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LHCDb as we knew
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Data taking

» Most physics output using data before 2019

T =
o 22F — 2025 (13.6 TeV): 2.22 b~
T opE. —2024(13.6 TeV): 9.56 fb”
= — — 2023 (13.6 TeV): 0.37 fb™! —y—
B 18 5022 (13.6 TeV): 0.82 fbo =1T=Ef
o — — 2018 (13 TeV): 2.19 fb™! 13.6 TeV
S 16F- —2017(13TeV):1.71f B :
- — — 2016 (13 TeV): 1.67 fb™!
S 44 2015 (13 TeV): 0.33 fb™’ =
4 — — 2012 (8 ¥e¥g: $.?z13 ;b_l =1
— — 2011 (7 TeV): 1. —y——
D 12 2010 E7 Tev): 0.04 fo-1&1T—Hf
S 10l 13 TeV LS2 -
o — -1
S g ., 6 fb /
= 6 7/8TeV - S/
L 4 — 3 fbl /
S = LS
I 2 /
= oE v | | | | | | |
2009 2011 2013 2015 2016 2018 2020 2022 2024 2026
Year
2025/06 /30 LI Yiming: LHCb status and future upgrade




Data taking

» Most physics output using data before 2019
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Limitation due to trigger saturation

= Previous luminosity of 4x1032cm~2%s~! limited by detector capability!

LHCb Run 2 Trigger Diagram
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Goal of LHCb Upgrade |

= Removing the hardware trigger
= |[ncrease lumi by a factor of 5: 4x10%*cm™4s™*

LHCb Run 2 Trigger Diagram

1 O

Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

T I b
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— 2x1033cm2%s71

LHCb Upgrade Trigger Diagram

Software High Level Trigger

[ Full event reconstruction, inclusive and ]
e s

xclusive kinematic/geometric selection

L

Buffer events to disk, perform online

detector calibration and alignment

L

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

L O b

10 GB/s to storage
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Upgraded LHCb:
what it looks like now

Side View ECAL HCAL ‘i M5
M3
SciFi ~ RICH2 M
Tracker
s e
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A brand new detector!
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Side View
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Tracking system

Side view

silicon strips

New Upstream
Tracker UT with

RICUILL

Locator | /"
’ )

s n/e w4

New VELO
pixel detector

31 A 1

0
" -10
-
-0
”

W=

[mm]

el
-10
-20
=30

-40

L
400

- | scintillating fibres

L L
~200 0

2025/06/30

L
600
J]

L
200
L

1719 mm
UTbX Y
UTbV z
X
UTau
UTaX
£
== “ssi’w;,
o M2
giF1 —_
Tracker  —

| New SciFi with

M3

Vg MS

P
=
=
)
S
g

A-side

C-side

Top view

Upstream track

VELO
]

VELO track Downstream track

uT e
Long track

LI Yiming: LHCb status and future upgrade

T T2 T3

T track



Chinese contribution in UT o

* Played a key role in UT installation, FE verification and commissioning
* Verifying irradiation performance of SALT Frontend chip using Chinese facilities

e Control software (ECS) and detector safety software
* |nstallation of UT from the very first stave to completion despite pandemic

B

PR RN R e T

' ECS and DSS panels
Completion of UT A-/C-side Irradiation test at CIAE and CSNS ~ designed by IHEP
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FJ60035 Proton Irradiation Result

Chinese contribution to SciFi

» Development and production of FE electronics boards (> 2,500 PCB)
* Installed and working in SciFi

» Development of quality assurance system used in all SciFi assembly sites
= Study of radiation damage on SiPM

Dark Current (zA) @4V(Overvoltage)

—@— Bias Off
102 —@— Bais On

108 10° 10"
100-MeV Protons Cumulative Fluence (p/cmz)

e e

— i

sk

~12k ASICs tested : sub-component boards
v Heidelberg (DE) teste;d individually
v Tsinghua (CN) v Heidelberg (DE)

v Barcelona (ES) v Tsinghua (CN) every FEB tested by a custom test

scan all critical parameters ¥’ Valencia (ES) system for quality assurance

. . v Clermont-Ferrand (FR)
with a custom design system. ¥ Nikhef (NL)
Best ones selected for SciFi Before assembled into a FEB
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Uparaded PID systems

ECAL / HCAL detector
remain with new readout;
SPD/PS removed

— RICH1 hitmap from 2023 |
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Run 3 ongoing!

= Completion of installation in Mar 2023, commissioning since 2022, physics production since 2024

= 2025 data-taking smooth
* DAQ stability improved wrt 2024; All subdetectors working as designed!
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Performance

= Trigger efficiency significantly improved — removal of LO working
* For hadron and electron as intended, and also for muons
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Performance

* First glimpse at the mass peaks ...
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Future plan

LHC HL-LHC
Upgrade | Upgrade Il
Run 1 Run 2 Run 3 Run 4 Run 5
— 16
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el

In LS3: consolidation work
(Upgrade |b)
e ECAL, RICH, DAQ, ...

Upgrade Il to fully exploit flavour
physics potential in HL-LHC
Target luminosity:

e 1.0~1.5x10%*cm?%s™?!

* 300~350fb™1

High-lumi operation challenges:
* Pile-up: u ~1 - 5 (UI) —» 40 (UII),
* High multiplicity (— occupancy)
* Severe radiation damage
* High data rates (200 Tb/s)
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LHCDb in Upgrade li

Magnet &
Magnet Stations

.. i
/ AL

TORCH

Mighty
Tracker

gl —

|

Muon

PicoCal

RICH’

LHCb Upgrade |l

2025/06/30
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R

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

Baseline, 1.5 x 103*cm=2%s71
Middle-descoping, 1.0 x 103*cm=2s~1
Low-descoping, 1.0 x 103*cm™2s™1

Recommended by LHCC to
proceed with ‘middle-scenario’
(1.0 x 103*cm™2s71)

17



... an ultimate flavour experiment at HL-LHC %

Mighty Tracker MT Chinese interests & activities
Outer: improved SciFi

Inner: CMOS pixels

Muon
| Upstream Tracker UT | Maenet & o . PicoCal
: . Magnet Stations TORCH :
~with CMOS pixels Mighty ___ RICH2
Tracker
RICH Y w5
UT N o

g - | ama
By O || FEY

detector with improve low-p tracking
timing capability

VELO pixel Scintillation + SiPMto  _
? ﬁ New readout, FE, ASICs, event

builders, HLT1 & HLT2 farms ...

e = Linge = 1.0 X 103*cm™%s™1
LHCb Upgr (5 X Run 3)
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Upstream Pixel detector

» Challenges for UT due to higher luminosity
* Increased track density (hit rate ~160 MHz/cm?2) - higher granularity
* Higher bandwidth (up to 9 Gb/s on innermost chip)

* |ncreased radiation level:
NIEL up to 3 x 107° nge/cm?, TID up to 240 MRad

= A MAPS based pixel detector proposed
e Sensor options: HYCMOS / small electrode CMOS

» R&D collaboration formed mainly by Chinese and French institutes

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

PL: Jianchun Wang (IHEP, UT/UP)
DPL: Tomasz Skwarnicki (Syracuse, UT), Stefano Panebianco (IRFU, UP)

Yiming Li / IHEP Benjamin Audurier / IRFU
Fabrice Guilloux / IRFU ) Xuhao Yuan / IHEP
Franck Gastaldi / LLR | | simulation, reconstruction & performance
I Sensor chip design and characterization
Management
Structure || Manuel Guittiere / Subatech
Overall mechanics, integration & services

Charlotte Riccio / IRFU

Jiesheng Yu / HNU I Kai Chen / CCNU
Module stave and mechanical structure Readout scheme, DAQ firmware & software

2025/06 /30 LI Yiming: LHCb status and future upgrade 19



UP simulation and performance

= UP geometry implemented
In scoping document

» Upstream and downstream
tracks UP is crucial

* Ensure tracking efficiency
* Reduce ghost rate
* Momentum resolution

—

i

Track Efficiency
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Upstream tracks —
Tracking efficiency
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Long tracks — ghost rate
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Downstream tracks —
Tracking efficiency

=2
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UP sensor development

» Development of High
Voltage CMOS sensor
with advanced process
from domestic foundry

» Synergies with Mighty

Tracker pixel part with
other sensor candidates

COFFEE 2

First HVCMOS 55nm

prototype chip

Breakdown at -70V
- Responsive to laser, X-ray

and beta-ray sources

{§¢

Cmos sensOR IN
FirTy-FIVE Nnm PROCESS

Parameter UP Specification

Pixel size, square < 85 x 85 um?
rectangular <50 x 200 pum?

Substrate thickness < 200 pm

Pixel orientation

X

Max. Particle Rate (Rpgt)

74(34) MHz/cm?

Max. Hit Rate

150 Mhit s~ 1lcm 2

Max. length of data word

32

Overall efficiency

>96%

In-time efficiency

>99% within 25 ns

Noise rate (End of life)

< 400kHz/ cm?

Transmission rate

N x 1.28 Gbit/s

NIEL

3 X 10" ne,/cm?

TID

240 MRad

Power Consumption

< 200 mW/ cm?

ST 00 20 0 02k o 2025 >

COFFEE3

COFFEE1
- Prototype in LL
process

- Validation of deep

N-well structure

- Breakdown at -9V

2025/06 /30

Two pixel arrays with
data-driven readout

Designed for good timing
resolution and moderate

power consumption

LI Yiming: LHCb status and future upgrade

Large
prototype
planned
around
2027
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UP module and mechanics o

* 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 deS|gn

Thermal simulation of stave w. COZ

10 chips

F‘!"ﬁlﬂ'

1t dummy hybrid

2025 /06 / 30 LI Yiming: LHCb status and future upgrade 15t dummy module assembled 22
Apr 2025




PicoCAL

» Maintaining ECAL performance
* |nner part using SpaCal and outer keeps Shashlik technology
* Timing of O(10) ps expected

» Chinese groups active in the R&D:
e Software and simulation
Fast GAGG crystal fibre development
3D printed tungsten absorbers
Light-guide system development
LS3 SpaCal-W-Polystyrene module assembly

* (just started) PMT R&D SpaCal
L. i W mmlead  scint mmWLS
mm— obsorber Do light guide -. e
= = I o=
@ == —

front h back
—» Beam direction
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PicoCAL: progress o

= Software and simulation
* Performance studies for LHCb Upgrade Il (U2) Scoping Document
* Software development & optimization of reconstruction algorithm in full swing towards U2 TDR

» Fast GAGG crystal fibre development
* Collaborating with SiPAT (EBEl:}7)+CERN starting from end of 2021
* Gradually reducing effective decay time t.¢: 90 ns (2022) - 20 ns (2024) - 8 ns (2025)
* SpaCal-W-GAGG prototype with GAGG with 7.4 = 20 ns, testbeam at SPS+DESY in 2024

» 3D printed tungsten absorbers
* Finalising details for PRR (Production Readiness Review) in June

» Light-guide system development
* Light-guide design for LS4 and market investigation for material candidates in China

» | S3 SpaCal-W-Polystyrene module assembly
* Module assembly starting from 1 cell, to 4 cells, and finally full-size (36 cells)
o Many inputs for optimising the design and the assembly process
o Beam-test planned at SPS end of May, results for EDR review in June

= PMT R&D started, collaborating with NNVT (At 5 %&#)+IHEP

2025/06/30 LI Yiming: LHCb status and future upgrade 24




To conclude ...
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Physics Prospects

Experiment ATLAS CMS LHCb Belle IT
Assumed data sample ‘ 20.3-99.7fb~" | 116-140fb~" 2-9fb" ‘ 364-1075 fb~"
CKM angles
B — - 0.57° 1.2
@ — — — 6.6°
v - — 2.8° 13°
s [mrad] 42 [19] 23 f20] 20 [21 =

CP violation in loop-dominated decays
S(B° = /KY) -
s(B? — 69) [mrad] —
6s(B? = K*K*°) [mrad] —

69
130 [23

0.087

CP violation in B, ~BY{,) mixing

a3 [10-] — - 3 | -
~d [10-4] 9c lor A0 _foe
o s I I = ez © I )
CP violation in the charm sector
AAgp [1079] = T 29 630
Acp(D*H0 = 7+970) [10-9] — - 900 (28], — 870, 750
Ar(KK, 7r) [1075] — - 11 —
Az(D° - Kdr*7) [1079] - — 18 [30 140 [31]
Semileptonic B decays
Vil - — 6% 6.3%
[Ves| — — = L%
R(D), R(D*) — — 14% [35], 6% [36] | 12%, 7% (17
Leptonic B decays
B(BY — ptp~) [107°] pins 0.45 0.48 [39] —
B(B® — ptu~) [1071] <2.1"[37] <15 [38] 0.79 [39] -
7o (B = pt ™) [ps] 545 fao] 0.23 0.29 [39) —
S(B = ptpm) — — — .
B(B* = 1+v;) — — — 34%
B(B* — pty,) — — — 41% |17]

Flavour-changing neutral current b — s€£ d

PI(B® — K*°u*p~) [1073] 1 390
B(B+° — K+*%p) —
B(B+? — K+*°r*77) [1074] —

ecays

100

57%, 110%
<10, <18 [#4

Flavour-changing neutral current b — sy decays

B(B = Xs7; Ey > 1.6 GeV) —
S(B® — K37°%) —

S(BY = ¢7) —

A!?)(BO — K*%te; very low ¢%) —

o (4f — A%) —

0.32 [46]
0.10

0.26 [49

(16 — 18)%
o it

0.7;

Lepton flavour violation in 7 decays
B(r* — p*y) [10-°]
B(rt — ptptp) [107%]

< 376 [50]

< 2;[5] ’ < 4?[@ ‘

<75
<1853

T The sensitivity for the P} variable is quoted for the range ¢ € [4.0,6.0] GeVZ for ATLAS

and LHCb and ¢* € [4.3,6.0] GeV* for CMS.

Input to ESPPU 2024-2026: Projections for Key Measurements in

Heavy Flavour Physics, arXiv: 2503.24346
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= Statistics is powerful

* No exception for charm hadron related studies

= Some gain can be expected

= Some not
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Summary o

» LHCb upgrade | is completed and continues to take high-quality physics data

» R&D ongoing for Upgrade I

* LHCb-China are key players in UP and PicoCAL
* Subsystem TDR expected by end 2026

* A lot more data and potential for physics output, interplay with theory
community more important than ever

Thank you for your timel
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