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U General purpose single aforward spectrometer

U Focus orflavor physics

A Study®& wsectors on CP violation , rare decays, new

physics

L HCb Detector

Relative trigger yield

U Have beerluminosity levelingat4 10%°cm?st
A Low efficiency on some channels ftvadronic decay
at high luminosity due tbardware trigger
A Detector radiation hardness needs improve
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56 UT Role

- [inclusive b events, L=2x10%cm?s™ 140(a LHCb Simulation
Upstream track | | —e— Current TT : -
T 12 T3 25_7_‘_ Upgrade UT N 120.-_ A Good tracks
' . § [ E E ¥ Ghost tracks m-j uT #‘|
Searching — 9 N %WOI— Ghost tracks with UT II
g _j|»window o E = / T »[
i ~ 5] - qE 8or / #
VELO track Downstream track ‘T% g EDI: } + ]
T track ~ 10:— —: E [ f ]
- LHCD Simulation sof—Regiee srssx I
LHCb tracking system Better R resolution | 20} a
107 1(3 v/ 10 % “H00 200 300 400 00 600 700 00
] pT (GeVie) Number of VELO Tracks
U UT detector improvement
A 40 MHz readout
A High coveragesegmentation, resolution
LHCDb upgrade |
Y Physics impact 50"Qw
Y Increasaeconstruction efficiency 2 10%3cnrsst
Y Improve track reconstructioapeed upreconstruction time software-only trigger

Y Reduce ghost tracks

More LHCb upgrade details idhenweiYa n g 0s pr esentati on
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https://indico-tdli.sjtu.edu.cn/event/1616/contributions/8875/

e UT Detector

U Divided into Aside & Gside
U Consist of 4 layers of silicon strip detectors
A organize in68 staves
A S-shapedtitanium cooling pipe
A Dower and data distribute in Flex cables
U 4 types of modules with different silicon strip densities
U SALT (Silicon ASIC forLHCb Tracker) chip for frorend readout

B

1024 strips
Type B

173 mm

dataflex

1024 strips
| Type C

1024 strips

Type D

bare stave - carbon fiber facings

s CO; cooling pipe and carbon foam

99.5mm x 1640mm
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AllLV, HV cables & | 577 . >
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sense lines go through-~

the cable chain
connecting the PEPI
with the SBC
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% Peripheral Electromcs Processmg Interface (PEPI)

DCBeEm he data chaig.d ino

o

U To read out and control the detector
A 136flexible pigtail cable connects
the stave to PEPI
A 24 backplane boards
A Various interfaces are integrate
A 248Data Control Boards (DCBS)
A provide the communication
with DAQ
A monitoring and control of the
front end devices

Data chain diagram (PERI blue)

SALT ASICs

DAQ

' TELL40
Fibers SOL40

Backplane GBTx PRBS is all good for
DCBs that read bV_9C

Flex cable
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% PEPI Installation

1. Install pigtails, backplanes, LV cables & service cables inside box
A Length of pigtails are too long
2. Pigtail and Backplane connectivity validation

Flex Emulator |

) w
$o

Develop new tools to ben
pigtails
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PEPI Installation

The connections between DCBs & Low Voltage
Regulators (VR)

Sense lines (ethernet cables)
monitor voltage — no current

e

3.Pigtail/DCB L\+data validation
A Make sure the sense lines & power cables connect
correctly by checking voltages and currents
A Kinds of problemsneeda lot of time to train & debug

A Hard to debug because of the narrow space DCB/ >

All good Isense

Flex emul.
DCBsim 1.5V
DCBsim 2.5V

Sense connected to

different place than Isense
power cable

Flex emul.

Vrs
(master)

Vrs
(master)

DCBsim 1.5V

DCBsim 2.5V

Sense connected but
power cable
disconnected

Flex emul.

Vrs
(master)

DCBsim 1.5V

DCBsim 2.5V

18/11/2023

Sense disconnected
but power cable
connected

Flex emul.
DCBsim 1.5V
DCBsim 2.5V

Sense and power
cables disconnected

Flex emul.
DCBsim 1.5V
DCBsim 2.5V

Hybrid

Power cables carry current

<

Vrs
(master)

Vrs
(EEGYY)




% PEPI Installation

4. Install DCBs DCBswith optical fibers

A Very careful when powered up, turn the power
off if any higher voltages appeared
5. Connect optical fibers
A Thousands fibers with complicated map
A Mapping validation
A Surface check
A Rerouting the fibers
Example PASS/FAIL ~Requiredtools

-l

MAG CBS3 ()
GBTx 11 10 9 (80 7 s + Y o0

3 223 221 213 211 20011 209 193 191 18.11 189

2 224 222 214 212 2012 2010 194 192 18.12 18.10
Tx 6.11 6.9 6.7 6.5 6.3 6.1 5.11 5.9 5.3 5.1
Rx 6.12  6.10 6.8 6.6 6.4 6.2 512 5.10 5.4 5.2
1 227 225 217 215 207 205 19.7 195 187 18.5
6 228 226 218 216 208 206 19.8 196 18.8 18.6
4 2211 229 2111 | NC | 20.3 NC NC 19.9 NC 18.1
5 22.12 2210 21.12 F NC 204 NC NC 10.11* NC 18.2
== CB3 CB2 CB1 Backplane
=10 8 6 4 2 0|10 &8 6 4 2 0|10 8 6 4 2 0 DCB
= 1 15 3 13 2 10 1 7| Top
7 16 14 12 11 9 8 Bottom
Optical fibre Redesigned
and DSS plugs PEPI patch
Too little space to panel, much
bend & connect fibers easier to
i |
18/11/20 connect fibers! 9



e Stave Installation Preparation

U Transport staves to CERN by shipment box, fixed on the strongback
u 2 cablneﬁ; are used to store staves (15 staves/cabinet) with dry air The strongback The cabinet

The transport box
A 3 layers to give a better
protect;
A Use dataloggers to record the
temperature, humility and
position information

1. Move to thestave plate, and remove the strongback
2. Check the bonding wirey magnifyingglassd@ on 6t | ook directly
3. Removal of protective caps (for cooling pipes & connectors)

Place Carefu”y A bad bonding example

m'm:‘\‘\‘\\\\\
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e Stave Installation

: : B
1. Staveinstallation on the stave supports (moved by handled E

ent pigtails pi
strongback) ‘ I %

A Always need one person to see if anything touch sensd ps
2. Connect the HV pins to the stave and test connectivity
3. Connection of back side pigtails

Pinsare very delicate
and fragile

ARRRRRN

view in the back side of the stave
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e Stave Installation

4. Connect front side pigtails and fixed ddgms
A Some screws are too long to damage wmng channels Thinner clamps

Trace clearly severed

Damage even on
working traces

5. CO2 interconnection
A The falling gaskets

Gasket falling protector made by plastic paper

18/11/2023 12



e

6. Global checking

A Bent staves (caused by lor

pigtails or stave support)

A The circlecut staves are nof

easy to alignment

A Photogrammetry &aser

survey(to evaluate the

position of the stave)

9C 8C

7. Performance studiesegiestal, noise

measurements
— 5_
2 Noise: 0.85 = 0.76 (+) 0.38
- 455 UTbV_9CT_M1
g b Chip 0
2 35t Baseline measurement

o = I
[ N CUE )

IIIIJLlLlllJIIIJLIII
G20 30 e0 80 100 120

Channel ID
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ADC Value

Stave Installation

Thelaser survey

Bent stave with a

| dangerous distance

Pedestal calibration

v b L b g 1
60 80 100 120

Channel ID

10°

10

8. Pressure test &
commissioning for CO2
system

UTbV_9CT_M

After alignment

A Movegasbomb
carefully
. A Pay attention
!¢ to the CO2
concentrations

L'l‘_h 2:2
X e W.l'* . ! 1 .
e RN — indoor
1030 10145 11:00 ¢
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Test Results

aX_2A aX_4A aX_6A aX_8A
bX 2C bX_4C bX_6C bX_8C 72/72 ASICs good 56/56 ASICs good 54/56 ASICs good 55/56 ASICs good
72/72 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good X 1A X34 XA X A
bX_1C bX_3C bX 5C bX_7C bX 9C 88/88 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good
87/88 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good
. A-IP side all_2A aU_dA all_6A alU_8A
C-Magnet side bV_2C bV_4C bV_6C bV_8C 7272 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good
58/72 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good
— alU_1A alU_3A alU_SA alU_7A
bv_1C bV_3C bV_sC bV_7C bV_9C 88/88 ASICs good 55/56 ASICs good 56/56 ASICs good 56/56 ASICs good
88/88 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good 53/56 ASICs good
al_2C al_4C al_6C al_8C bV_2A bV_4A bV_6A bV_8A
72/72 ASICs good 56/56 ASICs pood 56/56 ASICs good 56/56 ASICs good 72/72 ASICs good 56/56 ASICs good 52/56 ASICs good 56/56 ASICs good
al_1C al_3C all_5C al_7C bV_1A bV_3A bV_5A bV_7A bV_9A
88/88 ASICs good 50/56 ASICs good 56/56 ASICs good 56/56 ASICs good 87/88 ASICs good 56/56 ASICs good 52/56 ASICs good 52/56 ASICs good 56/56 ASICs good
C-IP side aX_2C aX_4C aX_6C aX_8C A-Magnet side bX_2A bX_4A bX_6A bX_8A
71/72 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good 72/72 ASICs good 56/56 ASICs good 36/56 ASICs good 56/56 ASICs good
aX_1C aX_3C aX_5C aX_7C bX 1A bX 3A bX_5A bX_7A bX_9A
88/88 ASICs good 56/56 ASICs good 56/56 ASICs good 56/56 ASICs good 88/88 ASICs good 56/56 ASICs good 55/56 ASICs good 56/56 ASICs good 54/56 ASICs good
0.16% of all the channenalysedare tagged asad channels
(0.07% pedestal shift, 0.09% high noise)
14
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(§(EY Underground Service &

The top side cables are Installln
Bottom side cables are installing ;;;_,‘ —— gAf'”'Shed Sl chain

U Cable chain ‘_
A Connect the PEPI patch panels Wll "
SBCs -

A 1668LV power cables
A 424LV powerRJ45 sense lines
A 60 HV cables & other services

!g:,)

Mo B
S @: . g

U Service Bay Crates (SBCs)
A 8 Telemetry ControBoards
A 268 LV Regulators boards
A Service SALT ASICS
A Voltage maintainedy RJ45 sense.,

lines 2
A 524 samteccables (to connect LVR an ESH#S FPEAPOler FBE A

LV cables) . CnHousekeep
A 248 sense linspliters i1 ,

Z : Agedcables A 1668 LV cable pairs
Aflnlshed SBC on SBC side P

18/11/2023 15



e Underground Challenges

U UT transport to underground : i1 UT closure

A Need veryvery gently : A Close to the beampipe

A One pigtail fell off : A Heavy cablehairs
To access the position by cutting cage Very close to beampipe

Need 4 people to push

W, | ¥

central stop safety stop
(permanent) outer stop (permanent)

_I_ TOPRAILI
@ Place stops to
prevent a
U Thousands of cables need to be prepared crash
A The sequence is very important because of the limited sp T _—

A Manpoweris tight

[bi-directional control)

18/11/2023 6 é 16



Kk TimeLine

Empty Box Full of PEPI
— — Z = ' " "4

First stave Last stave

LE[T 0}

. Turn to
_ Finished staves
Received production _ underground
First stave First stave Turnto A Second stave 'St stave First sense UT closed
Box at CERN installed side PEPI installed for A-side line pulled
21/7/13 22/2 22/5 22/6 22/10 22/12/24
21/9 22/12/12 23/3/15

Amazing 20 months thanks to great team, an exciting project
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56 Summary

Obtalned entire Run 280977 (200+ GB)I

UTaX (Layerd) - Gra or SECTOR (4 ASICS) (Run = 280877)

U A significant updating fotHCDb
U Upstream Tracker is a key component of the upgrade )
A Chinese members have significant contributions o

A HV patch panel, L\spilter, PEPI patch pandgHV cable

designed and produced by HNU & IHEP - FTee e mm TR R RS
A IHEP/HNU/CCNU/UCAS/THU/SCNU all participated in e e oo
installation o

et ]

U UT installation finished this March
A Commissioning is ongoingunin globalsuccessfully on 28, O(
2023 Bt

....................................

HV board LV spilter PEPI patch panel
18/11/2023

faU (Layer1) - Gi ity per 4 ASICS) (Run =

UTbX (Layer3) - Granularity per SECTOR (4 ASICS) (Run = 280977)

....................................

wwwwwwwww

HV cable
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Thank You

UT installation successfully completed, wihot of memorable moments.

Best luck to our commissioning and operation team!
18/11/2023 19
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e LHCb Upgrade

< 9"Qw > Upgrade | < Goal: 50°Q® >
Run 1 LS 1 Run 2 LS 2 Run 3 LS 3 Run 4
2010 2011 2012 2013 2014 2015 2016 2017 20187 2019 2020 2021 2022 2P23 2024 2025 2026 2027 2028 2029 2030 2031 2032

D 4

Runl & 2
1.1 MHz =l 12.5 kHz (0.6 GBI&)

40 MHz

PP REIGIVEICY Detector QEUWEWEY Fvents on disk
collisions readout Side View gcaL HCAL va Ms
M3
Upgrade 1

40 MHz HLT 100 kHz (2-5 GB/s)
h’ -
PP IDECUUEN Software Events on disk
collisions

readout

A No hardware triggesoftware-only trigger to 40 MHz
readout

A Higher luminosity (5 X150 102 103cm2s?

Locagbr
New tracking system

A VErtex O cator(VELO): Si pixels 4D
A UpstreamTracker(UT) : Si strips STy
A Scintillating Fiber Trackei(SciFi): Scintillating fibers SiPMs|

A Particle ID: New optics + photon detectors & Calos: Redlice
PMT gain + new electronics

lo/ll/iZUZs 21
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e UT Detector- Module

U Divided into Aside & Gside
U Consist of 4 layers of silicon strip detectors
A organize in 68 staves
U Single stave can host up 1® modulesin both sides
A 4 types of sensors A{p-n), B, C, D {(m-p)
A Hybrid flex: VERA (4 ASICype sensor), SUSI (8 ASI(
B-, G, Dtype sensors)
A Ceramic stiffener and thermal interface

Sensor Type Pitch Strips # sensors
A p-in-n  187.5 pm  99.5 mm 512 888
B n-in-p 935 pm  99.5mm 1024 48
C n-in-p 93.5 pm 50 mm 1024 16
D n-in-p  93.5 pm 50 mm 1024 16

18/11/2023 22




e UT Detectori ASIC chip

U Divided into Aside & Gside
U Consist of 4 layers of silicon strip detectors
A organize in 68 staves
] _Singl Y nh modules in both Si
U Frontend ASIC (SALT) glued and bonded to hybrid flex
A Silicon ASIC forLHCb Tracking(SALT)
A 4192 ASICswith 128 channelseach
A 130 nmCMOS technology
A 6-bit ADC/channel
A peaking timeD25 ns, Signal to Noise ratio > 10

A Digital Signal Processing (DSP): pedestal and common
mode noise subtraction, zesappression, data formatting,
spillover correction

18/11/2023

ASIC picture
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