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The Run1 & Run2 (previous) LHCb detector BE

] Complementary coverage to GPDs J Muon ID efficiency ~97% for 1-3% mT— U misid
 Softer triggers than GPDs J Mass resolution (0.5% in uu for the Y region)
] Unique acceptance (2<n<5) [ Jet reconstruction:

] Vertex resolution (0.~45 fs for BY) * energy resolution ~10% (jets with p;>10 GeV)

* b(c) tagging efficiency ~65%(25%)

[JINST3 (2008) SO08005] [Int J Mod Phys A30(2015)1530022]

sl

-2 0 2 4

ATLAS

i v’. \. \"\»
- - - : - \" _ : ——T - l
™ 1 : Y ! . T . T — — . O ——
ININISSINISNITEINEInEnn \ a‘ 3 ‘ . !
| W WS , : - :
.":'! ;4'. "" A ‘!'\\'M't S5
= ™" \ .L ' Wi ': -
e T -2 : :
U " X° 3 —— )19 § ! !
o ’ ,.-:,",:_' N -‘. : Y ]
B! = a=em Y 1
. -y T ) ' ) | {
i ; L . ‘ ' “ ol
= - . e i _pp—— — Pl 3
- ' ' S — ‘
! N Y { y '| ) ‘ ‘
[ —y : SanEe s U i 1 - J
‘..‘. L s .l.“ -_;;x "v'., : { :
i : ! L , B 7 ,.. gl | .
. 1 n 'h- d o l’- " "? !
) '|' { ! ¥ DY r" ‘ ~1~, N \
T‘ I / " : .', N " < . !
‘ - ————— e UM o L’A J !
NIRENRIRERRIRBINRINIRRIN l l ll ‘l Hlll “M‘/’, ) ! : :
' .JV" it |
_ A R .
»/‘ n‘ »f WA I

2

, hadron PID

tracking, ECAL, HCAL,



http://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
http://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

LHCb Upgrade Run3 BE

J New subdetectors: LHCb 2015 Trigger Diagram LHCb Upgrade Trigger Diagram

: Yertex Locstor (VELO
* JScintillating Fibre Tracker (SciFi) g g Ny

* Upstream Tracker (UT)
J Hardware level LO:

* Removed for Upgrade Run 3

30 MHz inelastic event rate
(full rate event building)

LO Hardware Trigger : 1 MHz
readout, high Ev/Pr sighatures

450 kHz 400 kHz 150 kHz
J GPU-based HLT1 (Allen): h H/up e/y
* Starting Upgrade Run 3 _ _
[Comp Soft Big Sci (2020) 4 7] Software High Level Trigger . Buffer events to disk, perform online

detector calibration and alignment

Partial event reconstruction, select

displaced tracks/vertices and dimuons
current LHCb —— Upgrade | ——» Upgrade Il—»
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Add offline precision particle identification
and track quality information to selections

Buffer events to disk, perform online
detector calibration and alignment

—_ ek -k
[ TR =N =
Lovaliaald
N
4
o

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

Max Luminosity [10%/cm¥s]
X
o
S

Integrated Luminosity [fb™]

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

S :2.5 <= (0.6 GB/s) to storage
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https://doi.org/10.1007/s41781-020-00039-7

Tracking Upgrade

Upstream track
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J Improved reconstruction time which

allows for software-only trigger

J Improved p; resolution
J Improved IP resolution

Efficiency
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- New pixel VELO
] UT instead of TT
J SciFi instead of IT+OT
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LHCb Simulation

10

Efficiency

.
o

LHCbﬂHMMﬁml:

PR I R TR TR T A TN T T TN NN TR '
-100 0 100

¢ [degree]

LHCDb simulation :

“Boo 00

0

P I T T T
100 200
Origin z [mm]




Overview of LHCb VELO (Vertex Locator) in Run3 Bg

L s [LHCb-TDR-013]
J Upgraded VELO with pixels | L HCb simulation
* Improved IP resolution (two times better at p;~0.5 GeV) ggfnl;n RF box
* Reduced material interaction (three times better) other hybrids
* Reduced fake rate and improved pattern recognition o

SCNSOTI'S

RF fo

L.HCDb simulation

cooling
substrate

total material: 21.3%X,

cross section at y=0 390 mrad 70 mrad
A
’ 15 mrad mm

[y
AN 1 &0 O O
o O O O O

50F

P, resolution [um]

VELO fully closed VELO fully open
(stable beams)



https://cds.cern.ch/record/1624070
https://cds.cern.ch/record/1624070?ln=en

Overview of LHCb VELO (Vertex Locator) in Run3 (ii) Bg
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New RF foil I

. RF foil is used to separate beam vacuum and VELO vacuum LHCb simulation
[ Contributes a lot of material o E
 Milled and then etched to 150 um (300 um planned initially) other

J Etched using NaOH
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RF box

hybrids
ASICs

SCNSOTI'S

RF foil
cooling

substrate

total material: 21.3%X,
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Sensors and ASICs

] Silicon sensor 200 pm thick
 P-type, 8X10'°> 1 MeV n__/cm? lifetime fluence
L 768%256 pixels, each 55X55 um?

1 Each sensor has three ASICs

J Each bump-bonded to 256 X256 pixels

[ Readout of every hit: up to 50 khits/s/pixel
J Power consumption < 2 W




Readout electronics

. ASICs wirebonded to FE hybrids
J GBTx hybrids deserialize control signals

[ Opto & Power Board outside vacuum and high
radiation zone

T Opto & Poer ar / - -
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-,» k .“-“ 'qiﬂ'/
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‘ ngh Speed Data Tapes 'T
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TERERNRE

B : —‘7 'L_ 9
| Vacuum
Feedthrough

-~ Proton Beam

| Module

Microchannel

Sensor + ASIC tile substrate

FE hybrid

GBTx hybrid
Interconnect cable

\\=

Data cable

LV transition piece

LV cables £—p

Cooling pipe clamp




Microchannels I

. Four tiles per module (12 ASICs total) LHCb simulation

cooling

 Cooled by two-phase CO,, boiling in microchannels CO0ME  RE box

hybrids
ASICs

SCNSOTI'S

[ Microchannels are etched in silicon (500 um thickness) other
J Power consumption < 2 W

RF foil
cooling

substrate

X358 BS5.7»m
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Assembly

] Construction of the bare module
] Precise positioning of sensors

] Innermost sensors have 5mm overhang

4
Microchannel
substrate

Carbon fibre

mid-plate
Cooling pipe Carbon fibre
clamp legs

Module foot

Microchannel

Sensor + ASIC tile substrate

FE hybrid

GBTXx hybrid
Interconnect cable

\\=

Data cable

LV transition piece

LV cables £—p

Cooling pipe clamp

LV foot connector
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Assembly (ii)

 Attaching the tiles
] Attaching the hybrids

 Wirebonding
] Attaching power cables

Microchannel

Sensor + ASIC tile substrate

FE hybrid

GBTXx hybrid
Interconnect cable

Data cable

LV transition piece

LV cables £—p

Cooling pipe clamp
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Interlude: attaching the ASICs

] Choosing the glue. And the hardener
] Choosing the pattern
 Repeatability

] Avoiding common problems

] Missing some things!

J Stycast 2850FT. 2 components: epoxy and hardener
J Multiple hardener options
J Pattern optimization: coverage, avoiding air bubbles

13



Interlude: attaching the ASICs. Repeatability and avoiding issues

J Reheating to decrystallize

] Decanting to limit the number of reheats

[ Centrifuging for deaeration

J Controlling the temperature to account
for hardening

Glue flow vs time

—— 19.03.19 with a*e4/770.13, 34.139]
0.14 -
19.03.18 with a *e*/770.099, 36.811]
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Interlude: attaching the sensors. Avoiding issues (almost) BE

When you think the sensors have gone berserk...

J During QA a detached tile, connected only by
wirebonds was found

J Hypothesis: water is a problem

[ Possible solutions: avoiding the water (drybox), or

INO neat treatment

P <

removing it with heat

[ Accounting for all the water: microchannels, epoxy,
hardener

J Heating chosen, controlled by thermal camera

. Thermal cycling, peel and shear tests

60 s treatment 105 -
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Following the long process of R&D work the sensors are attached. Gluebound.
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Installation and pre-commisioning

] RF box is installed
] Modules are being mounted
. DAQ and cooling are in progress
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Current status and testing

 Transport tests are under way
] 43 modules out of 52 are completed and qualified
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J “Quality” concatenation of 7 assembly
processes, 9 metrology steps, 7 electrical tests
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Upstream Tracker: overview

Side View ECAL HCAL

SciFi ~ RICH2 M2

Tracker |

upgrade

1719 mm
Y

1338 mm

. Situated between VELO and dipole magnet

1 Comprises four layers of silicon strips (to be
compatible with TT)

J Greater performance: coverage, radiation
hardness, 40 MHz readout, improved granularity

| J Less material

15628 mm
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Upstream Tracker: silicon sensors

Sensor | Type | Pitch, ym | Length, mm | Strips Sensor # - oo N
A | pinn | 1875 08 512 888 our Ies[gns "°d°|°“m'if or |
B n-in-p 03 5 08 1024 48 granularity and cost etrectiveness!
C n-in-p 93.5 49 1024 16
D n-in-p 93.5 49 1024 16 i ——

EEE T
W—-—_T Embedded pitch
A | 0 Jtu e o e e jio Log,egmig,o,f ¢ 1o adapters
=
S
Circular cutout
near the beamline

1528 mm
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Upstream Tracker: ASICs

] 4192 ASICs with 128 channels each

H 13.0 nm-TSMC with 30 MRad radiation tolerance ‘ S": tﬁwglm: ‘l.!

L Wire-bonded to sensors L ebivvumn Oyttt S S
J Input pitch 80um B L yf'wm’mmm .

L Allow for 40 MHz readout of UT
J Up to 5 SLVS e-links @ 320 Mbps
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Upstream Tracker: integration

J Modules (hybrids+sensors) and flex cables are
mounted onto a stave

J Low-mass support of 1.6 m x 10 cm

J Overlap between sensors on the front and back

Stave d Integrated titanium pipe for CO, cooling

Flex cable

Hybrid + ASICs

Sensor Stencil application of TIM, Heat TIM, place module, Another module

epoxy, silicone pedestal overnight curing on the stave!
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Upstream Tracker: integration Bg




Summary

J A huge upgrade is about to conclude: no more hardware
trigger, better performance and longer expected lifetime
J VELO and UT persevered through the challenges and are in

the final stages of production and installation

Thank youl
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