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Upg Upgrade to i
Upstreant Tracker et Single arm forward spectrometer

* Coverage: 2<n<5

Side View ECAL HCAL M5
Upgrade SIDESws « Designed for CP violation studies
Magnet RICH2 My = :
e = in b and ¢ hadrons decays and
T B their rare decays
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LHCb Upgrade | - Run 3
Runl - 3fb?collected
Run2 - 6 fb* collected e 5X luminosity —» L= 2*10%cm?s™
. _ « 5fbl/year
Precision of many physics * 40 MHz readout and full software trigger
measurements at LHCb statistically * New tracker (VELO, UT, SciFi)
limited at the end of Run 2 * New optics and PMTs of RICH 1, RICH 2
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% Upstream Tracker upgrade INEN

<4 9 fh-1 p Upgradel Goal: 50 fb-! >

Run 1 LS1 Run 2 LS2 Run 3 LS3 | Run 4
2010 2011 2012|2013 2014(2015 2016 2017 201812019 2020 2021]2022 2023 2024|2025 2026 202?| 2028 2029 2030

UT in the LHCDb tracking: 14°EI(i AR AR
- afbd e Smutation

A Good tracks

* Intermediate measurements between VELO and downstream mfk ....... T
tracking — ghost tracks reduction | 7 ShestimekemolT |t A

Ghost tracks with UT

* Fast estimate of the particle momentum
- o(P;)/P+~15% VELO+UT momentum resolution

— sufficient to measure the sign of tracks and suppress low-

momentum tracks aof
— 3x reduction of the time required by the forward tracking algorithm

Number of Tracks
[e=]

i

100 200 300 400 500 600 700 800
Number of VELO Tracks

* Increase reconstruction efficiency of long lived patrticles: ”0- ;

e.g. Kos— 1+11-, A - pTI-.

Run 3 UT upgrade
5x luminosity Finer granularity and improved coverage
Increase of detector occupancy 40 MHz readout
Increase of radiation level Improved radiation hardness
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UT overview
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1719 mm

1338 mm

1528 mm

Single-sided silicon strip sensors on both sides of the stave
« Sensors/staves overlapping to reduce gaps in acceptance
* Finer segmentation in high-occupancy region

* |nner-most sensors with circular cut-outs to maximize the
acceptance near the beam line

Four detection layers constructed
using vertical “staves”.

Measure of XUVX coordinates: 0° and
+5° strips providing stereo information
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Silicon sensors
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250
Four designs to cope with occupancy and radiation. 200
Sensors produced by Hamamatsu —
T 150
. . -
Top-side HV biasing o Type A sensor,
] ] _ _ _ b unirradiated
Inner region: n-in-p type with 93.5 um pitch and circular
cutout near the beam pipe 0 ¢
0 200 400 600 200
- . . . Bias [V]
Outer region: p-in-n type with 187.5 um pitch and - -
embedded pitch adapter 0-10
0.08 »
""‘&n.ns e
v 0.04 .
E" . Type A sensor,
.02 = unirradiated
0.00 »*
0 100 200 300 400
Bias [V]
Sensor Type Thickness Length Pitch #
A p-in-n 320 um 99.5mm 187.5um 888
B n-in-p 250 um 99.5 mm 93.5um 48
C n-in-p 250 um 50.0 mm 93.5um 16
D n-in-p 250 um 50.0 mm 93.5um 16

February 16, 2021

16th (Virtual) "Trento" Workshop on Advanced Silicon Radiation Detectors



Sensor R&D @
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Sensor R&D:

« Different designs investigated and tested in
2014-2017 testbeams
 Embedded pitch adapter for Type A sensor:

FanUp : routing in Fanln : active strips

Fanin vs FanU . - . : :
- P Inactive region with routing on top
* Top side vs Back side biasing scheme Embedded pltch adapter
- Different technologies: p-in-n vs n-in-p T ___}o; e
nuoonuoLueuuoa',
Py 208.68 micron |
Fan-in, top-side bias Fan-up, top-side bias
% 30 . ng 30: T T T g
1 o5k ‘-7;;’*_/_ t,—;—+ —%— _E “1 zsi— 3 ',/le_r?{ » —
20k ’ /} 3 20_— */1/ S 2
15_}:}:}/ = unirmdiated _: 15:_ _.::}F/* = unirradiated ] g
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T
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Bias voltage (V) Bias voltage (V)
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SALT chip (NER
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“Silicon ASIC for LHCb Tracking”

Good shaping time:
e T peak <25 ns
 <56% after 2 T peak

128 chanmnels
r
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TSMC CMOS 130 nm technology

128 channels, wirebonded to sensors
* Input pitch 80um

30 MRad radiation tolerance
e 40 MHz readout
« Upto5 SLVS e-links @ 320 Mbps

* DSP functions :
— pedestal subtraction
-~ common mode noise subtraction
— Z€ero suppression
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% SALT SEU issues (NN
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tI 127:0]
:from 12C slave

» Issues due to: also other v, flon oher bis
. . . . . unconnected inputs) + TmrB and TrmrC
- increased combinatorial logic when moving
from RTL Compiler/Encounter to Genus/Innovus f '

— Some registers grouped for SEU corrections

e SALT v3.5 is vulnerable to radiation in its
TrimDAC and Pedestal registers

baseline cfg[100]

 New SALT v3.9 version with more synchronizers,
reduced logic, no register grouping

 SALT v3.9 tested at CIAE 100 MeV proton
synchrotron facility in late 2020

 SEUs in TrimDAC and Pedestal registers rates
reduced from V3.5 by factors of 165 and 21,
respectively

* SALT v3.9 will be used for the readout of the
innermost sensors with higher particle fluence

Laser VLDB SALT V3.9
Alignment Testboard
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Flex Hybrids and Modules INEN
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Flex hybrid:
* Hosts the front-end ASICs
* Routes power and data between sensor and periphery

* Two designs:
- VERA, hosts 4 ASICs and is used for type A sensors
— SUSI , hosts 8 ASICs and is used for type B,C,D sensors

e ASICs are glued to the hybrid with thermally and electrically
conductive glue, then wirebonded to both the hybrid and the
sensor

A Module is composed of:
* A ceramic stiffener for support and thermal conductivity
* Flex hybrid and sensor

Module hosting a 4-chip hybrid 8-chip hybrid and sensor mounted
and a type A sensor on a on a prototype test board
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Sensor and ASIC testbeam INEN
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Testbeam at Fermilab in March 2019

First test with nearly final modules, with Type A and B sensors:
* DELTA hybrid (4-chip prototype not for production)
 SALT v3.5ASICs

» Excess noise due to interference with external tracking system
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Testbeam results CINER
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Testbeam at Fermilab in March 2019: CI Iy = 0.713 +0.018
€' R i b, = 11.108 £ 0.027
: : C 500 o = 1354 +0,
« Type A non-irradiated sensor: S — cats Woiee : e
— 99.5% efficiency with SIN ~ 12 o}
e Type A sensor -
_ _ £ at Testbeam 000~
* Type B irradiated sensor: 2%
- 6.2* 102 n_/cm?: ~ 2 X max. exp. dose -l :
.. | 500/
- 94% efficiency and SIN ~ 11 - i
* Lower efficiency mostly due to readout ] fL N 00 T AR T mas

limitations: ) Noise [LSB] Charge(ADC) .
— will be recovered with LHCb readout

12

[y
N

https://www.osti.gov/biblio/1568842/

S/N~12 -—— 11 S/N ~11
o —a - e 10 /e—-———"
z 99.5% efficiency Sk e T
% 8 S s 94% efficiency
T 6 / & 6
g e —g— “6 .
@ %4
g -»-Signal (Landau MPV) =3 " -o-Efficiency
= U . di d 3 -»-Signal (Landau MPV)
nirradiated sensor : S
. - Irradiated sensor (2x nominal)
0 100 200 300 400 500 600 . 0 100 200 300 400 500 600
Bias voltage (V) Bias Voltage (V)

February 16, 2021 16th (Virtual) "Trento" Workshop on Advanced Silicon Radiation Detectors 11


https://www.osti.gov/biblio/1568842/

Dataflex @;N
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Dataflex:

* Low mass kapton flex cables for readout, power
and grounding

« Sensor modules are wirebonded to the flex cables
« 100 Q differential input impedance traces
 Up to 1000 V between adjacent lines

e Less than 500 mV roundtrip voltage drop

Medium
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% Staves (NN
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Stave:

1.6 m x 10 cm low-mass support

* Foam support with CO2 cooling tubes
sandwiched in carbon fiber

* Overlap between sensors, mounted on front and
back of the stave

* Wirebonded modules are anchored to the flex
cables using epoxy at 3 points, to allow for
replacement in case of damage

* Total of 68 staves for the UT detector

Stave
Flex cable
Hybrid + ASICs

Sensor
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Slice test
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Assembled stave tested at CERN in the UT Slice Test setup,

which

allows for:

* Connection to the CO2 cooling system
* Humidity control
 Light-tight environment

Results:
« Similar to the single-module tests
* example at 5°C, 400V bias: noise~0.88, MIP signal~13 - S/IN~15
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-3
=

-y

=1

=
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20

EDE
m.
E0-

50F

40F

) °F Noise: 1.44 £0.88 (+))1.14
= Total Molae =|. 450
[ -1
— CMS Noise o
a E asf
: * common-mode ;
ol 2.5;— . |
: 2 subtracted noise
a0 1-5.L'Ww
gn-_ 1W
[ 0.5 ey
..."]. ! ! ! PRI IUTETEN ISP AT UPRT TS BT |
0 2 4q [] a 10 12 14 q} 20 a0 (] a0 100 120
Moise [LSB] Channel ID

* The slice test is also
useful to develop the
readout software.

ADC Value

ral | 1 1 fl 1 1 1
—30 -200 -10 0 0 20 30
Mean Common Mode

- * Production staves will
; be fully tested once
R -aaChaan--:z'I; installed in the UT.
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Peripheral electronics (PEPI) INEN
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 DCBs send data to the DAQ
« 7 GBTx ASICs per board

« 3VTITx+1VTRX
(6 TX, 2 Rx optic links @4.8Gbps)

» Aflexible pigtail connects the
each stave to the peripheral
electronics (PEPI)

* The backplane distributes
balanced loads to the data
concentrator boards (DCB)

e 248 DCBs:

- ultra-dense 28 layers layout at - 7.1 Thps output bandwidth

the limit of the manufacturability . organized into 8 PEPI crates
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* VERA (4-chip) hybrids production and assembly
almost complete and SUSI (8-chip) hybrids
production starting

* Dataflex and pigtail cables production being
finalized

* PEPI electronics (backplane,
DCB, LVR) produced, QA-ed,
and currently being re-tested at
CERN

* Modules and Staves assembly
IS ongoing

* First fully instrumented
staves shipped to CERN

haafsi
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% Summary (NEN

The Upstream Tracker plays a critical role in the tracking for the LHCb Upgrade
Major upgrades with respect to the current TT tracker

* Finer granularity in the inner region

* Improved radiation hardness

* Fast readout at 40 MHz

The UT is currently being built, and most components have been produced and delivered

Silicon sensor and ASICs have been tested in multiple testbeams
Hybrid production and ASIC mounting almost finished

PEPI electronics being tested at CERN

Modules and Staves assembly is ongoing

Mechanics, cabling, etc. being prepared at CERN

Aiming for installation underground by the end of 2021
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