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Goals: CP-violationin b & c,
rare decays, new physics.
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Spatial resolutlon 4 um @ VELO

=4 .

,'ii o Ap/p=04% @ 5 GeV, 0.6% at 100 GeV.
i'_, ¢ |IP resolution ~20 ym for high-pT tracks.
i; TP ¢ Decay time resolution 45 fs (B.—>J/p ).
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Q Inruns 1&2 LHCb records 9.2 fb-! data,~1-2 fb-1/yr.

O LHCb operated at a reduced luminosity.

Integrated Recorded Luminosity (1/fb)

Lower efficiency for hadronic decays at higher

luminosity due to the hardware trigger.

Overall performance degrades with higher occupancy.

Limited radiation hardness of the trackers.

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

- 2018 (6.5 TeV): 2.19 /fb
- 2017 (6.5+2.51 TeV): 1.71 /fb + 0.10 /fb )
- 2016 (6.5 TeV): 1.67 /fh

- 2012 (4.0 TeV): 2.08 /fb /
- 2011 (3.5 TeV): 1.11 /b "

2015 (6.5 TeV): 0.33 /fh

2010 (3.5 TeV): 0.04 /fb l
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L~4X10%cm2s™1 L~2X10%8cm2s71 Z~1.5X10%cm2s™!
Data ~ 9 fb! Data ~ 50 fb-! Data ~ 300 fb!
~1 interaction/Xing ~5 interactions/Xing ~42 interactions/Xing
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LHCb Run 2 Trigger Diagram

40 MHz bunch crossing rate

e &y
LO Hardware Trigger: 1 MHz ,hafeq Sof s |gh X Trlgger
readout, high E;/ P; signatures

450 kHz 400 kHz 150 kHz
h* B/ pp ely

LHCb Upgrade Trigger Diagram

40 MHz bunch crossing rate
(30 MHz inelastic event building)
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Full event reconstruction, inclusive and
exclusive kinematic/geometric selections

S

All detectors read Buffer events to disk, perform online
out @ 40 MHz detector calibration and alignment

é h
Buffer events to disk, perform online Add offline precision particle identification
detector calibration and alignment and track quality information to selections
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: Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons
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Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

Full offline-like event selection, mixture
of inclusive and exclusive triggers 9
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12.5 kHz (0.6 GB / s) to storage 2-5 GB / s to storage
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New optics, new
photon detectors

trigger-less
readout system
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New silicon

Remove
SPD/PS & M1

pixel detector

New silicon
strip detector
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New scintillating
fiber detector

Reduce PMT gain
+ New electronics

| VELO track
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New

electronics

Upstream track
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Tm 2;3"2 Modules, ~ 1 m AZ=3 «  Similar overall geometry as the old
‘,_.i e - ’ il one, total 26x2 modules, 2.5 cm gaps

interaction point in Z. Two halves are retractable.
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Strip detector = pixel detector.

VeloPix readout ASIC, 256 x 256 pixel
matrix, binary readout at 40 MHz.
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«  Significantly increased number of
channels: ~0.2 M = ~40 M

More radiation hard sensor:

~ 14 15 -2
Pitch = 40-100 um Prya ~ 7107 = 8x107 ngqcm
Thickness = 300 um
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n*-in-n sensor

r=42 mm
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n-in-p sensor
Size ~43x15 mm?

Pixel size 55x55 um?
Thickness = 200 um

d/2=5.1mm
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: On both sides for overlap
A sensor is bL!mp-bonded _F:m o < GBTx
to 3 VeloPix ASICs o :
\{ 600 Circuitry

200 | |

Micro-channel substrate —_ «o I

O O Dlgdgels &0 O 0 O O 0 O
VeloPix | TO00

Sensor S Circuitry

Prototype modules

GBTX

Up to 900 Mhits/s/ASIC
(data driven readout)
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3 VeloPix ASICs / sensor

4 sensors / module
1 cooling substrate / module

11.37 cm

MO|{ ——

Soldered connector
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19 micro-channels

VELO uses evaporative CO, cooling. So that
the silicon sensor operates <-20°C.

120x200 um? micro channels are etched in
500 um silicon substrate, 60x60 um? at the
entrance for stability.

It is a real challenge. But enough good quality
substrates have been produced.
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o RF shields separate the beam vacuum and E R
. = 80F ——250um density LHCb simulation

the detector volume (~10 mbar difference). ~ 70 , E

T —— 150um density B S—)D T E

o The thickness significantly affects the B :2 o
performance. b 0% improvement .ot

. . —o—._._.—._‘_.—._._‘—.——._‘ 3]

o The RF shields were milled from AIMg3 B e a GRS E
alloy blocks, to reach ~250 um at tips of 4l e s

the VELO module.

o Chemical etching down to 150 um.
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The tracking stations consist of 4 planes TT before the
magnet, and 3x4 planes of IT & OT after the magnet.

Four planes (x,u,v,x) at (0°,+5°,-5°,0°), provide stereo
measurements, with horizontal precision.
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TT & IT are silicon strip detectors, read out by Beetle
ASICs outside active area.

OT is made of Kapton/Al straw drift tubes d=5 mm,
with Ar+CO,+0, gas, providing ~200 um resolution.
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< BEEE) — < Trigger Tracker (TT) =
| ; . Inner Tracker (IT) g
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o

~o,, ;
¥ - / |_774.om
e 138.6 cm L 595 cm J

x

01/20/2020 11




1317 mm

_

1505 mm

Higher

Hole for segmentation
: i
Beam pipe 9 Stave

0 Read out at 40 MHz by custom design
SALT ASICs in the sensor proximity.

O Digital events are packed in ASIC, sent out
at the end of detector via optical fibers.
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O Similar geometric configuration as TT.
O Improved coverage and segmentation.

O Sensor is more radiation resilience,
—_~ 14 -2
Dpax ~0%10* N LM,

PC

4.48 Gbps

320 Mbps Optical signal
SLVS signal
Flex Cable Hybrid Flex
Si Sensor
SALT ASICs



Silicon sensor
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Module with = § PBN

final sensor i i
el Sallicic UT Module

O Detector performance were verified
in a slice system.

O UT stave production started.

O Installation will start in March 2020..
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O Tracking stations are replaced by 3-station
(12-plane) scintillation fiber detector.
O Read out with arrays 4096 SiPMs (-40°C)
+ custom made PACIFIC ASICs. In total ~
0.59 M readout channels. g
O Spatial resolution better than 100 um in X. E
O Single hit efficiency ~99%. §
=
1 SiPM Channel ’
6 layers staggered
Sl @250 pm fiber mats
B sy ::tt::::::::::;;m:;t'::
& | ye's 3 stations x 4 planes (X,U,V,X).
vird
1 10 (or 12) modules / plane
! - 8 (4 x 2) mats / module.
A Fibre
|
X SciFi Modules are being
" ] : mounted on the support frames.
s \p\n " Particle “— Degasited snergy
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T ~1.5X10%cm2s1 New ECAL R e

Data ~ 300 fb!

Technology ? HCA More MUON filter +
replace MWPC

New Vertex
Detector

(4D?)

Side View CAL

SciFi ~ RICH2

Improve granularity

Better radiation hardness

Better coverage for low
momentum tracking

Use timing to distinguish
vertices (high—pileup)

Keep triggerless

-// ' \\\ \\\j\/
readout C I NEE N LHCb Upgrade II
Add @.center Add approved by LHCC/RRB
: TDRs in 202
Mighty Tracker TORCH ? to move to S I 2020
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Disclaim: Non-official, possible solutions.
« The VELO detector may be upgraded to a 4D pixel tracker. The design
could be improvement based on the phase | detector design:
m Pixel size 55%55 um? = 27.5%27.5 um?, sensor thickness 200 um = 100 um.
= Time resolution 25 ns (BX) = 20-50 ps.
= Silicon micro-channel cooling = 3D printed Titanium substrates.
= 150 um RF shield = further thinned or no RF foil.

The Main Tracker

+ The main tracker (SciFi in phase I) could ‘ —
be split into 3 regions:

= Outer part (OT) keeps the SciFi design.
= Middle part (MT) uses UT-like strip detector.
= Inner part (IT) uses HV-CMOS detector.

v 4Bm

« The UT also upgrades’the central part:

= Outer part keeps the same design.
= Inner part uses HV-CMOQOS detector. ’
Will benefit from joint effort, e.g. with ATLAS, CEPC, ... or MT IT
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The LHCDb is upgrading its detectors during LS2, to operate at
an increased luminosity (x5), and with trigger-less readout.

The vertex detector + tracking detectors are completely new in
this phase | upgrade. Other detectors all have new electronics.

Expect to start operation in the 2" half of 2021.

The phase Il upgrade had been approved by LHCC to proceed
to a Framework TDR.
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LHCb simulation
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