal-Pb modules with plastic scintillator fibres

๏ Contribution of the Milano-Bicocca group
• Search for suitable scintillating fibers
• Development of SpaCal modules focusing on light 

coupling between scintillators and PMTs
• Search for suitable PMTs
• Development of simulation and reconstruction code 

13

LS3 PicoCal

Cell size: Modules:
2x2 cm2 32 new SpaCal-W modules with plastic fibers
3x3 cm2 144 new SpaCal-Pb modules with plastic fibers
4x4 cm2 176 existing Shashlik modules
6x6 cm2 448 existing Shashlik modules
12x12 cm2 2512 existing Shashlik modules
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Scintillating fibers selection

14

Kuraray SCSF-3HF selected 
as optimal candidate,  
after investigation campaign 
combining laboratory 
measurements, test beam 
data, irradiation tests and 
detailed simulations 

Fiber characteristics Impacts on Run 4 Requirement Kuraray SCSF-3HF

Scintillation Light yield Energy Resolution 6000 Ph/MeV 6000 +/- 300 Ph/MeV

Scintillation Rise Time Spillover < 1 ns 500 +/- 50 ps

Scintillation Decay Time Spillover < 8 ns 7.5 +/- 0.5 ns

Light Attenuation Length Energy Resolution  > 4 m > 5 m

Radiation Tolerance Energy Resolution Up to 200 kGy Up to 500 kGy

Time Correlated Single Photon Counting (TCSPC) 
measurement of SCSF-3HF scintillation profile

Predicted degradation of constant term of 
energy resolution with dose (combination of 
irradiation measurements and simulations)

✓ 

✓ 

✓ 

✓ 

✓ 

σE

E
=

a

E
⊕

b
E

⊕ c
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Optical coupling

15

Developed an efficient and rad-hard optical 
coupling scheme for SpaCal modules: 
combination of  bundling and hollow light guide

Radiation tolerance of 
hollow light guide (ESR) and 
standard light guide (PMMA)

SpaCal-Pb bundling
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Optimal PMT choice

๏ Under development in Milano-Bicocca:
• Test bench to optimize the PMT voltage dividers 
• PMT characterization bench, which will naturally 

evolve into a Quality Assurance setup to test part 
of the 4000 PMTs needed for LS3 

16

Optimal PMT still to be selected

๏ Best candidates so far:
๏ Hamamatsu R9880-U MCD 

technology for SpaCal-W modules
๏ Hamamatsu R9800-U or Nightvision 

N2014 for SpaCal-Pb modules 

Requirements for the PMTs
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Sim and Reco software

๏ Fast detailed Monte Carlo framework  
(Hybrid-MC) developed for PicoCal R&D

๏ Current effort to integrate it into the 
LHCb Framework

๏ Development of reconstruction software
• Traditional clustering algorithms, with 

inclusion of longitudinal segmentation 
and timing information

• Reconstruction with Graph Neural 
Networks

17

Milano-Bicocca holds the coordination role 
of the software work package in PicoCal

Schematic representation of the Hybrid-MC framework developed 
for fast detailed simulation of PicoCal modules and full detector

Implementation of PicoCal into the LHCb Simulation 
Framework. Geometry described using the DD4Hep package

PicoCal



RICH for LHCb Upgrade II
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U2 RICH Performance studies
๏ Contributed MC-based emulation of performance of 

various RICH design options for U2

๏ Studied pixel size, timing performance, dark counts

๏ Studies went into Scoping document

19Figure 28: Kaon e!ciency for 1% pion misidentification versus momentum, for the Run 3 and
the three RICH Upgrade II options at di”erent luminosities, for (left) 300 ps and (right) 150 ps
time windows, assuming the same average photoelectron yields.

For the RICH system, Fig. 28 shows the kaon identification e!ciency requiring a
pion misidentification probability below 1%. The results are shown as a function of
momentum for the three Upgrade II scenarios (Baseline, Middle and Low) along with
the expected performance of the current RICH detector in Run 3. The study has been
repeated for two di”erent time windows applied: 300 ps, corresponding to a nominal single
photoelectron time resolution of 75 ps, which is conservative, and 150 ps, corresponding to
a time resolution slightly below 40 ps, which is optimistic.

For momenta above 20GeV/c, the PID performance in all scenarios with a 300 ps
time window is similar to that expected for Run 3, with noticeable improvement at very
high momenta for the Baseline and the Middle scenarios. This validates the choices
of granularity improvements, as appropriate for each target peak luminosity, as well as
the required modifications to the RICH2 optics that are critical for performance at high
momenta. The improved performance at very high momenta is an e”ect of the significantly
improved Cherenkov angle resolution in the Upgrade II system. A simulation study of
the potential physics gain from the improved charged hadron PID at high momenta has
been performed using the decay B

+
→ DK

+, a benchmark channel for measurements of
the CKM angle ω, showing a 10% relative increase in the signal e!ciency in the Middle
scenario compared to a similar analysis with the Run 3 data.

In the momentum interval below the RICH1 threshold for kaons to produce Cherenkov
light (↑ 10 GeV/c), however, the kaon identification e!ciency in all scenarios falls short of
the Run 3 performance, largely as an e”ect of the reduced photoelectron yield, resulting
from the modifications to the detector optics presently included in the design. Noticeably,
the e”ect of increased occupancy in the Baseline scenario is evident in the reduced
performance relative to the Middle scenario in this kinematic region. This e”ect can be
mitigated to a good extent with improved timing resolution, as seen in Fig. 28 (right) for
a 150 ps time window.

Results of simulation studies of ε/K and K/p separation using TORCH information
are shown in Fig. 29 for the Baseline and Middle scenarios. The TORCH information is
particularly important in the region below 10GeV/c, in view of the lack of K/p separation
from the RICH and the aforementioned degraded RICH performance in this momentum

49

Figure 74: Simulated occupancy on the (left) RICH1 and (right) RICH2 detector planes for the
Middle scenario. The central part is the high occupancy area, which is 1/4 of the total in this
scenario. Pixel size for the high occupancy area is 2 → 2mm2. In a small area of RICH1 the
occupancy exceeds 30% and may require further optimisation.

scenario the new optical system is only foreseen for RICH1. For Middle, however, the
inclusion of TORCH mandates a new RICH2 vessel, which then makes it possible to
replace also its mirror system.

Concerning the photon sensors, SiPMs and MCPs are implied in all scenarios and
in all regions, except for the outer region of both RICHes in the Low scenario, where
MaPMTs will be used. In this case, the timing resolution is not su!cient to reduce event
complexity, which will produce a degradation of performance. On the other hand, the
MaPMT technology is well-tested, so this scenario carries a lower risk for a good portion
of the detector acceptance.

A.5.2 Performance

The PID performance of the three di”erent options has been emulated for comparison
purposes. Emulation has been used as the full simulation framework was not available
for new geometries at the time these studies were performed. The emulation framework
allows the easy comparison of di”erent detector granularities, timing windows and di”erent
detector quantum e!ciency, allowing one detected photon per pixel per bunch crossing,
with an average hardware e!ciency of 90%. The angle of the detected Cherenkov photons
of each track is calculated from the generator-level track information and smeared according
to the resolution expected for the detector configuration being considered. The photon
yield can also be reduced if this is expected from a particular optical layout. The timing
information for each track and each photon is also known, so only photons within the
time window under study can be associated with a particular track. The time window
needs to be at least four times the expected photodetector resolution to avoid signal loss.
The better the time resolution and the narrower the time window, the higher the power
of background photon rejection.

In the current emulation, the photon distribution on the detector plane and the
spectrum of the detected photons cannot be changed. Any reduction in photon yield is
done on average and not on a track-by-track basis. The response of the electronics is
also not simulated (beyond the loss of signal when two photons arrive in the same pixel),

123

Central pixels 2 × 2 mm2

Timing at ~40 ps

Requirements:
• Small pixels: down to 1.4 x 1.4 mm2

• Time resolution: O(100 ps) RMS
• Radiation tolerance: low DCR up to 

a few 1013 neq/cm2
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RICH Upgrade-II R&D

Leading candidate: SiPMs cooled to cryogenic 
temperature
• R&D is required to choose the best device
• Led by italian institutes: Ferrara, Genova, Milano-

Bicocca, Padova, Perugia
• Collaboration with Hamamatsu

• Phase 1 (in progress): study of existing technologies
• Phase 2 (near future): runs for new/modified 

technology
• Short timeline (3-year R&D; SiPM production in 2029)

Dedicated single-channel amplifier needed:
• Wide bandwidth (< 1 ns rise time)
• Low noise and excellent timing (≈10 ps jitter)
• Able to operate in the entire temperature range 77-300 K

→ Developed at Milano-Bicocca (Davide Trotta)

20

Ambient 
temperature 
electronics

Cold 
electronics

Single photon 
time resolution
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SiPM characterisation
๏ SiPM characterization at different 

temperaures, before irradiation: almost 
complete on all Hamamatsu devices 
available off-the-shelf

๏ One device (s14160, five samples) 
irradiated in Ljubljana in May; now 
under test @MiB

๏ Irradiation and characterization of the 
other devices to happen in the next 
months

๏ Request to INFN (by Ferrara, for all the 
groups involved) for funds for a «s13360-
mod» dedicated run, to be tested in 2026

21

Dark Count Rate vs 
Temperature

LHCb RICH Upgrade 2 R&D
• SiPM characterization at different temperaures, before

irradiation: almost complete on all Hamamatsu devices 
available off-the-shelf

• One device (s14160, five samples) irradiated in Ljubljana
in May; now under test @MiB

• Irradiation and characterization of the other devices to 
happen in the next months

3SiPM R&D for the LHCb RICH Upgrade 2

IV curves DCR vs T

• Request to INFN (by Ferrara, for all the groups involved) for funds for a 
«s13360-mod» dedicated run, to be tested in 2026

• Hamamatsu claims a lower DCR; new technology not yet available except
with dedicated wafer runs

Hamamatsu @ PD24 workshop:

78 K
123 K

223 K 297 K

Measurements done in Ferrara
(with the MiB amplifier)

LHCb RICH Upgrade 2 R&D
• SiPM characterization at different temperaures, before

irradiation: almost complete on all Hamamatsu devices 
available off-the-shelf

• One device (s14160, five samples) irradiated in Ljubljana
in May; now under test @MiB

• Irradiation and characterization of the other devices to 
happen in the next months

3SiPM R&D for the LHCb RICH Upgrade 2

IV curves DCR vs T

• Request to INFN (by Ferrara, for all the groups involved) for funds for a 
«s13360-mod» dedicated run, to be tested in 2026

• Hamamatsu claims a lower DCR; new technology not yet available except
with dedicated wafer runs

Hamamatsu @ PD24 workshop:

78 K
123 K

223 K 297 K

Measurements done in Ferrara
(with the MiB amplifier)

Measurements done in Ferrara
with the MiB amplifier



Real-time reconstruction
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Fast ML for RICH reco
๏ Cherenkov ring reconstruction takes time 

(still missing from Hlt1 reco in LHCb)

๏ Testing technique based on modern 
computer vision for real-time object 
identification (YOLO)

๏ Task: Given track and Cherenkov hits, 
classify PID

๏ Reaching good PID performance with 20ms 
inference (full event) on NVIDIA A6000

๏ Results presented at EuCAIFCon 2025

23

We developed a data generation 
framework that mimics RICH 
detector response.

13
Giovanni Laganà, Maurizio Martinelli, Martino Borsato  University of Milano Bicocca and INFN

Synthetic Cherenkov data Generator

Mean number of rings in RICH1 plane: 170
Mean number of tracked rings: 54

35
Giovanni Laganà, Maurizio Martinelli, Martino Borsato  University of Milano Bicocca and INFN

Distribution 
Bottleneck

Looking at the previous 
performance result it would seem 
there is a bottleneck.

We hypothesized it was due to 
the distribution of images to the 
models of the pipeline.

We ran a test using only a single 
model to exclude the distribution 
process. We consider the same 
118 rings per event to estimate 
performances.

Note: In the single-model setup, inference was 
performed using only one instance of the model.
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DFEI project

๏ Based on DFEI GNN algorithm  
(Comput Softw Big Sci 7, 12 (2023))

๏ Included PV association, which is critical  
at high-lumi 

๏ Integrated graph pruning layers. 

๏ Developed on custom Pythia simulation. 

๏ Training on RUN3 full-simulation ongoing

24

ArXiv:2504.21844v2

Scalable Multi-Task Learning for Particle 
Collision Event Reconstruction  with 

Heterogeneous Graph Neural Networks 
(HGNN)

DFEI = Deep-learning based Full Event Interpretation

https://doi.org/10.1007/s41781-023-00107-8
https://arxiv.org/abs/2504.21844v2
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Use of FPGAs

๏ New FPGA cluster installed in MiB
• In collab with F.Brivio, P.Dini and S.Gennai
• +Help from LHCb-Pisa colleagues
• Issue with analog-to-optical transducer 
→ might need replacement

๏ Plan to test DWT device to reconstruct LHCb 
downstream tracks to be installed in LS3 
LHCB-TDR-025, LHCb-PUB-2024-001

New FPGA cluster at MiB

Figure 20: Throughput of various Allen reconstruction sequences, comparing the baseline fully
GPU-based (black text) and the same sequences using Retina axial T track (teal text) or
Retina axial+stereo T track (green text, white when superimposed to the bar). Seeding is
a sequence reconstructing only T tracks in Allen. Velo-SciFi Matching runs the matching
algorithm between VELO and T tracks. hlt1 pp matching runs the matching algorithm and
Hlt1 selections.

which exploits the Seeding algorithm to reconstruct all physics tracks. It is able to
process events at a rate of 139.52 kHz on a RTX A5000 GPU card, corresponding to
7.2µs per event, with 1.5µs (1.1µs) being spent for running the algorithm which finds the
axial+stereo (axial) seeds. Conversely, the sequence that decodes the Retina Raw Bank to
find the axial seeds has a throughput of 171.17 kHz (5.8µs per event), corresponding to a
reduction of the execution time of about 19%, with only 0.04µs spent for the the decoding
of the Retina Raw Bank and the refitting algorithm. Using, instead, the Retina Raw
Bank with the axial+stereo primitives leads to a throughput of 186.16 kHz (5.4µs per
event), of which 0.06µs are needed by the decoding and the refitting algorithm, resulting
in the execution time being reduced by 25%.

As resources are freed up, other algorithms within the hlt1 pp matching sequence
benefit of these, resulting in further acceleration. For instance in the axial+stereo (axial)
configuration, a total of 1.8µs (1.4µs) are gained in HLT1 for reconstructing the whole
event, if the algorithm finding the axial+stereo (axial) seeds, which requires 1.5µs (1.1µs),
is removed. This saved time corresponds to about 120% (130%) of the time spent for
running the replaced GPU-based algorithm, thus the small overhead added for decoding
the Retina Raw Bank is more than compensated.

On a last note it can be taken in account that an additional time of 0.75µs could be
further gained by avoiding the decoding of the SciFi clusters in Allen. This is currently
needed, even when the Retina T-track primitives are used, in order to implement the
Global Event Cut (GEC) to reject events with a number of SciFi clusters over a certain
threshold. In the future this requirement could be removed or just implemented in a
di!erent way (i.e. selecting on the number of T-track seeds), and there would be no longer

37
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https://cds.cern.ch/record/2886764
https://cds.cern.ch/record/2888549
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(anagrafica, dettagli richieste, …)
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Anagrafica LHCb Bicocca
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nome cognome ruolo % responsabilità
Anelli Alessia PhD 100 Charm WG liason
Arnone Lisa PhD 100
Borsato Martino RTDB 100 Rare Decay WG Convener, SB member
Calvi Marta PO 100
Capelli Simone AR 100
Carniti Paolo RTDA 50
Fazzini Davide RTDA 100 Semileptonic Sub-WG Convener 
Kirsebom Veronica AR 100 Semileptonic WG liason
Gotti Claudio Tecn INFN 40 RICH deputy PL
Martinelli Maurizio PA 95+5
Minotti Alessandro PA 70
Moro Alice PhD 100
Pessina Gianluigi Dir.Tecn INFN 10
Pizzichemi Marco PA 100 UP2 WG convener
Salomoni Matteo RTDA 0 UP2 WG convener (associazione INFN PV)
Trotta Davide PhD 20
TOTALE FTE 11,90
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Richieste PicoCal 2026
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Milano-Bicocca
30 kEuro 

Milano-Bicocca
150 kCHF 

Contributo ad acquisto fibre di scintillatori plastici 
per moduli SpaCal da installare durante LS3

Circa ⅓ della spesa totale di PicoCal sugli 
scintillatori in LS3 

CORE 

350 kCHF

INFRASTR. 

30 kEuro

Padova
100 kCHF 

Bologna
100 kCHF 

● Distribuzione tra le sezioni pesata sugli FTE PicoCal in LS3
● Fondi da trasferire su budget code CERN → acquisto 

centralizzato permette notevole risparmio sui costi

Sviluppo di una bench per QA dei PMT da installare 
in PicoCal durante LS3

(Pulser + LED + diodi + HV power supply + digitizers)
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