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The LHC Schedule
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We are here HGC 

Installation



CMS Calorimeters in 2035

ÅRadiation damage on PbWO4 crystals and plastic scintillators 
forces replacement of endcap calorimeters
ïBarrel calorimeters will only require replacement of readout electronics
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Challenges

ÅRadiation-induced 
reduction of signal 
yield
ïRadiation-hard silicon 

sensors in high-dose 
region; plastic 
scintillator in low-dose 
region

ÅHigh number of 
simultaneous 
interactions
ïHigh granularity, 

longitudinal 
segmentation, 
precision timing allow 
for the separation of 
pile-up vertices
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The HGCAL Design

ÅKey parameters
ï1.5<|h|<3.0

ï600m2 Si sensors

ï500m2 scintillator

ï6M channels

ÅCE-E
ïCu/CuW/Pb absorber

ïSilicon sensors

ï28 layers; 25ὢ, ~1.3l

ÅCE-H
ïSteel absorber

ïSilicon and scintillator

ï24 layers; ~8.5l
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CE-E

CE-H



Mechanical Layout
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Si-only layer

Sensor thickness optimized 

vs radiation hardness

Mixed Si-scintillator layer

Boundary optimized vs radiation 

hardness

Scintillator too in cold volume (-30C)



CE-E Layer Design
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Hexagonal Module design: 

Glued stack of:

6òmodule 

prototype

PCB,

Sensor,

Kapton,

Baseplate

Close up of 

wirebonds



Silicon Sensors

ÅHexagonal sensor geometry
ïLargest tile-able polygon; maximize 

use of circular wafers

ÅDesign goals
ïSustain 1kV to mitigate radiation 

damage

ïGood S/N for MIP at the end of HL-
LHC run period
ÅExpected total dose and radiation 

fluence: ~100Mrad and ~1016 neq/cm2

ÅCurrent design 
ï8-inch sensor, 192 1cm2 cells or 

432 0.5cm2 cells

ïSmall-size calibration cells for 
single MIP sensitivity

11/7/2017 A. Belloni :: CMS Calorimetry R&D - CEPC Workshop 8

n-on-p sensor

current baseline



SiPM-on-Tile Setup

ÅPhotosensor (SiPM) 
mounted directly on tile

ïDirect collection of 
scintillator light

ïTile wrapped with 
reflective cover

ïCentral dimple in tile 
optimizes light collection

ÅCosmic-ray runs with 
prototype assembly

ïCALICE AHCAL 
prototype (similar 
structure to CE-H)
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FE Readout Electronics

Å Requirements
ï Large dynamic range (0.4fC to 

10pC)

ï Low power (<15mW/channel)

ï Timing information with 50ps 
accuracy

ï Low noise (2ke)

ï High radiation resistance

Å Baseline
ï 130nm ASIC

ï ToA with 50ps binning

ï 12-bit ToT for 0.1-10pC; 11-bit 
ADC for 0-0.1pC

ï Buffers to accommodate 12.5ms 
L1 trigger latency

Å Current status
ï SKIROC2-CMS ASIC designed 

for testbeam

ï HGROC_V1 submitted in July
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CERN Test Beam - 2017
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AHCALCE-HCE-E



Event Displays
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80GeV e

300GeV p

6.3X0 16.8X0 25.3X0 32.7X0 41.1X0 48.4X0

0.35l0 0.89l0 1.6l0 2.4l0 3.3l0 4l0



Energy Linearity

ÅSum of fitted pulse amplitudes over all cells in all layers
ïPedestal and common-mode noise subtracted

ïNo weights applied: room for improvement

ÅGood energy measurement linearity
ïOngoing analysis of 100-300GeV hadron beam results

11/7/2017 A. Belloni :: CMS Calorimetry R&D - CEPC Workshop 13



Data vs. Simulation

ÅTransverse shower 
size: E7/E19
ïE7: highest energy 

cell + 6-cell ring 

ïE19: highest 
energy cell + 2 
rings

ÅLongitudinal shower 
profile: ELayer/Evis
ïELayer: energy in 

given layer

ïEvis: total sum of 
energy in 
calorimeter

ÅGood agreement 
with simulation
ïDiscrepancies 

under investigation 

11/7/2017 A. Belloni :: CMS Calorimetry R&D - CEPC Workshop 14

EE1 FH0

200GeV p 200GeV p

CMS Work in progress CMS Work in progress



AHCAL at Test Beam

Å CALICE-AHCAL prototype
ï 12 36x36cm2 layers; 144 3x3cm2 scintillator tiles; 74mm steel plates (~5l)

Å 300GeV pion test beam
ïOnline monitoring data with preliminary calibration

ï HGCAL and AHCAL integrated DAQ

ï Clear MIP peaks visible in shower
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Cold Scintillators

ÅPulse shape and timing 
unaffected by temperature
ïTested down to -180C 

(scintillator in liquid 
nitrogen)

ÅRadiation damage does 
not preclude usage
ïLower temperature slows 

annealing, without affecting 
permanent damage
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Radiation Damage (1)

ÅRadiation damage 
(per unit of 
integrated dose) 
increases at low 
dose rates
ïOxygen diffusion 

drives the dose-
rate dependency
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L(d) = L(0)Āexp(-d/D); d: dose, D: dose constant

JINST 11 T10004

CE-H Range

http://dx.doi.org/10.1088/1748-0221/11/10/T10004

