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LHCb Upgrade II Introduction
2.1 Fake digitization
2.3 Physics performance studies

1.

2. Simulation progress of UT detector
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. U radg IT Installation
» FTDR was approved in March 2022 Pe

* Detector design and technology options
 R&D program and schedule
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» Scoping document
* Need to complement with more detailed
plans on the scoping options and with

analysis of physics performance /,’ssr—a

* Target is to produce the doc within 2024
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x7.5 increase in luminosity w.r.t. Run 3-4
L;, > 300 fb~! during Run 5 & 6

Potentially the only general purpose flavour §
facility in the world on this timescale
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> Upstream tI'aCkeI' (UT) for Upgrade II Tochnical Design Report oo 2005 2020 225 280 2038 _2%(;0
« Use Upstream Pixel (UP) to replace the CERN/LHCC 2021-012; Upgrade II timeline
LHCb TDR 23
name U2UT

* Many progresses have been made in
simulation and software



1. LHCb Upgrade II Introduction
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2. Simulation progress of UT detector

2.1 Fake digitization (Fast simulation) [z ¥
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2.2 Full simulation and reconstruction
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2.3 Physics performance studies



» The ongoing R&D studies indicate that monolithic active

pixel sensors (MAPS) can be considered as very strong
candidates for Upgrade II UT.

» Following two different approaches, namely large fill-

factor or high-voltage (HVCMOS) and low fill-factor or
low-voltage (LVCMOS) with small electrode.

Characteristics LV-CMOS HV-CMOS
Chip size 3.5 x 3.5 cm? 2.0 x 2.0 cm?
Pixel size 30 x 30 um? 50 x 150 um?
Chip thickness ~ 100 um
Position resolution 5-10 um 15, 40 um
Time resolution O(1)ns
Power consumption 100 — 300 mW/cm?
Radiation dose 3x10' neg/cm?, or 240 MRad TID
Data rate per chip Up to 30 Gb/s Up to 9 Gb/s

charge signal

p-substrate

CMOS with small electrode

charge signal

e

High Voltage CMOS

p-substrate




» A design based on HV-CMOS MAPS tech.

* (Can be adapted for CMOS with small electrode

Described in FTDR

» “Fake digitization” study based on MCTruth level

Geometry (@ Gauss/Gaussino level
A

IpGB
VTRx+
Sensors

Cable
Barestave

B

C

UMY HIH

Chip

Retide size

~202>21.4mm?

Plane

Ring

e-links / chip

2-7

Gbps / e-link

0.32

1.28

IpGBT / module

0.5

14/10

Num of modules

1312

32

1728

Num of data lpGBTs

656

384

1888

Num of ctrl IpGBTs

656

1312

e —
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6 types of module

36 modules, ~1355 mm —|

[ 12 staves, ~1672 mm >

AAABCDDCBAAA

36 modules — >

A

12 staves
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Detector Geometry

» DD4hep 1s widely used to replace DetDesc

» Detector modelled in DetDesc & DD4hep
* Coding started in DetDesc, porting into DD4hep

» Material budget studied
* Both in DetDesc & DD4hep frameworks

» Detector modelling implementation
* Gauss jobs in both frameworks all good

» Working on merging the geometry in DD4hep to
match the recent released $Detector project

< 3.5
°

5

4.5

One UT plane
Averaged over phi

R.L[%XO0]
R.L[%XO0]
R.L[%X0]

R.L. in DD4hep

2
(UTaX) phi[rad] cta

50
(UTaX) X[cm]
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LHCb Upgrade II Introduction
2.1 Fake digitization
2.3 Physics performance studies

1.

2. Simulation progress of UT detector



Current UT software as a template but pixel sensors replacing old strip ones

» In DetDesc framework, Detector interaction (Gauss) and digitization (Boole) have
been implemented.

L Now working at track reconstruction in Moore = to be finished by this winter

DetDesc
t ( HLT1 Track 1
UTDet —> VeloUTTrs
iMCHits+ChanID | 1 —.
SciFiTrs
DD4hep
[ Gauss ] | Boole I m HLT2 Track
MCHit J— , HIt1_Fitted Tr ||
*| UTDecoder * UT Hits >
ChanlD+DAQID o g
ChanID«DAQID ry HIt2_Forward_Tr
SIMCONDB UTEncoder (" LongLived_Tr
» RawBank MatchNN Tr
LHCb conditions Database
| MClLinker |

(

Tr/Hits Efficiency

» ChanlD, DAQmap,
RawBank en/decoder
designed for UP

» Magnet Station (MS)

added in Tracking system
» Working on VeloUT track
reconstruction




New IDs for UP

» Each pixel has one unique ID (ChannellD)
» Software updated using new UTChannellD

» Labelling hits in detector :
* Linker btw MCTruth to UTHits/UTTracks/UTDegits... =

UT 10 [0 00 | 0000 [O| 000 (O 000000000
= £ s = &
S A E Stave ri‘s 20 083 Channel A-side (+x): Side 1|C-side (-x): Side 0
UP .
10 0 00 000 0 00000 0000 0000 0000 0000 0000 A 3 2_b1t ID for HV_ CMO S
A o 8 3 2 . oq oqe
5 % & swe £ F Pixel » LHCDb working on possibility to expand
2

14 bits for module,

| | LHCbID container for upgrade II
and 20 bits for pixels » LV-CMOS channellD to be designed then
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UP (@ Gauss (S1m)

In DetDesc framework, UP detector geometry implemented into LHCb software via
the interface so-called DetUP
» DetDesc gives G4Hits, transferred into MCHits with given new UTChannellD

Tests for Gauss jobs
» Low or High luminosity samples generated in Run 3/4 or Run 5/6 condition
* VP, SciF1 and Magnet using as current one

» Gauss works for UP in DetDesc and DD4hep

MC Hits in 18t layer @ Run-3/4 condition

nnnnn

MC Hits in 18t layer @ Run-5/6 condition
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UP (@ Boole (Digit)

Digitization of UP pixel chips Current UT sensor
» New algorithms for MCHits = deposit charges (UTDeposits)

= UT ADC signals (UTDigits)
U FE simulation parameters copied from current UT,

can be updated from DB once more reliable numbers ready )  cred s
» Written into RawBank via new encoder

=== Inactivated strip

U2UT chip

Boole monitoring
» Associating tables btw MCHits «<» UTDigits and MCParticles <
UTDigits
» Efficiency calculator works
U Response efficiency of MCParticle excited UTDigit (UT o eoighed e
electronic signal)

Injecting particle

AV Inactivated pixel
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Averaged pixel occupancy (%o0) on
most busy chips of the modules

0.003 0.004 0.003 0.004 0.005 0.005
0.003 0.004 0.004 0.004 0.007 0.004 Particles response eﬁcICIGHCy as a

0003 | 0004 | 0004 | 0005 | 0004 | 09% function of particle momentum per layer
0.003 0.003 0.004 0.008 0.006 0.006 DCBAA A

0.003 0.004 0.009 0.006 0.006 0.006 c;f 15""",'|'I"'""'""""""""""""""""'E
0.006 0.008 0.006 0.008 0.007 0.010 é E ] ' E
0.004 0.005 0.007 0.005 0.006 0.007 o 096 '*ﬁ;fff 3
0.004 0.005 0.006 0.008 0.009 0.009 0.94 i—f‘ T =
0.004 0.005 0.006 0.009 8 0.92f J =
0.005 0.005 0.009 0.009 -§ 09f- ' Layer l(aX) | 3
0.006 0.008 0.006 0.008 E 088 Layer ]_(a)() 3
0.005 0.006 0.007 0.011 ® 086 =
0.004 0.006 0.009 osab I—ayer l(aX) E
0.006 0.006 0.010 0'825_ Layer 1(aX) _é
T — T S
0.005 0.006 0.009

0.006 0.011 0.009 < 12 staves > .. PMeV]
0.009 0.008 0.016 Results @ Run5/6 condition

» Current (strip) UT has ~95%
» Hottest pixel occupancy estimated based on 1.2K miniBias MC events
» Consistent with estimation in FTDR
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2.2 Full simulation and reconstruction

2. Simulation progress of UT detector
2.1 Fake digitization

2.3 Physics performance studies
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Track efficiency for interested processes studied for coverage optimization

> B > D**r=,D** > D°n*, DO s K.n'n K, > wim
(a) (b) (c) (d)

Track efficiency vs X coverage

\\\
Magnet Statioh

by R T I LR ]
3 1 L 1 2
s i
S sl // I 1 © Single Track With 3 UT Hits, |X| < 836.2 mm
5% I : |
ol / 1 - Requirement (a) (b) (c) (d)
ool — Total 4 planes Total 4 planes | 96.2% | 97.1% | 96.2% | 96.0%
ot — Total 3 planes 2
VAR NN N - o | Total3planes | 91.3% | 92.6% | 91.3% | 91.4%
0~""200 400 600 800 1000 1200 1400 20 20 e 80 100

IX| Coverage [mm] p (MeV/c?)

» More decays and particles to be used
» Decrease module/stave/layer to be studied

» Based on upgrade I UT software, need to port into full simulation software

15




Conclusion

UP simulation development processing well

» “Fake digitization”: UP geometry ready
 Try to merge our detector to the master branch
1 LHCb DD4hep still under developing, more communication required for LHCb
simulation WG

» Full simulation: In both frameworks, UP can run in Gauss
1 Boole can also work in DetDesc framework
[ Pixel tracking algorithm developing now
(J More works ahead, but no interference with TDR studies

» Physics performance: Scoping studies will move on
] Detector optimization to be studied

1 Real Upgrade 2 software for these studies in next step
» Regular meeting: https://indico.cern.ch/event/1342298/
» The goal is TDR by 2025

Thank you !


https://indico.cern.ch/event/1342298/

BACKUP
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UP RawBank format built for software development
» NOT for real, must be updated in future
» RawBank encoder done (@ Boole level
» The non-clustering decoder done @ Rec level

J A smart iterator built to point to only interested positions in Bank

Example of a normal event

T

Event Header & Flags Lane 5 Lane 4 Lane 3 Lane 2 Lane 1 Lane 0

Normal pixel hit

16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b 16b

15|14|13|12|11|10| 9
8b|8b 8b|8b 8b | 8b 8b|8b 8b|8b 8b|8b 8b|8b 8b|8h 8h|8b 8b|8b 8b|8b 8b|8b 8b|8b 8b|8b 8b|8b 8b|8b
Local Pixel ID [16b]

Event 0 Header Hitl Hit0 Hit0 Hitl Hit0 Hitl Hit0 Hitl Hit0 Hitl Hit0

Hit2 Hit3 Hit2 Hit2 Normal ADC hit
Hit4 755|4|3|z|1|o
Al | AO A0 A2 | A1 | AO [ A3 | A2 | A1 | AD A2 | Al | AO Al | AO ADC value [5b)
A4

Event header format

53|62|61|60|59|58I57|56

55|54|53|52|51|50|49|48
R

47|46|45|44|43I42|41|40

39|38|37|36|35|34|33|32

Event ID from TFC [8b]

eserve zel

Hits # in Lane 5 [8b]

Hits # in Lane 4 [8b]

31|3D|29]28|27|26|25|24

ro
23|22|21|20|19]18|17[16

T o als]o]+]:

7|6|5|4]3|2[1|0

Hits # in Lane 3 [8b]

Hits # in Lane 2 [8b]

Hits # in Lane 1 [8b]

Hits # in Lane O [8b]

Gray boxes for zero




