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Status of LHCb 1n July 2025

@ 1848 members from 103 institutes (and growing)

@ Almost 800 papers submitted
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https://lbfence.cern.ch/membership/report/members-list
https://lbfence.cern.ch/alcm/public/analysis

Status of LHCb 1n 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 10! bb in the LHCb acceptance

® Positive feedback from LHCC in May 2025:
* Successtul 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
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LHCDb physics 1n Bicocca

Charged-current g | I Charm decays
b decays _ banc



Charged-current b decays

(1) Evidence for B~ — D**rv decay §

PRL 135(2025)021802 g
(2) Precision measurement of |V, ,| with B, - Kuv g
(3) Precision measurement of |V , | with BT - puv S

(4) Search for BT — £uvy to test B meson sub-structure

Veronica Kirsebom’s PhD thesis
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PRL 135(2025)021802
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https://arxiv.org/abs/2501.14943
https://arxiv.org/abs/2501.14943
https://repository.cern/records/1pyp6-w0q52

Rarerdecays

1"1"7.

Ot &

(1) Angular analysis of B — K*ee (P5)

(2) Test of lepton universality in B — K*#¢ at high g°

[HEP 2506 (2025) 140

(3) Search for lepton-flavour violation with 7 — puu

(1)

- === B’ K%, LHCb 4.7 fb~! .

[ Confirmed anomaly in electrons I
No sign of u/e LU breaking '

I 1 1 1 1 I : ]
B® — K*%*e~, LHCb 9 fb~! f ]
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http://arxiv.org/abs/arXiv:2502.10291

(1) CP violation in D — KKK and D — K.nr

Charm decays

(2) CP violation in rare D° — Vy decays

(3) Search for dark photons in charm decays
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LHCb Upgrade 1I motivation

@ LHCb Upgrade II tO COlleCt 300/fb = IUU- T T T T T T ll\-lc-\. (;)])bt‘l"'i‘ll’l"‘"li“ IHCHI\’.\‘ f‘li“'l‘)lull)llisll“’l' [E?I)I:L- %('2GII’I'T-i""ll'i““f: T T T T T 7T

@ Projected to achieve best precision in the J ol o + . _'
widest spectrum of key flavour observables i% . |
s °
@ Flavour-physics legacy unparalleled for ;" . il f
several decades after the end of the LHC % *9
% ’ ="e m o"
@ European Strategy documents submitted: R e g" [mgm_®
- Discovery potential of LHCb Upgrade II T e® m n o : = fe . - : J
- Technology developments for LHCb Upgradell [ *° * 0%, 0% ° °°
- Heavy ion physics at LHCb Upgrade II i ;;%“;:4‘“;;EE:;SES:jiff;AEA TErELEe
- Computing and software for LHCb Upgrade II er m; %; ’ r; ; E ; ) ;:;: ; é ; ;i i ; ; g ié ~ ;; :
- Projections for Key Measurements in Heavy A B L1
Flavour PhYSiCS [Wlth ATLAS, CMS, Belle H] ’ 20 {:’lf‘olifl‘:i‘l:l{ 2t 0 b | [ ATLAS - CAS ' LiICh - el 1
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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

Upgrade 11 status

Run 3 LS3 Run 4 Runb5
2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041

ToR phase _

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

Construction phase

Installation

Exploitation

@ 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

@ LS54 too short for all installations: anticipated by LS3
enhancements (RICH, CALO and DAQ)

Martino Borsato - Milano-Bicocca U.
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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
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LHCb ECAL Upgrade — PicoCal

ECAL doses @ EM shower max, Gy, 300 /fb

@ 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 Cell size: __Modules:
. . . . . 2x2 cmz? 32 new SpaCal-W modules with plastic fibers
* 144x Spacal-Pb modules with plastic scintillator fibres 3x3 cm? 144 new SpaCal-Pb modules with plastic fibers
4x4 cmz? 176 existing Shashlik modules
6x6 cmz2 448 exigtin_g Shashlik. modules
@ Contribution of the Milano-Bicocca group 1212 ot 2512 exeling Shashii modules

300

Y [cm)

» Search for suitable scintillating fibers

* Development of SpaCal modules focusing on light 0

coupling between scintillators and PMTs 100
« Search for suitable PMTs

° Development of simulation and reconstruction code
-100

-200

-300

Martino Borsato - Milano-Bicocca U.



Scintillating fibers selection

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

Kuraray SCSF-3HF selected
as optimal candidate,

after investigation campaign Scintillation Rise Time Spillover <1ns 500 +/- 50 ps
combining laboratory

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

Scintillation Decay Time Spillover <8ns 7.5+/-0.5ns
measurements, test beam
data. irradiation tests and Light Attenuation Length Energy Resolution >4 m >5m
4
detailed simulations Radiation Tolerance Energy Resolution Up to 200 kGy Up to 500 kGy

Kuraray SCSF-3HF - 2mm diam x 5 mm 104628counts — T T T T T T T T
160 ] T S 3
Q j—
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Time Correlated Single Photon Counting (TCSPC) Predicted degradation of constant term of
measurement of SCSF-3HF scintillation profile energy resolution with dose (combination of

Martino Borsato - Milano-Bicocca U irradiation measurements and simulations)



Optical coupling

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

@ Mirror e Fibers e Absorber

@ Bundler < Light guide e PMT

: Radiation tolerance of
SpaCal-Pb bundl
patai-’d bundiing hollow light guide (ESR) and
standard light guide (PMMA)

Fibers prepared to be bundled Fibers bundled
o N | el f

Tot. refl., ESR
100 [ e ——— ~———
~———— Before IRRAD
80 | 100 kGy
o\'? 200 kGy
; 300 kGy
% 60
T
x
40 r
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[ 6 cide Top View :z:i | _~ Fixation points LG Wavelength [nm]
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AL D)
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oo ol
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i &
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Optimal PMT choice

Requirements for the PMTs

*SpaCAL-W — 1400 pcs *SpaCAL-Pb — 2600 pcs
Sustain Integrated charge of at least 10000 C Sustain Integrated charge of at least 10000 C Optlmal PMT Stlll tO be SeleCted
Gain from 1000 to 100000 Gain from 10000 to 100000
Linearity: better than 2% at 10 mA for the gain range 2 ;inearity: better than 2% at 10 mA for the gain range ® Best candidates so far:
Good time resolution: TTS < 400 ps Good time resolution: TTS < 400 ps ® Hamamatsu R9880-U MCD
Pulse width <1 ns rise time and 2 ns FWHM Pulse width < 1 ns rise time and 2 ns FWHM teChl’lOIOgy for SpaCal—W modules
Dwindow o eeton pto 3 EY W window oo Hrectaton up fo T KGY ® Hamamatsu R9800-U or Nightvision
Rate effect: 2% for 1 uA Rate effect: 2% for 1 uA N2014 for SpaCal-Pb modules
Up to 15 mT magnetic field expected Up to 10 mT magnetic field expected
Smaller than 1.5 x 1.5 square cm transverse to the

Smaller than 3 x 3 square cm transverse to the PMT

PMT axis axis

@ 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

Martino Borsato - Milano-Bicocca U. 16



Sim and Reco software

Move the transport of optical photons outside of Geant4, reproduce it faster while keeping the necessary level of details

Milano-Bicocca holds the coordination role H i |
° ° % Summarizes optical 4/: Optical Calibration E\‘ ONLY ONCE

Of the SOftwa.re Work PaCkage 1n Plcocal a propagation :Gean[4+Hybn‘ndCode : per module type

® Fast detailed Monte Carlo framework e, e ppeson L s fmatonand
(Hybrid-MC) developed for PicoCal R&D S D w1 e

. oy o Schematic representation of the Hybrid-MC framework developed

® Current effort to 1ntegrate it into the for fast detailed simulation of PicoCal modules and full detector

LHCb Framework

® Development of reconstruction software

» Traditional clustering algorithms, with
inclusion of longitudinal segmentation
and timing information

* Reconstruction with Graph Neural

Networks | PicoCa/I(

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

Martino Borsato - Milano-Bicocca U. 17



RICH for LHCb Upgrade 11



U2 RICH Pertormance 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
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Rich1 for Middle 1.0 Scenario at L=1.0 x 1034

Local y [mm]
N
-
O

~200
~400 |

—600F

Requirements:
* Small pixels: down to 1.4 x 1.4 mm?2
* Time resolution: O(100 ps) RMS

* Radiation tolerance: low DCR up to
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RICH Upgrade-1I R&D

T—

. . . . Ambient
Leading candidate: SiPMs cooled to cryogenic , : temperature
temperature g S48 R \ electronics

R&D is required to choose the best device Cold
0

electronics

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: N I——.
« Wide bandwidth (< 1 ns rise time) T P cursorresuis s )

t1 2y -113.86 mv LRk
el a8nsBPL-16.095 mV]

at .46 ns AY 97.765 mV
1/At 684.9315..MHz AV/At 66.962 MV*Hz

« Low noise and excellent timing (=10 ps jitter) o GG G e nonrom
* Able to operate in the entire temperature range 77-300 K
— Developed at Milano-Bicocca (Davide Trotta) | 1 Single photon

.. time resolution

c12
|
|
| 6ns
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S1PM characterisation

Measurements done in Ferrara
with the MiB amplifier

@ SiPM characterization at different
temperaures, before irradiation: almost

complete on all Hamamatsu devices
available off-the-shelf

@ One device (514160, 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

Martino Borsato - Milano-Bicocca U.
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Real-time reconstruction
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Fast ML for RICH reco

@ Cherenkov ring reconstruction takes time
(still missing from HIt1 reco in LHCb)

@ Testing technique based on modern

computer vision for real-time object
identification (YOLO)

@ Task: Given track and Cherenkov hits,
classity PID

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

@ Results presented at EuCAIFCon 2025

EUROPEAN Al FOR
FUNDAMENTAL PHYSICS
CONFERENCE
EuCAIFCon 2025

Martino Borsato - Milano-Bicocca U.
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DFEI project

DFEI = Deep-learning based Full Event Interpretation

ArXiv:2504.21844v2

Scalable Multi-Task Learning for Particle
Collision Event Reconstruction with
Heterogeneous Graph Neural Networks

(HGNN)

@ 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 RUNS3 full-simulation ongoing

Martino Borsato - Milano-Bicocca U.
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https://doi.org/10.1007/s41781-023-00107-8
https://arxiv.org/abs/2504.21844v2

Use of FPGAS

New FPGA cluster at MiB

® 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 LHCDb
downstream tracks to be installed in LS3
LHCB-TDR-025, LHCb-PUB-2024-001

366.00 kHz Seeding (without RetinaDWT)

675.39 kHz Seeding (with RetinaDWT Axial)

2227.94 kHz Seeding (with RetinaDWT Axial + Stereo) I-

247.51 kHz Velo-SciFi Matching (without RetinaDWT)

364.09 kHz Velo-SciFi Matching (with RetinaDWT Axial)

591.95 kHz Velo-SciFi Matching (with RetinaDWT Axial + Stereo)

139.52 kHz hit1_pp_matching (without RetinaDWT)

171.17 kHz hit1_pp_matching (with RetinaDWT Axial)

LHCb Simulation

upgrade_DC19_01_MinBiasMD_retinacluster.mdf
I T T T T /l[’ T
0 200 400 600 800 2200

Throughput in RTX A5000 (kHz)

186.16 kHz hit1_pp_matching (with RetinaDWT Axial + Stereo)

Martino Borsato - Milano-Bicocca U.
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https://cds.cern.ch/record/2886764
https://cds.cern.ch/record/2888549

BACKUP

(anagrafica, dettagh richieste, ...)
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Anagrafica LHCb Bicocca

Anelli
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Charm WG liason

Rare Decay WG Convener, SB member

Semileptonic Sub-WG Convener
Semileptonic WG liason
RICH deputy PL

UP2 WG convener
UP2 WG convener (associazione INFN PV)



Richieste PicoCal 2026

350 kCHF

¢

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

Circa 3 della spesa totale di PicoCal sugli
scintillatori in LS3

w ¢ ©

Milano-Bicocca Bologna Padova
150 kCHF 100 kCHF 100 kCHF

e Distribuzione tra le sezioni pesata sugli FTE PicoCal in LS3
e Fondi da trasferire su budget code CERN — acquisto
centralizzato permette notevole risparmio sui costi

Martino Borsato - Milano-Bicocca U.

30 kEuro

¢

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

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

¢

Milano-Bicocca
30 kEuro
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CERN/LHCC 2024-010
LHCb TDR 26
14 March 2025

Scoping process

Tre scenari di scope: 'Baseline’, 'Middle', 'Low’
2 Sep 2024: LHCb-TDR-26 submitted to LHCC
17 Feb 2025: Re-submitted after LHCC comments

17 March 2025: LHCC review concluded,
final version public on CDS:

19 March 2025: Research Board meeting
29 Apr 2025: RRB meeting

- Recommendation that LHCb concentrates on the
Middle scoping scenario

- Endorses two expert reviews (both LHCb and ALICE):
- ASICs design (caused delays to ATLAS/CMS)
- Installation schedules (short LS4 duration)

- Approval of the chosen scope for each experiment to
be made later this year following the October RRB
(Money Matrix expected from Funding Agencies)
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