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The upgrade schedule

LHC / HL-LHC Plan
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Radiation damage foreseen that will necessitate
the replacement of the endcap detectors

DEFINITION EXCAVATION BUILDINGS CMS-TDR-019

We are here
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https://cds.cern.ch/record/2293646?ln=en

HGCal Ge

Generate

The High Granularity Calorimeter
(HGCAL) will possess
unprecedented spatial granularity

Hits

Cluster Ce

3D visualization of showers

Excellent energy resolution in the
endcaps

Unprecedented granularity

ometry

d Particles
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Enables identification of electrons,
photons, pions and even muons
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Timing capabillities allow the ability
to distinguish close-by showers
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Visualization of showers
from 10 generated pions

https://crd.northwestern.edu/visualizations/visualization-of-

reconstruct
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https://crd.northwestern.edu/visualizations/visualization-of-reconstruction-of-CMS-HGCal/
https://crd.northwestern.edu/visualizations/visualization-of-reconstruction-of-CMS-HGCal/

The location of the HGCAL

Location of the HGCAL.:

o‘|_5<n<3_0  Related R&D:

e DAQ system designed to cope
with the large amount of space-
energy-time information in the
HL-LHC conditions

e Considerable R&D for software
and computing needs and
development of efficient
algorithms for reconstruction

 Endcap Timing Layer
e HGCAL Thermal Screen
e Polyethelene Moderator
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Scintillating tiles with on-tile SiPM readout
in low-radiation regions of CE-H

Key Parameters:
Coverage: 1.5< |n|<3.0

~215 tonnes per endcap

Full system maintained at -35°C
~620m? Si sensors in ~30000 modules
~6M Si channels, 0.5 or 1cm? cell size
~400m? of scintillators in ~4000 boards
~240k scint. channels, 4-30cm? cell size
Power at end of HL-LHC:

~125 kW per endcap

Active Elements:
Hexagonal modules based on Si sensors in CE-E
and high-radiation regions of CE-H
“Cassettes”: multiple modules mounted on
cooling plates with electronics and absorbers

ﬁ
(
Electromagnetic calorimeter (CE-E): Si, Cu & CuW & Pb absorbers, 28 layers, 25 X, & ~1.3A
Hadronic calorimeter (CE-H): Si & scintillator, steel absorbers, 22 layers, ~8.5A
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Sensor layout in the silicon section

e HGCAL sensors will have 3 different active thicknesses:

* optimized taking charge collection and operation conditions into account
120 um, 200 um and 300 um

. Limit between
Outer Radius 300u and 200u

\ : | sensors

N o
‘ N\

Inner Radlus/ :

Limit between
.~ 200u and 1200
. sensors

6 inch prototype module
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e Hadronic section features silicon sensors and SiPM-on-
tile readout sensors
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The HGCAL Readout

HGCROC ASIC — signal amplification and shaping,
digitization, triggering

Concentrator ASIC (ECON) — aggregates data from
a collection of HGCROCs

e ECONT performs trigger primitive data-
processing with more than one possible algorithm

e ECOND performs zero suppression of triggered
data

CMS preliminary

-@- Layer 1 ©-Layer2 -mLayer3
Layer 6 e Layer7 ©-lLayer8
Layer11 -a-Layer 12 -@ Layer 13

The HGCROC inCreaSingly = Layer 16 -a-Layer 17 Layer 18

m Layer21 5 Layer22 -a Layer23

realistic in the simulations with Dl el sl
regard to inclusion of noise

Performance stable across
detector volume

End-of-life conditions show some
deterioration within tolerance

60 80 100
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Infrastructure

Decoded clock40M

Fast commands

CMS preliminary
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Reconstruction algorithm
in 2+1 D

e Shower reconstruction in the HGCAL is iteratively done in 2+1 dimensions

e Event displays from test beam data illustrate the proof of principle

* The 2D clusters are called “layer clusters” and are merged to form a single cluster —
representative of the shower

e Amenable to an order of magnitude speed-up with GPUs

= VAW

.___*
300 GeV

hadron 30X, 46X, 63X, 78X, 95X 130X, 165X 24X, 27X, 29X, 32X, 35X, 38X, . 45X 48X,
0.16%  024A  032h 04X 048%  065Lh 085X 134 1.7 20 23 262 29\ 3N 35 381

RecHits in the cells of each consecutive sensor
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https://iopscience.iop.org/article/10.1088/1748-0221/13/10/P10023

he Iterative CLustering ( ) Framework

e Linking of 2D layer clusters to form 3D shower performed
with a cellular automaton based pattern recognition
algorithm

e Involves window search from layer N — layer N+1
(creating a doublet) including compatibility criteria based
on energy, timing, geometric constraints

e Simplified combinatorics if electromagnetic components
removed before clustering hadronic block
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Performance of the HGCAL with TICL

* The performance of the TICL algorithm in shower energy reconstruction
IS encouraging for both electromagnetic and hadronic showers

e current approach collects all diffused components of the hadronic
shower as a single object

CMS Phase 2 " Single-r

Simulation Preliminary hP1IU=_1 (')9

CMS Phase 2

Simulation Preliminary

®  Rec/able
®* TICL
+ TICL (Non-Interacting)

®  Rec/able

®* TICL

50 100 150 200 250 300

\ | 4
50 100 150 200 250 300
Esen [GEV]

Esen [GEV]

 Rec/able: The energy that can be reconstructed by summing the energy of all reconstructed hits pertaining
to a generated particle
* Non-interacting: no interaction in the tracker volume
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High Level Triggering (HLT) with TICL

Pixel Matching [ —> 228

(Calo driven

HGCAL 2D Pseudo 2D
- - -
\3 ﬂ seeds)
SuperClustering
~y algorithm

/

PU 200 (14 TeV)

HGCAL reconstruction chain successfully cMs HGCal electrons
iImplemented in trigger paths '

10< pf" <50 GeV
(u, U)m=(1, 0.044)

TICL algorithm optimized for HLT timing

— 50 <p] " <80 GeV
- 10 T (w o), =(1,0.028)
Multivariate regression (in use in Phase-l) used |  80<p? <110 Gev
to further improve performance S (s D=1 0:029
et 110 < p¥*" < 140 GeV
_ _ T (w o), =(1,0.019)
e |nputs based on shower shape variables & 102 a0 170 ey
. . . I <p; < e
and ratios of hadronic and electromagnetic i (1, ), =1, 0.018)

energy | 170 <p?" < 200 GeV

(u, u)m=;(1 , 0.019)

2D layer clusters can be used to define
calorimetric isolation specified at the HLT

_3 _',' A !
1005 i 15

TDR-21-001 Ercco/ Eger
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https://arxiv.org/abs/2012.06888

Kg, n=138, p<2cm
0.12 .

Beginning of life

* Intrinsic silicon signal time
resolution (~ few ps) can be
used to distinguish between
close by showers

—.=%--- A =5000ps / (S/N), C = 20 ps

e Use O(10 ps) timing to
individuate pileup particle
showers
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Conclusion

A brief overview of the High-Granularity Calorimeter was presented
The HGCAL provides unprecedented spatial granularity

It enables excellent identification of electrons, photons, pions and
even muons!

It will be the first calorimeter at a collider with O(10 ps) precision
timing capabilities, leading to the identification and eventual mitigation
of pile-up, one of the biggest challenges of the HL-LHC environment

Sophisticated shower reconstruction algorithms needed and first steps
In place
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Additional Material
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The TICL algorithm

Tracks S PID_J Dencising
Rechits 2D Clusers R Seccing Regon g Tracksters R PFTICLProducer

Wi el e
ot

The various steps of the TICL algorithm
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Sensor Layout
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https://cds.cern.ch/record/2293646/files/CMS-TDR-019.pdf
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HGCAL PU200
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fakes/event muon |

e Muon identification efficiency versus probability

per event that another non-muon track identified ] L .
2S 4 Muon * Muon identification efficiency versus |n| for

pt > 5 GeV

e Different noise scenarios explored consistent with
last 12 layers of the HGCAL
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H1: The DAQ System of the 12,000
Channel CMS High Granularity
Calorimeter Prototype

H2: Construction and Commissioning
of CMS CE prototype silicon modules

H3: Measurement of the response of a
CMS HGCAL silicon-pad calorimeter
prototype to electrons at the 2018
beam tests

H4: First Tests of CMS HGCAL silicon
using SKIROC2-CMS ASIC at the
DESY Il Beam Test

HS5: Timing performance of prototype
silicon-sensor modules for the HGCAL
in high-energy positron and pion
beams at CERN

C1: Hadron reconstruction
performance of a CMS

HGCAL+AHCAL prototype in beam
tests
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The DAQ system of the 12,000 channel CMS high
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CLUE Algorithm

e C(Clustering: CLUstering by Energy [CLUE] algorithm [arXiv:2001.09761]

nt at LHC, CERN CMS Experiment at LHC, CERN
't Thu Jan 1 00:00:00 1970 UTC Data recorded: Thu Jan 1 00:00:00 1970 UTC
10 Run/Event. 1/ 10

Lumi section: 1
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TICL Performance
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Simulation Preliminary S Simulation Preliminary
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Hadronic showers
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Eqen [GEV] Egen [GEV]

Fit results: Fit results:

.
Stochastic Constant
Rec/able 72% 55%

Rec/able 23% 0.9% TICL 80% 8.7 %

TICL 25% 0.9% TICL 72% 8.0%

(Non-int/ing)
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he Iterative CLustering ( ) Framework

e Simplified combinatorics if electromagnetic

components removed before clustering hadronic
block

e Linking of 2D layer clusters to form 3D shower

performed with a cellular automaton based pattern
recognition algorithm

e Involves window search from layer N — layer N+1

iIncluding compatibility criteria based on energy,
timing, geometric constraints
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