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The LHCb detector (Run 2)

• LHCb is the only dedicated 

detector (at LHC) fully 

instrumented in forward region

• Unique kinematic coverage

       2 < η < 5

• A high precision device, down to 

very low-pT, excellent particle 

ID, precise vertex and track 

reconstruction.

[ JINST 3 (2008) S08005 ]
[ IJMPA 30 (2015) 1530022 ] 
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LHCb: a history of success

•  887 papers, 81781 citations (inspirehep)
•  Series of significant discoveries

• Rare decays
• CPV in charm and beauty
• Spectroscopy

•  Physics program well beyond designed
• Fixed-target
• Heavy-ions
• Dark sector
• Electroweak

https://www.nikhef.nl/~pkoppenb/particles.htm
l

First observation of CP violation 
in baryon decays

Observation of a new pentaquark
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The LHCb upgrades

LS3 
enhancementUpgrade I

LS2

Upgrade II

LS3

LS4

𝓛𝐦𝐚𝐱~𝟐×𝟏𝟎𝟑𝟑	𝐜𝐦"𝟐𝐬"𝟏, 
𝓛𝐢𝐧𝐭~𝟓𝟎	𝐟𝐛"𝟏
Pileups ~ 5

𝓛𝒎𝒂𝒙~𝟏×𝟏𝟎𝟑𝟒	𝐜𝐦"𝟐𝐬"𝟏,
𝓛𝒊𝒏𝒕~𝟑𝟎𝟎	𝐟𝐛"𝟏
Pileups ~ 28

Upgrade is needed to exploit the full 
physics potential of the HL-LHC.
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•Upgrade I (2019 - 2023)
• L3 Enhancement (Q3.2026-2029) 
•Upgrade II (2034 - 3035)
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Upgrade I: a brand new detector CERN-LHC-2012-007

02/11/2025 LHCb Upgrade, CLHCP 2025, Hengne Li 6



Upstream Tracker (UT)
UT: Si Strip detector
• Speed up tracks reconstruction & reduce PGhostTrk
• High coverage, segmentation, resolution
Different sensors for different regions
• A type: p-in-n; 98x98 mm; strip pitch 190 μm
• B type: n-in-p; 98x98 mm; strip pitch 95 μm
• C/D type: n-in-p; 98x49 mm; strip pitch 95 μm
• Maximum occupancy ~ 1%

LHCb tracking system

B sensor

D sensor

A sensor
10x10 cm10x10 cm

10x5 
cm

Strips 
directio
n

CERN-LHCC-2014-001

JINST 19 (2024) 
P05065
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China group contribution to UT
Chinese groups 
contributed to UT 
installation, 
ensuring LHCb 
Upgrade I 
completion in time 
(IHEP/HNU/CCNU/T
HU/SCNU/LZU)

Performed key 
radiation tests for 
SALT chip using 
Chinese facilities 
during pandemic 
(IHEP/HNU)

Lead development in control and 
safety monitoring software (IHEP)

Large improvement with UT
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Brand new detector with scintillating fibers
• 3 station x 4 detection layers
• Fibers diameter and length: 250	𝜇m / 2.4	m
• Decay-time constant: 2.8	ns
• ~12 km fibers, covering 340m2 area
Light detected by SiPMs installed at one end of the 
fibers
• −40	℃ to reduce dark counts
New ASIC (PACIFIC), 64 channels 130 nm CMOS
• Clusterization of hits implemented in FPGA after 

signal digitization
Good performance in 2023 + 2024

Scintillating Fibers tracker (SciFi)
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China group contribution to SciFi

SciFi: 524,000 SiPM channels
SciFi readout ASIC (PACIFIC): a 64-channel SiPM readout

QA System for readout ASICs  & the Front-End Board 

• LHCb SciFi China Group (Tsinghua U):
• Co-design the ASIC Frontend Board (with Heidelberg)
• Manufacture all 2,528 ASIC Boards (64,168 channels in total)
• Test 1/2 of ASIC Boards and all the chips
• 11 setups of Quality Assurance System for ASICs & boards
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Run 3 Trigger & Performance (Real-time analysis)

No hardware 
trigger

Real-time analysis (RTA) project
Runs 3-4

GPU HLT1 CPU HLT2
⇓ ⇓

Reconstruction & trigger selections

• 2~4x times increase in the trigger efficiencies for hadronic decay modes
• Downstream tracking in HLT1 extends physics potential for long-lived particles
• Significant contribution of Chinese group to the RTA system

• Long-term maintainer of the whole software
• Responsible for Muon alignment & Tracking efficiency calibration

• Actively parcitipating in the reconstruction R&D for Upgrade II
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•Upgrade I (2019 – 2023)
• L3 Enhancement (Q3.2026-2029) 
•Upgrade II (2034 - 3035)
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LHCb Upgrade II (including LS3 enhancement)

ℒ&'() = 1×10*+	cm",s"- ×5	w. r. t. Run	3

Upstream Pixel 
Tracker (UP) 

VELO
Pixel detector with 
timing capabilities

Magnet Stations 
Scintillators + SiPMs to 

improve low 
momentum acceptance

LHCb upgrades Mighty Tracker
Outer region: improved SciFi 
Inner region: CMOS pixelsRICH 1&2, with 

SiPMs/MCPs and timing 
capabilities

Muon
Outer regions: MWPCs 
Inner regions: 𝝁RWELL

1
3

TORCH
ToF detector with quartz 
radiator + SIPMs/MCPs

Remove HCAL and add neutron shielding 
ECAL with SPACAL + Shashlik modules with 

timing capabilities

CERN-LHCC-2021-012

Pile-up: ∼ 40
è
Timing capabilities
High granularity
Radiation hardness
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Upstream Pixel Tracker (UP)

• Upstream tracker is a key component in LHCb tracking 
system:

• Speed up tracking to allow software-only trigger
• Ensure efficient tracking for long-lived particles
• Improve momentum resolution

• Current silicon strip based UT cannot handle the high 
data rate and radiation in Upgrade II

    à New UT with silicon pixel detector
• Hit density up to 4 hit/cm2/BX
• Expected radiation level of 3 x 1015 neq/cm2
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Upstream Pixel Tracker (UP)
• R&D collaboration formed mainly by 

Chinese and French institutes
• Leading development in all aspects

• Simulation & performance
• CMOS sensor R&D 
• Module and mechanics prototyping

The 1st UP mini-workshop @ Beijing, 22nd Jan 2025

PL:    王建春(IHEP, UT/UP)

DPL: Tomasz Skwarnicki (Syracuse, UT), Benjamin Audurier 
(IRFU, UP)

Steve Blusk / Syracuse
袁煦昊/ IHEP

Simulation, reconstruction & performance

陈凯/ CCNU
徐⼦骏 / IHEP

Data acquisition system

Theo Bigourdan / Subatech
Overall mechanics, integration & services

Ray Mountain/Syracuse
俞洁晟/HNU

Manuel Guittiere/Subatech 

Module and stave
李⼀鸣/ IHEP

Fabrice Guilloux / IRFU
Pixel sensor chip development

刘凯/ LZU
Christophe Renard / Subatech

Electronics
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UP sensor development

… 2022 2023 2024 2025 ...

COFFEE1
- Prototype in LL 

process
- Validation of deep 

N-well structure

COFFEE 2
First HVCMOS 55nm 
prototype chip
- Breakdown at -70V

- Responsive to laser, X-ray 
and beta-ray sources

COFFEE3
- Two pixel arrays with 

data-driven readout
- Designed for good timing 

resolution and moderate 
power consumption

• High Voltage CMOS is a 
promising technology 
candidate

• A series of small 
prototypes developed 
using advanced process

Large
prototype
planned
around
2027
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COFFEE3 sensor
• A prototype with key designs implemented to tackle high data rate at Upgrade II

• 4mm x 3mm, submitted in Jan 2025, received in May 2025
• Two novel readout architectures in two pixel arrays
• Standalone function modules to integrate into full-size chip

Array 1
48 row × 12 col
40 µm ×	145 µm Array 2

32 row × 12 col
40 µm ×	100 µm

DLL LVDS driver /
receiver

Passive
diodes PLL

Digital peripheral

Architecture 1:

CMOS in-pixel digital
design fully exploiting
55nm advantage

Architecture 2:

NMOS-only in-pixel
digital design: lower
power consumption in
pixel; no process
modification needed
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First COFFEE3 results
• Preliminary tests show that both readout array function well
• Standalone modules meet design goal: PLL, LVDS, DLL

Laser signal on a single pixel
corrected read

Phase Lock Loop works
up to 640MHz

LVDS
tranceiver
works at
640MHz

No delay

Delay by 𝜋

DLL delays
main clock
to achieve
finer timing
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Simulation and performance study
• New UP design implemented in LHCb official framework followed by tremendous

work on tracking algorithm and detector optimisation
FT
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Less dead area Less material

Higher efficiency &
Lower ghost rate
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UP module and mechanics
• Module design updated to reduce dead area
• Prototyping starting with dummy components

• Dummy silicon sensors produced with similar thermal mechanical properties
• Tools designed for assembly procedure
• Thermal simulation + market survey for realistic mechanical design

1st dummy sensor

1st dummy hybrid Assembly jig

Thermal simulation of stave w. CO2

Tiange Li@HNU

May 2025, carbon fiber strip02/11/2025 LHCb Upgrade, CLHCP 2025, Hengne Li 20



Module prototyping

• First modules developed with dummy 
silicon sensors and dedicated tools
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Electronics and readout

• Studied the signal integrity with flex cable prototype : 
~70 cm long and 1.28 Gpbs

• Studies on cross talk with 2nd version flex cable is 
ongoing.

• Data format proposed.

2nd version flex cable
1st  version flex cable
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ECAL Upgrade II

Figure 15: Proposed boundaries between regions with di!erent module segmentation for the
PicoCal Baseline design. Techology used in each region is also indicated, which is SpaCal-W
and Spacal-Pb for the inner regions, and Shashlik for the outer regions. Modules with 4 → 4 cm2

cell size are a combination of refurbished Shashlik modules and new SpaCal-Pb modules.

Figure 16: Expected occupancy profile in the PicoCal at the peak luminosity of (left) 1.5 →

1034 cm→2 s→1 and (right) 1.0→ 1034 cm→2 s→1 for the Baseline detector design. The narrow white
cross, indicating a small region of zero acceptance, is due to a slight rotation of the SpaCal
modules, as discussed in the text.

modules with new scintillator tiles and WLS fibers in the inner region bordering the
SpaCal modules. The double-sided readout, providing information on the longitudinal
shower profile, allows for both improved timing resolution and cluster reconstruction. The
total number of channels, ↑31,000 (to be compared to ↑6,100 channels in the current
ECAL), is a major cost driver of the system.

For the Middle scenario the same number of channels is assumed as for the Baseline.
Given the lower peak luminosity, the PicoCal will therefore perform better in the Middle
than in the Baseline scenario. This is illustrated in Fig. 16 by the di!erence in occupancy
for the two scenarios.

In the Low scenario, a substantial cost saving is achieved by instrumenting all the
Shashlik modules of the outer region and all the SpaCal modules of the inner region
except the 176 innermost modules (40 SpaCal-W and 136 Spacal-Pb) with single-sided

35

Requirements for the Upgrade II:
Ø Radiation doses up to 𝟏	𝐌𝐆𝐲 and ≤ 𝟔×𝟏𝟎¹⁵	𝟏	𝐌𝐞𝐕	𝐧𝐞𝐪/𝐜𝐦²	in the centre for 𝟑𝟎𝟎	𝐟𝐛!𝟏

— New technologies required for the center
Ø Pile-up mitigation crucial

— Timing 𝒪(10	ps)	precision
— Increased granularity
— longitudinal segmentation

Ø Keep current energy resolution of 𝛔(𝐄)/𝐄	 ≈ 	𝟏𝟎%/√𝐄	⊕𝟏%	

Limit for Shashlik≤ 𝟒×𝟏𝟎𝟒𝐆𝐲

Accumulated radiation dose [Gy] after 300	fb"#
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The Upgrade Strategy

Run 3 in 2022-Q2/2026:
Ø Run with unmodified ECAL Shashlik modules at 𝐋 = 𝟐×𝟏𝟎𝟑𝟑	𝐜𝐦!𝟐𝐬!𝟏 

(new 40 MHz readout)
LS3 consolidation in Q3/2026-2029:
Ø Introduce single-section rad. tolerant SPACAL (𝟐×𝟐 and 𝟑×𝟑	𝐜𝐦𝟐	cells) in inner regions 

and rebuild ECAL in rhombic shape to improve performance at 𝐋	 = 	𝟐×	𝟏𝟎𝟑𝟑	𝐜𝐦!𝟐𝐬!𝟏
— 32  SPACAL-W & 144 SPACAL - Pb modules with plastic fibres compliant with Upgrade II 

conditions
LS4 Upgrade II in 2034-2035 (PicoCal):
Ø Introduce double-section rad. hard SPACAL (𝟏. 𝟓×𝟏. 𝟓, 𝟑×𝟑	&	𝟒×𝟒	𝐜𝐦𝟐	cells) and improve 

timing of Shashlik modules for a luminosity of up to 𝐋	 = 𝟏	×	𝟏𝟎𝟑𝟒	𝐜𝐦!𝟐𝐬!𝟏
— Innermost SPACAL-W modules equipped with crystal fibres
— Include timing information and double-sided readout for pile-up mitigation

LHCB-TDR-023, LHCB-TDR-024, LHCB-TDR-026
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China contributions to ECAL upgrade

§ Simulation, reconstruction and performance studies

§ Fast GAGG crystal fibre development, collaborating with SiPAT (电科芯片)+CERN, decay 
time 𝜏#$$: 50 ns (2022) à 20 ns (2024) à 8 ns (2025)

§ 3D printed tungsten (W) absorbers, collaborating with LaserAdd (雷佳)
§ Light-guide system development

§ Module assembly for beam tests: 
• SpaCal-W-GAGG prototype assembly in 2024

• SpaCal-W-Polystyrene prototype assembly in 2025 

§ PMT R&D: (just started) collaborating with NNVT(北方夜视)

23
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ECAL/PicoCal management structure
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Ongoing R&D: Assembly for LS3

Beam tests in May, Sept., and Nov. 2025 CERN SPS beam tests:
Ø First test of full Run 4 chain with 2 new prototypes assembled

in Beijing and CERN:
- W absorbers from China group.
- 3HF green plastic fibres (square fibres 1×1	mm&)
- Optics assembly with bundlers and long “hollow” light guides
- Cable clipping circuits, 10 m signal calbes, read-out with Run

3&4 FE electronics
Test plan with new prototype in Nov. 2025 at DESY and CERN with final 
assembly strategy

R9880U PMTs
Module assembled in

Beijing in May 2025
Module assembled at

CERN in Oct. 2025

Both use W absorbers from
China group
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20 ps

Time resolutionEnergy resolution

Ø Energy resolution at 3°+3°:
— Noise contribution subtracted
— R14755U-100 PMT
— Symmetric LGs: square to octagon
— Sampling term:              9.9 ± 0.1	%
— Constant term:          1.13 ± 0.01	%
— Very good agreement with simulation

Ø Time resolution at 3°+3°:
— Multi-Anode(R7600U-M4) PMT with 4 channels
— Asymmetric LGs: square to square
— Single-sided readout
— Time resolution above 40 GeV:  better than 20	ps

Performance in line with targets

SpaCal - W Absorber - Polystyrene Fibres
LHCB-TDR-024 NIM A 1079, 170608 (2025)
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SpaCal - W Absorber - Crystal Fibres

Emission
peak

NIM A 816 (2016) 176NIM A 1000, 165231 (2021) 

GAGG as scintillating material

Ø High light output and relatively fast 
decay time (~𝟓𝟎	𝐧𝐬)

— Tunable scintillation properties
Ø Radiation hardness tested up to 

𝟏	𝐌𝐆𝐲

SPACAL prototype with W absorber and garnet crystals

Ø Module details:
— Absorber in pure tungsten 19	g/cm*

— 9 cells of 1.5×1.5	cm,	 (RM	~	1.5	cm)
— 4 + 10	cm long                                         (7 + 18	X9)
— Reflective mirror between sections
— Squared garnet crystal fibres (1×1	mm,	cross section)
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Ø Time stamps obtained using CFD algorithm
Ø Time resolution C&A GAGG at 3°+3°:

— Measurement in direct contact with 
MCD(R7600U-20) PMTs for ultimate 
performance

— Double-sided readout
— 18.5 ± 0.2	ps	@	5	GeV

NIM A 1045, 167629 (2022)

20 ps

Ø Resolution improves increasing the 
incidence angle

Ø Energy resolution at 3°+3°:
— Sampling term:      10.2 ± 0.1	%
— Constant term:                1 − 2	%

Performance in line with targets

SpaCal - W Absorber - Crystal Fibres
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Ongoing R&D: Accelerating Scintillation

Ø The issue: current commercial GAGG has scintillation decay time >
𝟒𝟎	𝐧𝐬

— Mitigate spill-over effect on time resolution
Ø Novel GAGG compositions developed to quench scintillation

— Light yield reduced
— Decay time accelerated
— Time resolution kept competitive

Ø R&D to produce large-size and homogeneous Czochralski ingots
Ø Collaboration with:

— SiPAT, China
— FZU and Crytur, Czech Republic
— European project TWISMA including CERN, ILM & UCB, and ISMA

Ø The Second prototype in June 2024
— SiPAT GAGG with decay time ~ 20 ns
— 3D-printed absorber with LaserAdd, China
Ø Two more cells filled in 2025 with new

 GAGG fibers with decay time ~10 ns
Ø FZU/Crytur & SiPAT

Material Advances, 2022, 3, 6842

Eff. decay time
~26 ns

        ~ 1 ns

backfront 
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Ongoing R&D: Accelerating Scintillation
Ø Chinese group started R&D of fast GAGG in the end of 2021

— Collaboration with SIPAT (a company in Chongqing, China) for 
GAGG production

— A new laboratory was built at Peking University (PKU) for scintillator 
characterization

— Students from Tsinghua University (THU) and PKU involved in the 
R&D

Ø Novel GAGG compositions are developed at SIPAT to decrease 
the decay time
— First batch of SIPAT GAGG samples delivered to PKU in Jan. 2023
— About 60 ingots with optimization have been produced so far
— Tests on the samples show significant improvement in decay time

Ø Close collaboration with CERN colleagues in GAGG testing
— Besides testing at PKU, half of the samples are also delivered to 

and tested at CERN Increase doping , LY decrese, 
time resolution increase
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New prototype with accelerated GAGG and 3D-printed W absorber
● 5+10 cm longitudinally segmented protoype
● PMTs: Hamamatsu R9880-20

Just tested at SPS in September 2025

Very preliminary results are in line with the target:
● Time resolution below 20 ps above 20 GeV 
● Energy resolution: sampling 10% + 2% constant term

○ optimisation ongoing to reduce it

Average Waveform - HPK R9880U PMT

10

12 cm

Crystal Fibres: Accelerated Prototype

Time Resolution
Energy Resolution

Ø Time resolution SIPAT GAGG at 3°+3°:
— R11187 (Direct contact) and R9880U have similar 

performance (<20 ps when > 20 GeV)
— MAPMT and R11187 (square LG and only front part) much 

worse in time resolution

20 ps

Ø Energy resolution at 3°+3°:
— Sampling term:                 10.6 ± 0.2	%
— Constant term:                          ~2	%

weighted average

First measurements performed with non-optimal configuration
degradation of energy and time resolution expected

Time resolutionEnergy resolution

SpaCal - W Absorber - Crystal Fibres
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Light Guide System for SpaCal
PMTBundler Light Guide

lower at the light guide entrance borders than in the center, creating non-homogeneity665

that could impact the constant term of the calorimeter energy resolution. The e!ect of666

this will be shown in this section, as well as how we mitigated it.667

6.1 Test bench for studies of hollow light guides668

The optical system can have a significant impact on the non-uniformity of light collection669

across the entrance area. Optimization studies are being performed at CERN to reduce670

this e!ect, which has an important contribution to the constant term of the energy671

resolution. Studies include detailed Monte-Carlo simulations with full Ray-Tracing of672

optical photons inside light guides, together with lab measurements and a test bench673

(shown in Figure 26a) developed to study the optical system (examples shown in figure674

26b). With this bench, the light collection e”ciency can be sampled at di!erent positions675

to obtain a ”response map”.676

677

(a) (b)

Figure 26: Test bench for optimization studies of hollow light guides including a laser, pair of
steppers, and a prototype comprising a plastic absorber holding the fibres, the light guide, and a
PMT. (26a) di!erent geometries of hollow light guides, a fibre bundle, and a reflective foil with
fibre holes (26b).

The key conclusions of the light guide optimization studies are threefold:678

1. Response uniformity is better for light guides where the ratio between the readout679

and entrance area is closer to one. This result is a direct consequence of Liouville’s680

theorem applied to the light transport.681

2. Longer light guides improve uniformity due to better light mixing and a higher682

acceptance angle for incoming photons.683

3. Making a bundle of fibers allows more favorable light guide geometries leading to684

improved uniformity and increased total light collection e”ciency.685

32

ESR reflection film

Test light guide and bundler

• Conventional plastic Light Guide is not rad-hard Fail

• Radiation-hard Hollow Light Guide

• Design & validation for LS3 enhancement are done 

• Preparing for production

• ESR foil radiation-hard (>90% 
reflectivity at 300 kGy) 

• Fast timing (~60 ps jitter)

Hollow ESR Light 
Guides

• Higher light yield (>30% increase)
• Uniform response (<10% non-

uniformity)

New Fiber 
Bundling Process

Test different production method

Resin 3D print Steel 3D print CNC machining
02/11/2025 LHCb Upgrade, CLHCP 2025, Hengne Li 34



PicoCal: Simulation study and 
software development
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• Simulation study
ü Material R&D: study of spill-over effect to identify target decay time of garnet crystal
ü Performance compared between different scenarios for benchmarking physics modes 
→ Timing information plays a critical role in background reduction

• Software development
ü Construction of simulation in LHCb official framework

 → templated pulse method for digitization
ü Integration of reconstruction algorithm to the LHCb

official framework

setup 1
setup 2𝑩𝟎 → 𝑲∗𝟎𝜸

𝑫𝟎 → 𝝅;𝝅"𝝅𝟎



New efforts: TORCH detector
• TORCH for Upgrade II: Dedicated PID for low-momentum tracks (<10 GeV/c) to boost LHCb's flavor physics.

• LHCb China Teams: UCAS, USTC, and AUST are engaged in simulation, SiPMs, mechanics, and test beams.

• Leadership & Milestone: Convening simulation (Peilian Li); 2025 test beam for full-size module validation.

Test Team 
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Upgrade Talks at CLHCP 2025
Talk/Poster Title Speaker Upgrade/Computing Session, Date 

and Time

Talks

R&D on the fast GAGG for LHCb upgrade II Zhiyang Yuan (Peking University) Oct 31, 2025, 2:00 PM

Development and test-beam measurements of LHCb PicoCal modules Xiaofan Pan (Tsinghua University) Oct 31, 2025, 3:00 PM

Software development for LHCb ECAL upgrade Zifan Li (Peking University) Oct 31, 2025, 3:20 PM

Simulation studies for LHCb ECAL upgrade Chenjia Zhang (Peking University) Oct 31, 2025, 3:40 PM

The simulation and reconstruction studies on LHCb UP detector for Upgrade II Mingjie Feng (IHEP) Oct 31, 2025, 5:00 PM

Development of 3D-Printed Tungsten Absorbers for the LHCb ECAL Upgrades Jike Wang (Wuhan University) Oct 31, 2025, 6:00 PM

Sensor development for LHCb Upstream Pixel Tracker Zeng Cheng (IHEP, CAS) Nov 1, 2025, 2:00 PM

LHCb UP Module and Stave Assembly Development Zhijie Wang (Lanzhou University) Nov 1, 2025, 3:20 PM

Operation and performance of LHCb Upstream Tracker Yuan YUAN (IHEP) Nov 1, 2025, 4:40 PM

Real-time analysis at LHCb for Run 3 and beyond Peilian Li (UCAS) Nov 1, 2025, 3:30 PM

Status of LZU Tier 2 and 3 cluster Kunpeng Yu (Lanzhou University) Nov 1, 2025, 2:20 PM

Poster
UP bare stave design and thermal study Tiange Li (Hunan University) Oct 30, 2025

Test of signal integrity in flex cable Hanbing Liu (Lanzhou University) Oct 30, 2025
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Summary
• LHCb upgrade is needed to continue deliver excellent physics results
• China group is contributing more than before in the upgrade projects.
• Upgrade I, made critical contributions, including Run3 trigger & performance.

• UT (installation and radiation test)
• SciFi (QA system and Front-End Board)

• LS3 enhancement and Upgrade II, now playing a leading role in UP and ECAL
• UP: Taking leading roles in 5 of the 6 WPs, esp. in CMOS chips as the key technology.
• ECAL: Taking leading roles in W Absorber and GAGG Fiber, and critical contribution in 

simulation and software, optical assembly, prototyping, also starting in PMT.
• TORCH: New efforts started!
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backups
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Results from blocks, Dec. 2020

50 m
m

121 mm

SpaCal - W Absorber - Polystyrene Fibres

beam

Ø Full size 𝟏𝟐𝟏×𝟏𝟐𝟏	𝐦𝐦𝟐	Module 0  assembled at CERN in 2023:
Ø Passive materials:

— 3D-printed W absorber 
• 3×50	mm	+ 1×40	mm	long blocks
• R&D performed with EOS, Germany

— Very good mean roughness R' = 5	µm	achieved
• Smooth surface mandatory not to damage fibres

— Radiation-hard “hollow light guides” made of 3M ESR
Ø Active materials:

— Single-cladded Kuraray SCSF-78 square fibres 1×1	mm& 	

beam

LS3 Enhancement
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Technologies for ECAL Upgrade II
SPACAL technology for inner region.
Ø 𝟏. 𝟓×𝟏. 𝟓	𝐜𝐦𝟐	cell - W absorber and crystal fibres

— Development of radiation-hard crystal fibres
— Polystyrene fibres for Run 4, then replaced by crystals

Ø 𝟑×𝟑, 𝟒×𝟒 𝐜𝐦𝟐	cell - Pb absorber and plastic fibres:
— Need radiation-tolerant plastic fibres

Shashlik technology for outer region
Ø 𝟒×𝟒, 𝟔×𝟔, 𝟏𝟐×𝟏𝟐 𝐜𝐦𝟐	cell

— Timing improved with faster WLS fibres and double-sided readout

LHCB-TDR-023, LHCB-TDR-024, LHCB-TDR-026
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ECAL configuration to be installed during LS3

Ø 176 new SpaCal modules in the inner region
 → This region covers about 35% of photons and neutral
 pions from B-hadron decays over the ECAL acceptance
Ø The existing modules will be rearranged in rhombic areas 

(32 Shashlik modules with 𝟒×𝟒 𝐜𝐦𝟐	cell size will be 
replaced)

LHCB-TDR-023, LHCB-TDR-024, LHCB-TDR-026
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Simulation, reconstruction and performanc
stuides

• Material R&D: study of spill-over effect to identify target decay time of garnet crystal

• Construction of simulation in LHCb official framework

𝝉𝐝𝐞𝐜𝐚𝐲
𝐥𝐢𝐠𝐡𝐭	𝐲𝐢𝐞𝐥𝐝

~𝐜𝐨𝐧𝐬𝐭

ü spill-over effect on energy & time resolution being studied by subtracting 
contribution from previous events with exponential fit

Shashlik module in 
DD4Hep

event train with bunch crossing of 
25	ns
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PicoCAL - reconstruction
• Build-up of a working package based on layered 3x3 (& optimized shapes) clustering

• Development of machine learning approaches 
for clustering – GNN method
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ü Improved energy resolution wrt classic 
clustering
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PicoCAL - performance
• Performance compared between different scenarios

for benchmarking physics modes

• Studies based on 3x3 clustering approach
• Timing information plays a critical role

in background reduction
• Results included in 

LHCb Upgrade II Scoping Document
[CERN-LHCC-2024-010, LHCb-TDR-026]

𝑩𝟎 → 𝑲∗𝟎𝜸

𝑫𝟎 → 𝝅;𝝅"𝝅𝟎
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