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LHCDb as we knew
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Data samples
» 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

A typical fill at LHC <F I3 I
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Goal of LHCb Upgrade |

= Removing the hardware trigger

= Increase lumi by a factor of 5 ; Software High Level Trigger
° 4% 1032 Cm—Z S—l — 2% 1033 Cm—ZS—l [ -Partial event recons_truction, §e|ect
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LHCb Run 2 Trigger Diagram

~ L I>
LO Har Trigger '
__cUres

readout,

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

r I I
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LHCb Upgrade Trigger Diagram

Software High Level Trigger

Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

Buffer events to disk, perform online
detector calibration and alignment

4 N
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
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Upgraded LHCb:

what it looks Ii

e NOW
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A brand new detector!

// -

New Upstream e
Tracker UT with e ECAL "CAL

silicon strips Magnet SciFi  RICH2
Tracker e

M4 M>

New dedicated
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poa 1 )

New SMOG2 Linst — 2 X 1033Cm_28_1

(5 x Run 1,2)

for fixed-target
collisions
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Tracking system

Side view
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VELO

= Silicon pixel to replace strips
* 55um * 55um pixel with microchannel cooling
e 26 pair of modules
© Dy ~ 7x10M - 8x101° ny, cm™?
* 150um thick RF foil
°* Only 5.1mm away from the beam

~43 mm

~15 mm

ASIC

(veloPix)

ASIC

(veloPix)

ASIC
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Microchannels fof-.,
CO2 circulation
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Upstream Tracker (UT)

= Key component in tracking
* Reducing ghost rate, speeding up tracking,
crucial for long-lived particles like Ks, A
= Silicon strip detectors
* 4 |layers (0°,+5° —5°,0°)
* 4 different sensor types depending on region

Flex cable
Data/power/gro
unding /

Data
Control

Board Module Support

2025/04 /19

1719 mm

| -
—( 66.8 mm o
[ (2]
a’%,,, I
1528 mm
Sensor| Type | Pitch, ym | Length, mm | Strips Sensor #
B n-in-p 93.5 98 1024 48
C n-in-p 93.5 49 1024 16
D n-in-p 93.5 49 1024 16
9
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Chinese contribution in UT oy

* 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

' ECS and DSS panels
Completion of UT A-/C-side Irradiation test at CIAE and CSNS ~ designed by IHEP
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SciFi
= Scintillator fibre read out by SiPM readout
* 12 layers with area 6x5 m?
* Fibres 2.5 min length, 250 um in diameter
* Spatial resolution < 80 um
* Hit efficiency > 99% L e
524,000 readout channels! |

SiPMZ24: b
EREIEH

I, 12248
HARRARNE

e T

26.4mm 20.0mm

4 E“] Sm
ESYN]

6m
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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)

A2

o I WY SRR

Poall ws AL = e e

= = O . o & 2 EL = Tow NIC¥

(1] Lan :
sub-component boards

—\_- -

~12k ASICs tested :

v'Heidelberg (DE) tested individually
v Tsinghua (CN) v Heidelberg (DE)
v Barcelona (ES) ¥ Tsinghua (CN) every FEB tested by a custom test
scan all critical parameters “:g"enmt(gs) . system for quality assurance
with a custom design system. /Ni‘ls;: ?‘Z&Sﬂaﬂ (FR)
Best ones selected for SciFi Before assembled into a FEB
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Uparaded PID systems

CH1 hitmap from 2023

S )

ECAL / HCAL detector
remain with new readout;

SPD/PS removed

> i
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{ MUON: removal of M1, more
shielding, new readout
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Integrated Recorded Luminosity (fb™)

Run 3 ongoing!

= Completion of installation in Mar 2023, commissioning since 2022
= All subdetectors working as designed!
= 50 fb~! by end of Run 4: > 5 times of data now sl lilcbeic]
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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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Upgrade i

LHC HL-LHC
Upgrade | Upgrade Il
Run 1 Run 2 Run 3 Run 4 Run 5
— 16
o E
L 14— = N ™ <t
e 19E 7 7)) 7 %)
o - -l -l -l -l
g 12 g
= = actual O
bl 10: — = expected e \/
_-E' 8 = =1 m 11 m expected with improved LHC optics at Run 5 :'
7 - 0
o - 9
: o ~,
£ SE J
2 a4 //
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g 2 :— e o o o o I
& 0 wl—'-ﬂ-/l 1l . A i
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350"
2
300 =
250 8
c

200 E
=

= Upgrade Il to fully exploit flavour
physics potential in HL-LHC

» Target luminosity:
 1.0~1.5x 103*cm™2s~!

* 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)

ST ~2000 tracks 1
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LHCDb in Upgrade li

Side View
M
Magnet & . uon
Magnet Stations TORCH PicoCal
Mighty ___ RICH2
1 Tracker

LR i) 111
1@ i) SRR

LHCb Upgrade Il

el

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

Review by LHCC concluded &
endorsed; recommended to
proceed with ‘middle-scenario’
(1.0 x 103*cm™2s71)
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... an ultimate flavour experiment at HL-LHC %

Mighty Tracker MT
Outer: improved SciFi
Inner: CMOS pixels

Upstream Tracker UT  Magnet &

: . M Stati TORCH PicoCal
with CMOS pixels S Mighty __ RICH2
‘ Tracker
RICHI1 \ \'ﬂ' 5 g
UT &
VELO \\_ | ..
ey - N 2 R B
N | - aA
New Magnet Station MS [
VELO pixel Scintillation + SiPMto |
detector with improve low-p tracking ﬁ New readout, FE, ASICs, event

timing capability

builders, HLT1 & HLT2 farms ...

R ceo L= 1.0 x 103%cm 25!
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Upstream Pixel detector

» Proposal for a new UT using CMOS MAPS technology
* Higher granularity for high multiplicity
* Better radiation tolerance

» R&D collaboration formed mainly by Chinese and French institutes
* Leading development in simulation, CMOS sensor R&D and prototyping

Simulation shows UP improves

2025704719 ghost rate and momentum resolution
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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 Simulation and optimization
e 3D-printed tungsten absorber
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ECAL doses
---4x10* Gy
—1x10*Gy

. - 12x12 cm?
- * GAGG crystal fibre development
150
C . : _—_—
L E o LHCb upgrade Il £,>25Gev
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Physics Prospects

= Statistics is powerful

= Some gain can be expected

LHCb LHCb LHCb
Observable
current (23 fbh) (300 fb1)
CKM tests
~ (all modes) 4° [784, 931] 1.5° 0.35°
v (B®=D+K-) (t35)° 4° 1°
sin 23 0.04 [932] 0.011 0.003
b (BE%.I/V)(#) 49 mrad [933] 14 mrad 4 mrad
b (Bg_)D;rD;) 170 mrad [825] 35 mrad 9 mrad
0555 (BY—00) 154 mrad [936] 39 mrad 11 mrad
ag 33 x 10~4 [938) 10 x 1074 3x 1074
[Vub| /| Ves| 6% [847) 3% 1%
Charm
AT 2.9 x 10~4 [790] 1.7x 1074 3.0 x 107°
Ar 1.3 x 1074 [877] 4.2x107° 1.0 x 107
Bly—wtn”
gj%’.;,f%; 1% (661, 662] 34% 10%
TBO sy p— 14% [661, 662] 8% 2%
EW penguins
Ri (Bt=K*etim) 0.044 [703] 0.025 0.007
Ry« (BO—=K*0¢+(7) 0.10 [709] 0.031 0.008
LFU tests
Rp- (B"=D*(+v) 0.026 [941, 942 0.007 0.002
0.24 [943] 0.07 0.02

Ry (BF=J/lt)

07

0.6

05

04

03

0.2

0.1

0.4

Physics case for Upgrade I, CERN-LHCC-2018-027, arXiv:1808.08865
Chen et al, Frontiers of Physics 18 (2023) 44601
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Upgrade Il
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Summary oy

» LHCb upgrade | is completed and continues to take high-quality physics data
» R&D ongoing for Upgrade Il, Chinese groups are key players in UT and ECAL

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