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LHCb experiment

= Single-armed forward spectrometer
« Designed for heavy flavor studies: probing new physics in rare SM processes

« A general-purpose detector in the forward region

LHCb MC
Vs =14 TeV

Int. J. Mod. Phys. A 30 (2015) 1530022
JINST 3 (2008) 508005

Jibo He, “LHCb summaries”
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Excellent detector performance
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Fruitful physics output - powered by statistics
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Motivation of detector upgrade

= More data, higher discovery potential!
= Why cannot fully exploit what LHC offers?
o Saturation of hadronic trigger at higher lumi due to TMHz hardware trigger

o Performance degradation with increase of detector occupancy

e Limited radiation hardness of trackers
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Motivation of detector upgrade

= More data, higher discovery potential!
= Why cannot fully exploit what LHC offers?
o Saturation of hadronic trigger at higher lumi due to TMHz hardware trigger

o Performance degradation with increase of detector occupancy

e Limited radiation hardness of trackers

= Increase the instantaneous lumi to 2 X 1033 cms'a factor of 5 increase
= Remove the 1 MHz hardware trigger
o All detectors read out @ 40MHz = new FE electronics & readout network
 Flexible software trigger entirely on a CPU/GPU farm
= Sub-detectors work at higher lumi

e High granularity for higher occupancy

e Radiation tolerance
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Goal of LHCb upgrade |
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Overview of Upgrade |

Trigger-less readout system; Real
| Time Analysis integrated in DAQ
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RICH: Updated optics; new Calorimeter: Remove SPD/PS;
photon detectors/new readout PMT at reduced gain; new readout
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Readout SYStem Comput. Softw. Big Sci 4, 7 (2020)

LHCb 2012 Trigger Diagram
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Miroslav Saur, “Status of the Real Time Analysis project at LHCb
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Tracking system
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VELO

Retractable two-halves

(!

Enclosed in secondary vacuum

(!

o Aluminum foil only 150um thick

Hybrid pixel detector

(!

o Low occupancy, easy pattern recognition A

Closest beam approach: 8.2mm — 5.1mm

(il

o Better IP resolution
» Severe radiation in innermost part

Microchannels in silicon substrate for
evaporative CO, cooling
A
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n-in-p sensor

SEM images of etched wafer before bonding
: Size ~43x15 mm?

Pixel size 55x55 um2 |
Thickness = 200 um
d/2=5.1mm

-

module

'm0 . A




Role of Upstream Tracker (UT)

Upstream track
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= High tracking efficiency

o Crucial for efficient reconstruction
of particles decaying after VELO:
K, A when combined with SciFi

= Fast tracking algorithm

« Reduction of ‘ghost’ tracks, speed
up up- & downstream matching,
allowing a more performant
tracking and triggering algorithms

13



UuT

1719 mm

= ~ UTbX y
= Four layers of silicon strip det. Y ><Z<‘>I
o Strips along y (or £5°) ol UTax
= Improved coverage/granularity ﬂ

wrt current TT
» Radiation hard sensor s o §
®ppax ~ 5 X 1014 nggem 2 r
» Dedicated FE (SALT) for readout 5, I

at 40 MHz near sensor ; 1528 mm

UT Stave

More digital processing at end
of stave outside acceptance

(il
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UT - Chinese contribution

= IHEP play leading role in several
testbeam campaigns to validate SALT
radiation hardness

o Fermilab, MGH, PSI in 2019
o Planned test at CIAE Beijing

= IHEP, Hunan U and Tsinghua involved in
system test, detector installation and
control software development at CERN

&l

s o | o Chinese members in front of
-— s« Software developed slice test setup at CERN

by IHEP for slice test

Ina Carli, “Status of LHCb upstream tracker”
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Scintillating Fibre Tracker (SciFi)

il

= 3-station scintillating fiber detectors
340 m? sensitive area

= Readout with 4096 SiPMs + custom
made PACIFIC ASIC.

o A total of ~ 0.5 M SiPM channels!
= Spatial resolution ~70 um in X
= Single hit efficiency ~99%

(il

al
1 module with 8 mats

al

&l

1 SiPM Channel "
6 layers staggered
@250 um fiber mats

Assemby of
~ SciFi C-side
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SciFi - Chinese contribution

= Tsinghua played crucial part in FE electronics
o Co-designed the PACIFIC board

« Manufactured all (2300) boards with high quality
« Set up QA system (a total of 11 setups)

!

» Developed software to process SciFi testbeam data

(!

Contribution to SciFi readout test and commissioning
from Tsinghua, UCAS and CCNU

Zhiyu Xiang, “Test of LHCb SciFi readout electronics”
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Other sub-system in Upgrade |

RICH: Updated optics; new photon
detectors (MaPMT), new readout
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Calorimeter: Remove SPD/PS;
PMT at reduced gain; new readout
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Status and Timeline

= Delays and uncertainties due to Covid-19, nonetheless:

o Installation resumed since May, important milestones achieved. Bulk of
infrastructure and detector services completed.

o Ready for LHC commissioning as early as Nov 2021

LHCb Master Schedule (COVID DELAYS)
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LHCb Upgrade 1l
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Physics potential
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Upgrade possibilities at Ulb/II
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Upgrade possibilities at Ulb/ll

// Chinese groups actively participating in the R&D
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Summary

= Installation for an upgraded LHCb ongoing
o Despite the difficulty amid the pandemic
» To deliver a luminosity 5 times higher in coming Run3

» Chinese groups making substantial contributions
= Planning for upgrade Il started

o Physics potential to be exploited

o ldeas & development for new technology on the way

9 Nov 2020 LHCb upgrade @ CLHCP 2020
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