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* Forward general purpose spectrometer: 2 <1 < 5
* b-, c- physics as well as exotics searches
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* 5! Times increase in the operational L and 5! times more interactions seen
* Read-out from 1MHz to 40MHz
* No hardware-level trigger
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Detector Channels
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4 Module
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Production Assembly
Installation

2018 2019

RF-foil in place

remove old VELO

RF-foil
install

2020 2021

module production

module production
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f Manchester

2022

Nikhef




RF-foil
install

remove old VELO

Installation

VERTEX 2022

Run 2

2018 2019 2020 2021 2022
module production assembly
module production assembly

* time constraints because of COVID-19 :
* install C-side in late February-early March
* use technical stop in May to install side A
* team effort: Liverpool experts with support of experts from Nikhef, Manchester, Oxford and CERN
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\ 3

VELO Upgrade |

University of Liverpool

V Lukashenko



Production Assembly
InStaI I atl O n remove old VELO

Run 2

RF-foil
install

VERTEX 2022

2018 2019 2020 2021 2022

module production assembly

- module production assembly
7
<
S Tests
N 1. Perform electrical and noise tests per
O . .
7 module before installation
3 5 2. Install modules and test cooling loop
3. 3. Test half under vacuum
= o 4. Cooling tests with powered modules
I 3 5. Electrical and noise tests after
@®© . .
= Installation
g O 6. Metrology with and without cooling
() )]
E b
—
>
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Production Assembly
. L 2 k= =
g I n Stal I atl O n remove old VELO
(Q\
ﬁ Run 2
e
"'>J 2018 2019 2020 2021 2022
Velo A %—;
module production assembly commissioning
Velo C %—’
module production assembly commissioning

Before installation
1. Repeat warm electrical and noise tests
2. Metrology

ze' 4 After installation

A 1. Leaks check

= e | 2. Connection to the safety alarm matrix
Z~ "\ 3. Communication test

gl 4. Mapping check

VELO Upgrade |

VELO at Point 8
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4 Commissioning and calibration
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Threshold [DAC]
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1 | |
L > 0.20 .
>

0.15F — wro-0 VP2-0 -
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0.10F W10  — VP3-0 ] 5 ASIC ID
VP1-1 VP3-1
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L 1 L 1 1
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1. Get s-curves with extreme trims 0 and 15
2. Extrapolate respond between 0 and 15
3. Define one threshold for all pixels

4. Choose trim per pixel + mask to reach

the same threshold

Front-end (Analog) Front-end (Digital) i

ToT
Processor

4-bit Local
Threshold

amp ' Synch.
’ &
Test bit Clock
L Creat O fF gating

test
-
1-% l pulse L
Global Test pulse |

V1 V2 Threshold Vthr AT
Injected charge: Q, =C

V2 B V1)

test (

Thipcqr = trim X Thglobal

* global threshold Thglobal is defined per ASIC
* trim is defined per pixel



VERTEX 2022

Aim: equalise the per pixel discriminator behaviour
such that they all respond the same to a given quantity

Mod20VP20 masked :56.0

] £ o trim
LHCb work in progress =3 15 trim
. . 10* 5 =1 opt. trim
1. Get s-curves with extreme trims 0 and 15 : "
» 103
2. Extrapolate respond between 0 and 15 s
o 102
E
3. Define one threshold for all pixels
: : 107
4. Choose trim per pixel + mask to reach o0 o e w0 2o
— . Module 2 VP2-0 Mask masked 56.0 . Module .2 VP2-0 Trim [DASS]
i} the same threshold | . AN
© : i S L T Fieg L 13
D_ 200 1 . o 200 1,
D _ _ F11
O 2 2
— S 150 A S 150 A -9
LL =) =) i
X | | : ¥
c 50 - 50 4° : F3
c‘@ | LHCDb work in progress : LHCD work in progress " - A ' .:l
s 0 . — — . . 0 L il et e ] 0
- 0 50 100 150 200 250 0 50 100 150 200 250
| Pixel row ID (0-255) Pixel row ID (0-255)
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Time Alignment and BXID spread

Aim: all ASICs respond at the same time
signal J\_/\_/\_
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25ns 25ns 25ns
bxid —_— I

time aligned
o
© /\_/\_ i —/\_/L/\_
— signal signal
o
D)
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'-'>J bxid —_— EE— bxid —_— —

different bxid difference within the same bxid
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4 Time Alignment and BXID spread

VERTEX 2022

VELO Upgrade |
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BXID-BXIDbb

Aim: all ASICs respond at the same time

3@,&-&%4#%}&- w”y.‘.wuwwfu-mu#&num A A R
P ¢ :* T ¢ .
™ - L - * . 1 - L - -
2y s F . % ‘ W vF ¢ vl ¢ o oL
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,‘ . l 1: g w ;' l'- .":- . 7
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I . -: uy ! t # t i . 1
- L .e
-1 . - . - ':-: :. ..r L - - { ]
@® Overall delay: add latency to catch all
2 LHCb work in progress @ Timing and trigger control system delay/ASIC : different bxid
@® ASIC delay : adjust inside one bxid
0 100 200 300 200 500 500
ASIC ID
0 2 4 & 8 10 12 14 16 18 20 2 24 2 28 30 32 34 3% 3B 40 42 44 46 48 50
Module
BXID : VELO locally 1 BXID = 25 ns

BXIDbhb : beam-beam BXID from LHC



But then BXID spread came
ProjectionX of biny=4 [y=0.90..1.20]

VERTEX 2022

slice_ px_of htemp
10000 —-eeee .................... .................... ......... .................... ............ Entries 19588

Mean 1705
Std Dev 1.075

o0l LHCbworkin
. progress

MNumber ot Entries

éModuIe§22
Asic: VPO-1
BOO0 e .................... .................... ......... threshold]_?OO ....... ...................

4000 i H— S R — H— —

D000 | T — — S—

1 1 1 | 1 1 1 | | 1 | | 1
1%‘95 1698 1700 1702 1704 1706 1708 1710 1712 1714
bxid
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Also seen in analogue test pulse

1 BXID =25 ns

V Lukashenko



4 Time Alignment and BXID spread

VERTEX 2022

Aim: all ASICs respond at the same time

1. Threshold is global not per ASIC
2. Perform DAC scan
¢ 3. Get new threshold voltage

4. Retake equalisation

VELO Upgrade |
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Aim: all ASICs respond at the same time

1. Threshold is global not per ASIC

2. Perform DAC scan

sl 3. Get new threshold voltage
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4. Retake equalisation

1.00y T T T T T
IPREAMP
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0.90 1
0.85 .
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1 1 1 L B
0.750 50 100 150 200 250
1,0 F. ] T T T 77
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Module00

LHCb work in progress
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1. Threshold is global not per ASIC LHCD work n progress

2. Perform DAC scan
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VELO opens it’s eyes

* First glance at new data

Modules 41 and 40 at gap = 6 [mm]

— 60
£ B . 800000
E T LHCb work in x .
>~ | LHCDb work in progress
a0l _progress 7000001 VELO partially closed
E 600000 X o LHCb preliminary 2022
20— x x [ design position
E 500000 1 X ? [ | survey position
- y E. 00 - [ tracking alignment
ol 400000 x 3
i 300000 “ £
-20(- " =
- 200000 "%, 200
X
= X
40— 1000001 oy
i xxxxxXx ’ 04 02 00 02 B o4
- | [ | ] | 0 kxx Y0000 . . PV left—right.delta x [mm] . .
%0 a0 20 0 20 40 60 0 10 20 30 40
X [mm]
Number of tracks per primary vertex
cluster map number of tracks per primary vertex vertex position alignment

* Real-time data quality with online monitoring - Monet



AFirst closure October 2022

* At low intensity beam

not up to scale

hadronic vertices

VERTEX 2022

#1  LHCb preliminary
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LHCDb preliminary

gap 8 mm =,

—40
—40 =30 =20 -10 O 10 20 30 40

x/mm
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-302.5 mm < z < -260.0 mm

Beamspot position: © = —2.938 mm, y

-260.0 mm

3025 mm < z <

Beamspot position: =

4 Metrology with beam

0.464 mm

0.333 mm

3.228 mm, y

LHCb work in progress
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* Despite COVID-19 delay VELO has arrived

VERTEX 2022

* Aot of progress in commissioning, but still some mysteries to solve - this talk
did not cover a lot in configuration, firmware, monitoring, overall improvement
of stability, cooling, etc.

* First data has been seen!

* And of course this is all a result of hard work of many-many people
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Run 1 Run2 Upgradel Run3 Run 4 Upgrade 2
2010 2012 2015 2018 2022 2024 2028 2030 2031

VERTEX 2022

I Sensor 256x256p e

I VeloPix 900 MHits/s

200 pm

Main microchannels: 200 x 120 pm

VeloPix 900 MHits/s

VELO Upgrade |
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I n g Run 1 Run2 Upqgradel Run3 Run 4 Upgrade 2
2010 2012 2015 2018 2022 2024 2028 2030 2031
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subcooled liquid Gas

11.37 cm

VELO Upgrade |

ASIC on front
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ASIC Timepix3 VeloPix
Technology 130 nm CMOS 130 nm CMOS
Power consumption <1Wem™2 <1.5Wcm ™2
Charge collection e, ht e
Pixels 256x256 256x256
Pixel size 55 pm - 55 pm 55 pm - 55 pm
Timing resolution 1.5625 ns 25 ns
Readout Triggerless, ToT' | Triggerless, binary
Peak hit rate ASIC 80 Mhits/s 900 Mhits/s
Peak hit rate pixel 1.2 khits/s 50 khits/s
Total bit rate 5.12 Gbit s 20.48 Gbit s!
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