Status of LHCb Upstream Tracker

2f& Quan Zou (IHEP, CAS)
The 7th CLHCP workshop, 25-28 November 2021
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LHCb Upgrade |
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] Replacing with new tracking detectors;
at least upgrade electronics for other sub-dectectors
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For general LHCb Upgrade, please see the plenary talk by Professor Jike Wang
For UT front end ASIC study, please see the presentation by Shuaiyi Liu RICH Detectors 1



Role of UT in Tracking

LHCD

> Provide fast track reconstruction to speed up trigger decision

d Tighten searching window in SciFi

d Charge determination

> Reduce ghost rate in long tracks

> |mprove momentum resolution

> |Increase reconstruction efficiency of long lived particles: e.qg. Kg
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UT overview

> 4 planes of silicon strips (X,U,V,X)@(0°,5°,-5°,0"), T e
providing stereo measurements B | UTbXUTbV Z:;f
> 16/16/18/18 staves for layer (X,U,V,X) l oy 8
> Modules mounted on both sides of the stave wdint S0
> Improved features comparing to previous TT
1 More radiation resilience for sensors Gs_imm £
d Larger coverage 2
1 Finer granularity ‘\' s, |
Hybrid & AISCs ) 1526 mm '

Module ‘ Stave




Silicon Sensors

Sensors

Type

Pitch/pm

Length/mm

PID 1A &g I b1 24 Ly
t LA l’} o AL ) QL g7 78 TN AU |
Institute of High Energy Physics Chinese Academy of Sciences

#Strips #sensors
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P-IN-N
n-in-p
n-in-p

n-in-p

187.5
93.5
93.5
93.5

99.5
99.5
50
50

512 ggg > Four types of the silicon sensors,
1024 48 968 In total.
1024 16

> Finer granularity and radiation hardness

1024 16 IN INnner-most region

d Outer region with p-in-n,187.5um pitch,
cost effective

d Inner region with n-in-p, 93.5pum pitch,
radiation-hard

1024 strips
Type B

1024 strips 5, SRR, (BN

Lin ik Circ Ll:.dl cutout
1024 strips near the
| i s beamline
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SALT: Silicon ASIC for LHCb Tracking

> 128 channels with 6-bit ADC (1-bit for polarity), 40MHz readout, 4192 ASICs in total
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> Wire-bonded to the sensor =15 :
> Fast shaping time/return to baseline 3 F :
& S —
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d 1,0 =25 s, less than 5% after2 1, o :
5[ ]

—100_l l l21()I | 410I l 610l l IBI0| | I1(|)0l | l1210l l l1‘110 l l16]0l | l1810l l 2—00
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> DSP!! features
- Per channel TrimDAC correction
1 Pedestal and common mode subtraction

1 Zero suppression

d Data formatting...

[1] DSP: Digital Signal Processing 5



Sensor & ASIC combined test

> Beam test at Fermilab in March 2019

< Type A unirradiated sensor: 99.5% efficiency and S/N~12

- Type B sensor irradiated to 2x maximum dose,
949% efficiency and S/N~11,
partially due to readout limitation

Final system expected to have single-hit

high efficiency (> 99%) and good signal-to-noise ratio
throughout experiment lifetime
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M. Artuso et al, "First Beam Test of UT Sensors with the
SALT 3.0 Readout ASIC" (2019) DOI:10.2172/1568842 6



https://www.osti.gov/biblio/1568842/
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PEPI cooled by water, boxes sit
directly on top and below staves

Staves cooled by CO.,
tested between -30° and 20°

' Service
Bays

LV and HV regulation
at the service bays
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Chinese members contributing to UT TRCY

d 3 staff: Jianchun Wang, Yiming Li, Shanzhen Chen
A 2 visiting scientists: Mark Tobin, Petr Gorbounov

14 postdocs: Nathan Grieser, Yu Lu, Ina Carli, Baasansuren Batsukh

d PhD students: Quan Zou, Shuaiyi Liu, Shugi Sheng, Xiaojie Jiang,
Zan Ren*, Feihao Zhang**, Bo Chen™*

*  Tsinghua University
*%  Hunan University 8
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LHCD

Beam test

- At CIAE (China Institute of Atomic Energy) Beijing, in December 2020
d At CSNS (China Spallation Neutron Source) Dongguan, in October 2021

5

L

Laser VLDB SALT V3.9 T T,
Alignment Testboard Borated Polyethylene
Box (LV, Pi3,Dongle)

Shielded room |

MiniDAQ1 At CIAE VLDB SALT V3.9 Lasar
L\'/:/‘i‘:]"PPCC TestBoard Alignment

At CSNS

For more details, see Shuaiyi’s talk
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rLachb

RSY
LV QA panel for slice test

ECSH & DSS™! development

- Developing control system for slice test

moauie Faner Sraie Hein
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[1] ECS: Experiment Control System
[2] DSS: Detector Safety System 10
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Panel Design

d HV patch panel in D3 region
d LV spliter in SBC region

HV power supply

in D3 region HV patch panel LV spliter in SBC region
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LHCD

UT installation preparation

d Infrastructure preparation:cabling, soldering, splicing and mechanical tests
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Status at CERN
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LHCD

d Most of the key infrastructures (LV, HV routing) have been processing well
d 25 staves arrived at CERN (out of 68)

d Finished the essential DAQ and control system for surface test

Plates Installed . .
"+ Survey thM'm"gt“ V“l')‘l‘:‘;“’ H;' Backplane prep +
e cleanroom . .
C ompl eted ca engt r mSta“atIOII
Stave Supports + Pictail Guides : :
DCB cage + PEPI HV guides + cable el oure B cozinstallation
enclosures + PPP ting (8 Pigtail Installation C + A side
installations AL + Testing
staves)
IB boards +
Telemetry +
LY cables Install 4 DCBs Install and Test DCB
installation + (2T-2B) first stave installation
LV pigtail
validation
(single stave) DCB test with
Dry air Fiber installation+ VTRx fibers
T .cleanir.lg =i DCB COOIilIg pipe In parallel
PPP inspecting + installation o
testing LV pigtail (all)
validation
@Dimitra
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Summary

> | LHCDb Phase-| upgrade
3 £=2x10¥em™%5~!, £, = 50fb™ !, 40MHz readout with software-only trigger

] UT: a new silicon strip detector is being constructed, as a key component of U1 tracking system

> Chinese members have made significant contributions in many fields

> The installation of UT is in critical period now

14



Thanks for your attention!
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