Introduction to the CMS HGCAL

* The CMS end-cap calorimeter will be replaced in view of the phase Il LHC upgrade to cope with the increased pileup and radiation damage due to the high luminosity. The new detector will be a

5D (imaging) calorimeter using particle flow operating at -30°C

* Absorbers: « Cu, CuW and Pb absorbers in the electromagnetic calorimeter (ECAL) covering 27.7X, or 1.5A

* The active volume will be instrumented with two technologies depending on the radiation level:

* Where expected fluence at end of life is above

* Covers the ECAL and innermost part of the
w3 HCAL

* The cells vary in size depending on its location
In the calorimeter

* More than 6 000 00O silicon sensors covering
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! - Silicon detector section * Scintillator section

* Consisting of hexagonal silicon sensors * Consisting of trapezoidal plastic scintillators read out using
silicon photomultipliers (SiPM-on-tiles)

5x10" n/cm? * |In region where expected fluence at end of life is below
9x10" n/cm? (Outer HCAL region)

* Ensures S/N > 3 for minimum ionizing particles (MIPs)
throughout the detector lifetime

* The cells increase in size radially from the beamline

620 m* area * More than 240,000 SiPM-on-tiles covering 370 m? area

» Steel absorbers in the hadronic calorimeter (HCAL) covering about 8.5\
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The HGCAL Scintillator Section

Sensors : The SiPM-on-Tile Technology

* SiPM-on-tiles consist of individually wrapped plastic scintillator tiles read out by silicon photomultipliers

(SIPM) . .
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* The basic detector module in the SiPM-on-tile section

* Consists of a PCB, HGCROC, SiPMs, scintilators and other on-
board electronic systems

* Most tileboards will hold one HGCROC

* HGCROC can reads out up to 72 channels simultaneously

* Each individual SiPM-on-tile is equipped with a low intensity LED
used for calibration

SiPM-on-Tile Section Layout
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* Eight Tilemodule Types including 4

* Receives trigger data from HGCROC
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* GBT-SCA: Responsible for all slow control tasks on the Tilemodule

* ALDOV2 : Voltage regulator chip for SiPMs on the Tilemodule

Tileboard PCB

Tilemodule Production and Assembly

* Tilemodule production for the final detector to begin early 2024
* Tilemodules will be produced and assembled at DESY (Hamburg) and Fermilab (FNAL) (USA)

* Final assembled end-caps to be lowered into the CMS cavern in August 2027

Printed Circuit Board

* Industrial Production

Tileboard Assembly
* DESY : In-house production (30/day)
* USA : Commercial supplier

Tileboard
Quality Control {

SiPMs
* Hamamatsu Photonics K.K.

Tilemodule assembly
* Pick-and-Place machines

Other Electronic 9 at FNAL and DESY
Components on Tileboard Scintillator Tile wrapping Wrapped tile

* Custom-built Machines Quality Control

Scintillator Tiles * 1500/day per assembly site
* FNAL and North Illlonois
University (NIU)
* ISMA (Kharkiv)

Tilemodule
Quality Control

Reflector Foil Cutting
Reflector Foil * Programmable cutting tables
* Off-the-shelf product * 1500/day per assembly site

Kapton Stickers
* Custom-made commercial
parts
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LED based SiPM Quality Control Setups
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Performance test with
Tilemodules

* Using Cosmic muons
* Using onboard LED system
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