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CMS

Physics Motivation : Collecting a larger statistics

e Precision study of known SM processes

e top quark property measurements
e second generation Higgs couplings

e Study of reactions initiated by VBF processes
e Narrow boosted jets from 7
e Merged jets from hadronic decays of W, Z
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Challenges of HL-LHC
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CMS during HL-LHC CMS/

Technical proposal CERN-LHCC-2015-010 https://cds.cern.ch/record/2020886
Complete replacement" Scope Document CERN-LHCC-2015-019  https://cds.cem.ch/record/2055167/files/LHCC-G-165.pdf

S L1-Trigger/HLT/DAQ""

Barrel Calorimeters”
https://cds.cern.ch/record/2283192

. Major Electronics Upgrade/

https://cds cern.ch/record/2283187 Consolidation *
https://cds.cern.ch/record/2283193 * ECAL crystal granularity readout at 40 MHz

« Tracks in L1-Trigger at 40 MHz * Precision timing for e/y at 30 GeV, for vertex localization (H - yy)

* PFlow-like selection 750 kHz output * ECAL and HCAL new Back-End boards

* HLT output 7.5 kHz - .

Muon systems”
https://cds cern.ch/record/2283189

+ Extended GEM coverage ton=3
Calorimeter Endcap™* * DT & CSC new FE/BE readout
https://cds.cern.ch/record/2293646 ? D / * RPC back-end electronics
+ 3D showers imaging for pattem recogni‘on \ 7 * New GEM/RPC1.6<n<2.4
* Precision timing for PU mitigation
* Si, Scint+SiPM in Pb/W-SS

~—  MIP Timing Detector"**
https://cds.cern.ch/record/2296612
* Precision timing for PU mitigation
* Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes

Tracker™

https://cds cern.ch/record/2272264
* Py module design for tracking in L1-Trigger
* Extended coverage ton= 3.8 Beam Radiation Instr. and Luminosity
* Much reduced material budget Common Systems and Infrastructure
* Si-Strip and Pixels increased granularity

New Detector System™*
https://cds.cern.ch/record /2020886

New paradigms for a HEP experiment to meet the unprecedented challenges
and fully exploit the HL-LHC luminosity and physics potential




CMS High Granularity Calorimeter (HGCAL)

Particle flux : LHC aims to operate with an higher
particle flux than the designed value (higher statistics
but challenging detector design and operation).

Detector Plan : HGCAL, a sampling calorimeter, is
planned to be installed between 2026-28 replacing the
current ECal and HCal in the Endcaps region.

Physics prospects : Vector Boson Fusion, boosted
topologies, narrow and merged jets.

Challenges : High pileup (~200) and high radiation
dose (~2 MGy) [CMS-TDR-019].

Parameters :

- 15< |n] <3.0

— CEE : 26 layers (R

— CEH : 21 layers (R
tiles with SiPM.

~ 1.5 m) with hexagonal Si wafers.
< 2.5 m) with Si wafers and Scintillator

— 5 dimensional measurements in (x, y, z, t, E)

Source : CMS-TDR-019 and
https://hgcaldocs.web.cern.ch/

CMS
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https://hgcaldocs.web.cern.ch/

HGCAL Detector Layout >

Calorimeter endcaps:
. 5< <3.
. ::a%\ilae{iz,gﬁ;];a,!tn [<3.0 CE-E (Electro-magnetic CE-H ( Hadronic)
= high granularity Active: Silicon Active: Silicon + Scintillator /
+ precise hit/cluster timing Passive: Cu, CuW, Pb absorbers Silicon-photomultiplier
+ Enhanced capability for particle flow 13 double-sided layers (full silicon), y- =4 Passive: Steel absorbers
reconstruction 27.7 X,/ 1.6 A ; © 7 all-Si layers
* Operation at-30°C = 21 layers, 9.4 A (total)
Values for both endcaps:
Silicon
+  620m? of silicon
£ + 6Mchannels
o + 30k modules
@ +  0.5-1.1cm? per cell
& Scintillator + SiPM
e, + 400m? of scintillator
v N7 i * 240k tiles + SiPM
| N * 4000 boards
CEH i y.--'-; *  4-30cn¥ per tile
- ...'.eug;==';<:_=',=~,-
=30 _~20m
o Beam direction _
HGCAL design inspired by CALICE studies,
Philippe Bloch, On-detector integration, 2022 e.g. CAdloff et al 2013 JINST 8 P09001
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CMS

HGCAL Detector Layout : Silicon modules

Sensor cell contact  Bias voltage Guard ring contact

Sensor-PCB (‘Hexaboard’)

» Read-out (HGCROC) of sensor cells + bias supply

» Connects to motherboard for data transfer

Silicon sensor

Kapton sheet

* |solation to baseplate + bias supply to sensor back side
Baseplate

* Rigidity, contributes to absorber material

Hexaboard

Sensor

Kapton Stainless-steel clad

sheet Pb absorber
Stainless-steel clad

Culw

base plate

PCB motherboard
ASICs etc, ———— ——

PCB sensor board ———|
Silicon /
CuW baseplate /

Cu cooling plate
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HGCAL Detector Layout : Scintillator + SiPM 2

Scintillator tiles with SiPM readout used in low radiation regions (n>2.4) Projected signal-to-noise ratio after 3000fb*

o

* Require good MIP Signal/Noise after 3000fb-*
« Tile size depends on radial-position (4cm? to 32cm?)
* Signal strength depends on tile and SiPM geometry — smaller tiles at lower radii

Wi SN at 3000 5

CMSSW Iy

h
[CMS HGCAL TDR]

9/38



How will CMS look in 2029 ?

cmsShow

o Event fillering is OFF

3D RecHit @ Geometry Table I

CdTop| CdUp| Select Views | FilterType:[Fat
v cms:OCMS_1 [39] on mais
cmsextent:CMSI0ZDC_1 [0] on
cmsextentCMSoZDC_2 [0] on
cmsextentZDCtoFP420_1 [0] On
cmsextentZDCtoFP420_2 [0] On

) tracker Tracker_1 [9] on

v caloBase:CALO_1 [4] on

v caloBase CALOEC_1 [2] on
»caloBase:CALGECTSFront_1 ] on

v caloBase:CALGECTSRear 1 [1] on
 caloBase CALOECRear_1 [1] on

» hgcal HGCalService _1 [1] On

» caloBase:CALOEC 2 [2] on

» eregalgo:ECAL_1 3] on

» hcalalgo:HCal_1 [3] on

» MuonBase MUON_1 [4] on

» beampipe:BEAN_1 [7] on

| &y beampipe BEAM 2 [7] on
» beampipe:BEAN 1 on
» beampipe:BEANT_2 On
» beampipe:BEAM2_1 On
» beampipe:BEAM2_2 on
» beampipe:BEAM3_1 on
» beampipe:BEAM3_2 on
» beampipe BEANE_1{ on
¥ beampipe BEA 1 on
¥ cavern Wall_1 [1]




Visualization of HGCAL

] cmsShow
File Edit View Window Help

JORL 0L

. — [ Eventfillering 1s OFF

3D RecHit .u Geometry Table

CdTop| CdUp| Select Views |FilterType:
Name
cmsextentZDCloFP420_2 [0]
y racker-Tracker 1 [8]
v caloBase:CALO 1 [4]
v caloBase CALOEC 1 2]
y CaloBase:CALOECTSFront_1 [1]
v caloBase:CALOECTSRear 1 [1]
v caloBase GALOEGRear_1 [1]
~ hgealHGCalService_1 [1]
v hgealHGCal 1 [B]

hgcalHGGaIHESUp3_1 (0]
hocalHGCalBackPlate_1 [0]
» caloBase CALOEC 2 [2]
¥ eregalgoECAL_1 [3]
» hcalalgo:HCal 1 3]
» muonBass MUON_1 (4]
» beampipe BEAN_1 [7]
» beampipe BEAN_Z [7]
y beampipe BEAM_1 [1]
» beampipe: BEAMT_2[1]
» beampipe:BEAMZ_1 [1]
» beampipe:BEAMZ 2 [1]

e




The first layer of HGCAL CEE o

cmsShow

M fam fEmgr
3D RecHit @ ‘Geometry Table @[m

CdTop| Cdup| 59|emv|ems|H|telType: MaerialName ~] FilterExp]
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The first layer of HGCAL CEH Front s

cmsShow

L]
3D RecHit BRI Geometry Table T

CdTop| Cdup| Sslect\newslﬁnelType: MaerialName ~] FilterExp]

4
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The first layer of HGCAL CEH Back ™

cmsShow

e I N -

QL Geometry Table o)

CdTop| Cdup| Sslect\newslﬁnelType: MaerialName ~] FilterExp]

4
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The last layer of HGCAL >

cmsShow

Event fillering is OFF

3D RecHit @ [ Geomeiry Table @

CdTop| Cdup| Sslect\newslﬁnelType: MaerialName ~] FilterExp]

jon  |materials:Aluminium
o [rter
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Visualization of Si full wafer s

cmsShow
File Edit v Windou

A oy o I " I - I
- 308
. Event fiering 1s OFF

3D RecHit B Geomeiry Table T mEi[e

CaTop| [CdUP| Select Views FiterType:[aferialName =] FillerExp]

[ |matnalsAr
I

mat

al

igealwal

4
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Visualization of Si partial wafer >

cmsShow

Aun [ " I ="
3D RecHit ~] e Geometry Table @i e

CaTop| [CdUp| Select Views [FiterType:[aferialName =] Fillerexp]

Name Color | Opety | Rnrsell | RnrChildren | Materal

4
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Visualization of Si cell inside full wafer

cmsShow

Event filtering is OFF

Geomery Table

» hgcalwaler HGGaIEEWalerdGoarsel_1000508 [11] 4 malerials Alr
 hgcalwaler HGCAIEEWalerdCoarse2_2000508 [11] maletials Alr
» hocalwalerHGCalEEWaleroCoarse2d0_2000510 [11] 3 r r maletials Al
) hgcalwaler HGGaIEEWalerdGoarse1_1010601 [11] r maletials Al
» hgcalwalerHGCalEEWaler0Coarse1_1010502 [11] > materials Alr
» Ngcalwaler HGCAIEEWalerdCoarsel 1010503 [11] L matenials Al
» hgcalwalerHGCaIEEWaler)Coarse2_2010504 [11] materials Ar
) hgcalwaler HGCAIEEWaler)Coarse2d2_2010505 [11] s > > matenalsAr
» hgcalwaferHGCalEEWafer0Coarse1_1000600 [11 4 maefials:Air
Waler0Coarse1_1000601 [11 4 maletials Air
aler0Coarse1_1000602[11 4 malerials Air
aler0Coarse1_1000603 [11 malerials Alr

» NgcalwalerHGCalEEWaler0Coarse1_1000604 [11 v malefials Alr
» hgcalwalerHGC. Wafer0Coarsei_1000! materials:Air
» hgcalwalerHGC. Wafer0Coarsel_1000606 4 materials:Air
» hgcalwaler HGCalEEWaler0Coarsel_1000607 4 D 5 malerials Air
Wafer0Coarse1_1000608 4 maletials Air
Waler0Coarse2_2000608 maletials Alr
ValerdCoarse2bi_2000610 1] 3 ] r maletials Al

alerCoarse1 1010601 [11] r malerials Al
Waler0Coarsel_1010602 [11] S maletials Alr
Wafer0Coarse2_2010603 [11] | materials:Alr
Warer0Coarse2b3d_2010604 [11] materials: Al

maierials AT

Water0Goarse1_1000701 [11] E materials Alr
Water0Goarse1_1000702 [11] s materials Al
» hocalwalerHGCalEEWaler0Coarse1_1000703 [11] . r r materialsAlr




HGCal : The cells in wafers >

@
S
e
=
e\ =
S S1
SOROELE
29
&S
=0
Cell side = 4.65mm Cellside = 6.98mm
Cellflat-to-flat = 8.06mm Cell flat-to-fiat = 12.08mm

e The Fine type (high density) wafer is shown at the left hand size [source : (link)].

— The flat-to-flat cell size is 8.06 mm and contains 432 cells.
— The depletion width of the cells for Fine type wafer is 120 pm.

e The Coarse type (low density) wafer is shown at the right hand side.
— The flat-to-flat cell size is 12.08 mm and contains 192 cells.
— The depletion widths of the cells for Coarse type wafer can be 200 pm (CoarseThin) and 300 pum (CoarseThick).
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https://twiki.cern.ch/twiki/bin/viewauth/CMS/CellAndWaferNumbering

CMS

Motivation of Muon Tomography in geometry

Muon Tomography with cosmic muons is a popular tool

— Scientific research (Detector alignments and other validations)

— Archaeological explorations (hidden chambers in pyramid)

— Mineral search (different angle of bending for different soil /rock composition)
— Security scans (illegal transport of high Z materials)

Muons interact mostly through ionization with the materials and thus traverse the detector providing a consistent trace
which identified by a Landau distribution.

Validation of detector geometry requires,

— energy and hit information,

— access to every corner of all the detector layers,
— repetitive studies for debugging,

— faster processing,

— low volume files.

Muon satisfies all above criteria compared to shower producing particles.
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CMS

Implementation in CMS software

To study the response of HGCAL to muons, which are Minimum lonizing Particles (MIPs) and deposit roughly the
same energy for a broad range of energies:

1. Study of energy loss dependence as function of thickness of depletion depth (120 pm, 200 pm, 300 pm).

2. Obtaining the image of each layer using muon hits overlayed with the pattern from sensor layout files.

1M events with two muons (" + p ) at constant pr (100 GeV/c) towards HGCAL (1.3 < |n| < 3.1) in +ve and -ve
z directions are simulated.

The energy loss stored in simhit array for a given cell are added for the in-bunch cell hits.

The energy loss distribution obtained for the cell with maximum deposited energy in a given layer is used for the
present study.

21/38



Muon Tomography

Hits in XY for layer 1 (-z side)

Hits for R,, vs z-axis

CMS

MS Prel
—— Siwidth 120 um
—— Siwidth 200 pm
—— Siwidth 300 um
—— CEH Sci

iminary simulation

i

£ 200¢ — - - = 300
& [ CMS Preliminary simulation s [
> 150 & 250?
100 C
g 2001

50 r
o 1501
-50~ F
E 100~
_100; Ml s width 120 ym C
150i I si width 200 pm 50?

- C - Si width 300 pm C

P S B D N B N C
20850 150 100 50 0 50 100 150 _ 200 800

x (cm)

|
350 400

e Left: the front of HGCal layerl, Right: the side view of HGCal layers.

e The muon hit distributions showing different types active elements.

450

500 550
Z-axis (cm)

— The Si wafers with depletion width of 120 pum, 200 pm, 300 pm are shown in red, green and magenta, respectively.

— The Scintillator tiles are shown in blue.
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Validation : A case study of muon energy loss >

v15 : Energy loss v16 : Energy loss
s 10° g 10°
| r hELoss 4 C hELoss
2 F —_— 2 C J—
£ 300 Muon Energy loss Enties 2517576207 £ 300 Muon Energy loss Enios 22324390107
£ ——— Muon Eloss in 120 ym Si || Mean 7119 C ——— Muon Eloss in 120 um Si Mean 7636
F Std Dev 4401 F S Dev 14
250 ——— Muon Eloss in 200 um Si | [TromeLcsmar tayer o1 250/ ——— Muon Eloss in 200 um Si WTOWELCSMaxF layer 01
Enties 11062360407 £ Enties 1109383407
—— Muon Eloss in 300 ym Si || = o F ——— Muon Eloss in 300 um Si Moan sa2
i r . s1d D 4037
200 CMS ~ y LSwoe d024 2001~ CMS Preliminary o
- ! WOl ELCSMaxCN Jayer 01 £ . i WTOIELGSMAxCN_tayer 01
Entries 8015756 C Entries 3113952
150} Mean 78.55 150 — lean 8161
StdDev 3855 E Std Dev
TTGPELCSMaCR Jayer 01 o WTohELCSMAXC
100 Entries 6097582 100(— Entries 8116607
Mean 93.11 F Mean 1073
Std Dev. 46.85 £ Std Dev. 3285
501 50—
1 | | I o
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160

180 200 180 200
Eloss (keV) Eloss (keV)
Muon energy loss studies have been carried out for two geometry versions, namely v15 and v16.

The energy loss in Si wafers are shown in black color for v15(left) and v16(right).

The energy loss histograms for different depths of sensitive material, 120 pm, 200 um and 300 pm are shown in red,
green and magenta color, respectively.

In addition to the expected energy loss peaks as per thickness of the sensitive material, several anomalous peaks (shown
with blue arrow) for each of v15 and v16 geometries are noted.

Number of anomalous peaks for v15 and v16 are not the same.
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Validation : muon energy loss (contd.) >

Energy loss for 120 um Si Energy loss for 200 um Si Energy loss for 300 um Si

s 10" N 10"
[FTomELComasF iayer 01 2 — oML CSMaXCH Jayer 01 £ o0
& oo ncustve Entres 8015756 &
Fuvaes || Moan s 100
o)
a0
b CMS Prefiminary| s 120 CMS Protminary | " =
Simulation o o
of oo L s
- ol
o 0|
4o 0|
nf- o} )
£ - —
I T R T T 3
o (o) -
Energy loss for 120 um Si Energy loss for 200 um Si Energy loss for 300 um Si
10" a0
§ $roomf= P— g e
HI. oL ESE e o1 H — ORELCENON e o7 £ .0 [ ]
L Eniies  1.1093830407 “ Entries 3113852 “ 107.
800001~ = Rlut Mean 81.61 Std
20 e | L5906y 2 ool [t o
scom|-— orvaBicamot e or | T
P~ CMS rofiminary | t:mspmmng,,z- B of  CMS poimiay
Simulation s 40000) imulation b " imulation
1% ol
00l
10 E -
P o000l =l
% 20 40 60 80 100 120 140 160 180 2« 0 40 B0 B0 10 10 10 1@ 8 20 4 60 80 100 120 140 160 _180 X
o 0l A [

The energy loss of muons is shown for v15(top) and v16(bottom).
Surprisingly, we do not find any hits in the partial wafers corresponding to 200 and 300 pm in case of v16.

The energy loss peaks ~34 keV, ~60 keV and ~90 keV are observed to be in proportion with different thicknesses (120
pm, 200 pm, 300 pm).

The anomalous low energy peak with Si wafers of 120 and 200 pm thickness is ~20 keV and it is close to 2 keV for Si
wafers of 300 pm thickness.
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Validation : muon energy loss (contd.) &%

Hits in XY for layer 1 (-z side) BRIL[6.2.0.1] for layer 1

CMS Preliminary Simulation

100

-100 -
Bl si width 120 um

[ si width 200 um

-150 i
[ si width 300 um

L N N R

B T A N R S U P P
%B50 150 100 50 0 50 100 150 200

X (cm)
e The GEANT hit distribution in the XY plane for v16(left) is compared with the Technical drawing (right).

e Comparing the Si wafer pattern (with the help of overlay) shows the missing hits in partial wafers in the outer region,
namely the 300 pm partial Si wafers.




H : CMS,
Validation : muon energy loss (contd.) p.
Hits in XY for layer 1 (-z side) Hits in XY for layer 1 (-z side)
— 200 = 200¢
5 F CMS Preliminary Simulation 5 £ CMS Preliminary Simulation
> 150 ™ 1500
100 100(-
501 501
o o
-50F -50F
_100;_ [ siwicth 120 um _100:_
C I si width 200 um L
-1501 W svansoum| 100
P ST R U PR PO PN PR I PO S B PR PO N PR PO T
0800 =150 100 50 0 50 100 150 200 =200 150 -100 50 0 50 100 150 200
X (cm) x (cm)

e The origin of the issues have been found to be a scale down factor applied for the partial wafers in v15 and an incorrect
definition of active width of the silicon in v16.

e The GEANT simhit distribution in the xy-plane of layer 1 of HGCAL before(left) and after(right) the fix.
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Validation : HGCAL layer rotation

Hits in XY for layer 28 (-z side) Hits in XY for layer 28 (-z side)
£200¢ — — £200¢ — P—
s CMS Preliminary Simulation s f CMS Preliminary Simulation
~ _F -~ [
150(— 150~
100 1001~
50— 50
o o
-50— -501—
_100; [l si width 120 ym _100; [ si width 120 um
_150i [ si width 200 pm _150i 0 i width 200 um
o [ si width 300 ym o [ si width 300 um
PV S U P PR D S SR T PV S PR B FETEE T FURT T N
—%00 -150 -100 -50 0 50 100 150 200 —%00 -150 -100 -50 0 50 100 150 200

x (cm) X (cm)

e The layers 28, 30, 32 of the HGCAL are rotated by 30° along the z-axis to reduce the dead area of the detector.
e The GEANT hit distribution in the XY plane for layer 28 (left), shows discrepancy.

e It was observed that the overlay was perfectly matching with the hits if it was rotated by —30° instead of 30° and
appropriated correction was made (right).
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Validation :

Hits in XY for layer 1 (-z side)

=}

-50

-100

150

CMS Preliminary Simulation

_2(1%

A module rotation of silicon wafers are applied in v17 for the proper implementation of technical design.

00

-150 -100 -50 0 50 100 150 200
x (cm)

Missing hits in partial wafers are observed.

HGCAL module rotation

Hits in XY for layer 1 (-z side)

=}

L L L N R R

-100

-150

CMS Preliminary Simulation

CMS

_2(1%00 -150 -100 -50 0 50 100 150 200

x (cm)

The issue was narrowed down to the bug in the validity check and the orientation of partial wafers.

After the correction GEANT simhit distribution showed that there was an issue with the orientation of the partial

wafers (right).

[l s wicth 120m
[ si width 200 um
[ si wicth 300 um
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Validation : Hit occupancies in SiPM-on-tile

[ EtaPhi_HE_Scintillator_zminus

-

3
CMS Preliminary si

~12_5_0_pre1_Default

|
-
TTTT T

B | i e

-3 2.8 26 24 -22 -2 -18-186

Layer 21

Hits in XY for layer 47

CMS

hX¥hits_|ayer 47
e R N B R RN et
S [CMS Preliminary simulation "';es o
> L 0525231 0
200— of ol o
100~ -
o 4
—100]- .
_200 4
Y| AT AN AN VRN AVENRTA o AR
—%00 —200 —100 0 100 200 300
X (cm)

Left : The n — ¢ distribution of hits for layer 47 (26+21) as obtained via DQM(from You-Ying).

Right :

Tomography.

The hit distribution of layer number 47 shows the hits are only present in the outermost ring as obtained via Muon
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Validation : Hit occupancies in SiPM-on-tile

Hits in XY for layer 47

Hits in XY for layer 47

CMS

0 0 0

47628 0

o o

hXYhits_layer 47 hXYhits_layer 47
e S L ey e B B e e
& [ CMS Preliminary tion o ol & [ CMS Preliminary n
> r o3 o] |
200 ol o 200
100/ 4 100 3
oF ] or 7
100~ . 100 .
200 . 200 -
) N U A Ca Lo b Lo L Ly
—§00 -200 -100 0 100 200

Following a finding by the data quality monitoring (DQM) team of HGCAL, hit occupancies are studied for

SiPM-on-tiles.

Missing hits are observed in the inner rings.

300
)

_30—%00 =200 100 0 100 200 3§)0

The issue was an incorrect scale conversion mm—cm in geometry definition.

After the correction GEANT simhit distribution showed no issues for SiPM-on-tile modules (right).
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CMS

DQM spotted an issue (You-Ying) geometry:v16

* You-Ying has reported missing silicon hits in the recent version of CMSSW

SimHits RecoHits
EtaPhi_HE_Silicon_zminus
i [-CMSSW_12_4_0_prea EtaPhi
o L-CMSSW_12_5_0_pre5 ~CMSSW_12_4_0_pred
E MSSW_12_5_0_pre5
2 i
1
of Preliminary sim
-1
_2:
-3 e -3 -28-26-2.4-22 2 —1.8 A .ﬁ”
-3 -28-26-24-22 -2 -18-16 Layer 15

Layer 15
* While there is little difference in the SimHit pattern, the RecHit distribution
shows missing hits at the highest Inl region
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-2

-3

The n — ¢ plots for v16 >

GenHits in layer 41 (z < 0.0 cm)

RecHits in layer 41 (z < 0.0 cm)

CMS Preliminary simulation

FcMm

o
LB B
T T T I T T T

-2

-3

S Preliminary simulation

ool Lo Lo Lo b 1
-32 -3 -28 -26 -24 -22 -2

TN ANANE BRI i L1
-18 -186 -14 -32 -
n

(I A VAR IO Lo b a b 1y
3 -28 26 -24 -22 -2 -18 -16 -1.4
n

Left : particle-level hits, Right : reconstructed hits.
Layer 41 = 26(EM) + 15(Had)

red: Si 120 pum, green : Si 200 pm, magenta :

Si 300 pm, blue : Sci.
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CMS

The n — ¢ plots for v16 (valid+invalid detlds)

GenHits in layer 41 (z < 0.0 cm) RecHits in layer 41 (z < 0.0 cm)

- 200um
- 300 um
- Failed detiDs: 200 um
Il Faied detis: 300 1um

- 300 um

[l Faied detiDs: 200um

Il Faied detiDs: 300 1um
hEPGentotCKO | | hEPGentotCNO hEPRectotCKO | |hEPRectotCNO
Entries 319813 | | Entries 86754 Entries 296637 || Entries 439269
Meanx -2419 | |Meanx ~ -281 Meanx -2418 |[Meanx  -2.801
Meany 0.03618 | |Meany -0.2331 Meany 003483 ||Meany -0.2314
Std Dev x 0.1944 | | Std Dev x0.07155 Std Devx 0.1944 | | Std Dev x 0.07315
StdDevy 1807 ||StdDevy 1821 StdDevy 1807 ||StdDevy 1.807

T T

hEPGenFailtolCKO | |hEPGenFailtotCND hEPRecFaillotCK | |hEPRecFailtotCNO
Entries 500 | | Entries 1722 % |Entries 0|| Entries 0
Meanx 2079 | |Meanx  -2920 # | Meanx 0| Meanx 0
Meany -0404 | |Meany -0.1239 2l |Meany 0 ||Meany 0
Std Dev x0.01122 | | Std Dev x 0.02398 StdDevx 0||StdDevx 0
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Left : particle-level hits, Right : reconstructed hits.

Swtich off : [I|(HGCalGeometry::topology().valid(detld))] + low resolution
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The n — ¢ plots for v16 (CMSSW_12_4_0_pre4

GenHits in layer 41 (z < 0.0 cm) RecHits in layer 41 (z < 0.0 cm)
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Left pair : DQM plot, Right pair : Muon Tomography.

Muon Tomography is able to reproduce the DQM plot and spot the issue.
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The n — ¢ plots for vi6 (CMSSW_12_5_0_preb

GenHits in layer 41 (z < 0.0 cm) RecHits in layer 41 (z < 0.0 cm)
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Left pair : DQM plot, Right pair : Muon Tomography.

Muon Tomography is able to reproduce the DQM plot and spot the issue.

35/38



Fireworks vs Muon Tomography >

Hits in XY for layer 47 (-z side)
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A 40 cm shift of cassette 1 of Layer 47.
Left : Fireworks display Left : Muon Tomography

Fireworks shows shift is correct, however the detectors hits are not shifted accordingly.
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Summary

e We have demonstrated that muon tomography is an useful validation tool for complex
detector geometry.
— Incorrect definition of active thickness.
— Missing hits in partial wafers.
— Rotation of layers in opposite direction.
— Issues with module rotation.
— Scale conversion for SiPM-on-tile hits.
— Unexpected detector hits.
— Wrong cassette shifts.
e In future colliders, where complex detector system is envisaged, muon tomography could
play crucial role in geometry debugging.

e To run : https://hgcal.web.cern.ch/Geometry/geometry_validation/.
e The applications are documented in a CMS detector note DN-23-003.
e Collaborators : S. Dugad, P. Suryadevara, G. Mohanty, S. Banerjee.
e Acknowledgment : C. Seez, M. Rovere, P. Silva, P. Bloch.

37/38


https://hgcal.web.cern.ch/Geometry/geometry_validation

CMS

Thank you
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