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LHCb detector … upgraded!
§ Single-arm spectrometer at LHC dedicated for heavy flavour physics
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4.0×10!"𝑐𝑚#"𝑠#$ ×5
→ 2.0 × 10!!𝑐𝑚#"𝑠#$

Already > 25 fb-1 in Run3



LHCb-China contribution in tracking system
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Side view

Top view

Upstream Tracker / UT Scintillator Fiber Tracker / SciFi
§ UT installation & operation
§ Irradiation study of SALT

chip with Chinese facilities
§ Control & safety software

§ FE board design and production
(>2500 PCB)

§ Quality assurance system
§ Study of radiation damage on SiPM



Run3 Performance
§ Trigger efficiency significantly improved – removal of L0 working

• For hadron and electron as intended, and also for muons
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LHCb-Figure-2024-030

§ Efficient use of CPU on WLCG grid
to process huge amount of data
• > 75 PB transferred from online farm
• Contribution from Beijing Tier-1, 

Lanzhou Tier-2 operating since 2024

Run 3

Run 2



Performance
§ First glimpse at the mass peaks …
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1.1e6 per fb-1, 3× Run2

1.8e6 per pb-1, 2.8× Run2

𝐾% → 𝜋&𝜋# at PbPb run

𝐷∗ → 𝐷((𝐾%𝐾%) 𝜋

3.6× Run2

𝐷& → 𝐾#𝜋&𝜋&.

𝐵( → 𝐷#𝜋&Υ 1𝑆 , Υ 2𝑆 , Υ(3𝑆)

𝜓(2𝑆)



From performance to results
§ First new particle discovered at

upgrade LHCb: 𝛯!!"

§ But let’s take a closer look at the
doubly charged 𝛯!!"" yield
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5.6 fb-1 @ 13 TeV, 2016-2018
𝛯**&& Yield: 285 / fb-1. in Run 2

6.9 fb-1 @ 13.6 TeV, 2024
𝛯**&& Yield: 1,262 / fb-1. in Run3

arXiv: 2603.28456

JHEP 02 (2020) 049



Upgrade II
§ Upgrade II to fully exploit flavour

physics potential in HL-LHC

§ Target luminosity:
• 1.0 × 10!"cm#$s#%

• 300 )b#%

§ High-lumi operation challenges:
• Pile-up: 𝜇 ∼ 1 → 5 UI → 40 UII ,
• High multiplicity (→ occupancy)
• Severe radiation damage
• High data rates (200 Tb/s)
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Upgrade I Upgrade II

HL-LHCLHC

Expression of interest CERN-LHCC-2017-003
Physics case CERN-LHCC-2018-027
Framework TDR CERN-LHCC-2021-012
Scoping Document CERN-LHCC-2024-010

now



… an ultimate flavour experiment at HL-LHC
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VELO pixel
detector with
timing capability

Upstream Tracker UT
with CMOS pixels

Mighty Tracker MT
Outer: improved SciFi
Inner: CMOS pixels

RICH1 & RICH2 with SiPM/MCPs
and timing capabilities

PicoCAL: SPACAL (inner) + Shashlik
(outer), with timing capabilities
HCAL & neutron shielding removed

Muon detectors µRWELL (inner)
+ MWPCs (outer)

ℒ89:; = 1.0 × 10<=cm>?s>@
(5 × Run 3)

New TORCH ToF with
quartz radiation + MCPs

New Magnet Station MS
Scintillation + SiPM to
improve low-p tracking New readout, FE, ASICs, event

builders, HLT1 & HLT2 farms …



Chinese LHCb team playing essential roles
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VELO pixel
detector with
timing capability

Mighty Tracker MT
Outer: improved SciFi
Inner: CMOS pixels

RICH1 & RICH2 with SiPM/MCPs
and timing capabilities

Muon detectors µRWELL (inner)
+ MWPCs (outer)

ℒ89:; = 1.0 × 10<=cm>?s>@
(5 × Run 3)

New TORCH ToF with
quartz radiation + MCPs

New Magnet Station MS
Scintillation + SiPM to
improve low-p tracking New readout, FE, ASICs, event

builders, HLT1 & HLT2 farms …

Upstream Tracker UT
with CMOS pixels

PicoCAL: SPACAL (inner) + Shashlik
(outer), with timing capabilities
HCAL & neutron shielding removed



Upstream Pixel Tracker (UP)
§ Challenges for UT due to higher luminosity

• Max hit rate ~160 MHz/cm2) à higher granularity
• Ability to tag 25ns bunches à good timing resolution
• Increased radiation level:

NIEL up to 3 × 1015 neq/cm2, TID up to 240 MRad

§ A monolithic CMOS based pixel detector proposed
• Sensor options: HVCMOS / small electrode CMOS
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~1400 mm

~1200 m
m

~420 mm

6.8 m2 active area
in ‘middle-scenario’

now



UP: COFFEE sensors
§ Advanced 55nm CMOS R&D driven by

Chinese groups using domestic foundry
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UP: design concept & prototyping
§ Three module concept designs

• Unique gapless design proposed by Chinese groups; prototypes with dummy chips
• Mechanical prototypes of light-weight bare stave
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Module prototype



UP: simulation and performance
§ Standalone UP tracking possible with pixel sensors
§ More possibilities in tracking algorithms
• Forward alg.: VELO à UP / MT
• Match alg.: VELO + MT à + UP
• Backward alg. (new!): combine all 3 standalone tracks

§ Merging all algorithms give good performance (eff ~95%,
ghost rate O(%)) as of now, under >8 times more tracks!
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UP: organization
§ Collaborations of 12 groups from China, France, Mongolia and US

• Chinese groups playing leading role
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Project Leader: Jianchun Wang / IHEP,
Deputy: Tomasz Skwarnicki / Syracuse, Benjamin Audurier / IRFU

1st UP workshop @ Beijing

2nd UP
workshop
@ Paris



ECAL à PicoCAL
§ Maintaining ECAL performance
§ Inner part using SpaCal and outer keeps Shashlik technology
§ Timing of O(10) ps expected
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§ Chinese groups active in the R&D:
• Simulation and optimization
• 3D-printed tungsten absorber
• GAGG crystal fibre development
• Light guide
• SiPM R&D
• SpaCal module assembly
• …

CERN-LHCC-2023-005



PicoCAL: progress

16

§ Software and simulation
• Performance studies: decay time impact; timing information
• Software development & optimization of reconstruction algorithm in full swing towards U2 TDR

setup 1
setup 2𝑩𝟎 → 𝑲∗𝟎𝜸

𝑫𝟎 → 𝝅&𝝅#𝝅𝟎

• Templated pulse method developed
for digitization, and used in official
simulation framework

• Integration of reconstruction algs



PicoCAL: progress
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§ Software and simulation
§ Fast GAGG crystal fibre development

• Collaborating with SiPAT (电科芯片)+CERN starting from end of 2021
• Gradually reducing effective decay time 𝜏,--: 50 ns (2022) à 20 ns (2024) à 8 ns (2025)
• SpaCal-W-GAGG prototype with GAGG with 𝜏,-- ≈ 20 ns, testbeam at SPS+DESY

Increase doping , LY decrese, 
time resolution increase

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



PicoCAL: progress
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§ Software and simulation
§ Fast GAGG crystal fibre development
§ 3D printed tungsten absorbers

• Co-developed with LaserAdd (雷佳)

§ LS3 SpaCal-W-Polystyrene module assembly
• Modules assembled in Beijing and tested at CERN beams

Both use W absorbers
from China group

20 ps



PicoCAL: progress
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§ Software and simulation
§ Fast GAGG crystal fibre development
§ 3D printed tungsten absorbers
§ LS3 SpaCal-W-Polystyrene module assembly
§ Light-guide system development

• Radiation-hard hollow light-guide and new fiber
bundle process with Chinese provider

§ PMT R&D started, collaborating with
NNVT(北方夜视)+IHEP

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

Test different production method

Resin 3D print Steel 3D print CNC machining



ECAL/PicoCal management structure
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Upgrade II physics potential
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Physics Prospects
§ Statistics is powerful
§ Some gain can be expected
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??

Run 2 Run 3 Upgrade II

Baryons?
(bqq, ccq,

bcq, bbq,…)

Tetraquark?

Pentaquarks?

Physics case for Upgrade II, CERN-LHCC-2018-027, arXiv:1808.08865
Chen et al, Frontiers of Physics 18 (2023) 44601 https://www.nikhef.nl/%7Epkoppenb/particles.html

§ Some not



An example: search for 𝑻𝒃𝒄
§ 𝑇!! (𝑐𝑐$𝑢𝑑̅) discovery in 𝐷𝐷𝜋" final state

§ Similar tetraquark states 𝑇#!(𝑏𝑐$𝑢𝑑̅)?
• Mass prediction around BD threshold (-50, 120)MeV

• If 𝑚 𝑇#! > 𝑚 𝐵 +𝑚(𝐷) can decay strongly

23

Nature Phys. 18 (2022) 7

W. Chen, T.G.Steele, S.-L. Zhu, PRD 89 (2014) 054037
M. Karliner, J.L.Rosner, PRL 119 (2017) 202001
T.F.Carames, J.Vijande, A. Valcarce, PRD 99 (2019) 014006
A.Radhakrishnan, M.Padmanath, N.Mathur, PRD 110 (2024) 034506
S.Meinel, M.Pflaumer, M.Wagner, PRD 106 (2022) 034507
W.L.Wu, Y.Ma, Y.-K. Chen, L.Meng, S.-L. Zhu, PRD 110 (2024) 094041

D.Ebert, R.N.Faustov, V.O.Galkin, W.Lucha, PRD 76 (2007) 114015
E.J.Eichten, C. Quigg, PRL 119 (2017) 202002
J.-B. Cheng, S.-Y. Li, Y.-R. Liu, Z.-G. Si, T. Yao, CPC 45 (2021) 043102
Y. Song, D. Jia, Comm. Theo. Phys. 75 (2023) 055201

Above BD
threshold



Background to strongly decaying 𝑻𝒃𝒄
§ Main background: associate production of B and D mesons
§ Use MadGraph_aMC@NLO to simulate SPS & DPS contribution
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M.Feng, YL, H.-S. Shao,
accepted by CPC

Using published LHCb B
and D production paper to
weight DPS contribution

𝜎 𝐵𝐷 =
𝜎 𝐵 ×𝜎(𝐷)

𝜎,--

Where to look for 𝑇&'

𝜎,-- = 15 mb
also scanned for 5, 30 mb



𝑻𝒃𝒄 assumption
§ Cross-section prediction

• Optimistic: 103 nb
• Pessimistic: 0.3 nb
• Intermediate: 18 nb

§ Mass / Width
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M.Feng, YL, H.-S. Shao,
accepted by CPC

A. Ali, Q. Qin, W. Wang, PLB 785 (2018) 605

Y.-Q. Chen, S.-Z. Wu, PLB 705 (2011) 93

Derived from Tcc; Tcc xsec prediction from
A. Ali, I. Ahmed, M.J.Aslam, PLB 855 (2024) 138779
Xibc/Xicc ratio from J.W.Zhang, X.G.Wu, T. Zhong
PRD 83 (2011) 034026



Sensitivity to strongly decaying Tbc
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M.Feng, YL, H.-S. Shao,
accepted by CPC

𝜎,-- = 5 mb 𝜎,-- = 15 mb 𝜎,-- = 30 mb

𝜎(𝑇.*) = 103 nb

𝝈(𝑻𝒃𝒄) = 18 nb

𝜎(𝑇.*) = 0.3 nb

Run 3+4

Run 5

Data after Upgrade II
needed for 5𝜎
discovery in most
parameter space!



Summary
§ LHCb is taking data at full speed after Upgrade I with improved performance, especially

trigger efficiency for hadronic final states

§ Development for Upgrade II is ongoing with innovative technologies

§ LHCb-China contributed in U1, and leading in many aspects in UII activities exploiting
domestic technology

§ Upgrade II will be a rich mine for heavy flavour physics, and QCD
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Thank you and stay tuned


