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HGCAL at the HL-LHC
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High Granularity Calorimeter 
(HGCAL): replacement of 
CMS endcap calorimeters

A 5D (imaging) calorimeter 
using particle flow
Silicon sensors in the CE-E and 
high radiation region of CE-H
Scintillator section composed of 
SiPM-on-tile design in regions 
where radiation fields allow

CMSendcap will operate in an 
unprecedented radiation environment at the 
HL-LHC

Doses up to 2 MGy



SiPM-on-Tile Design
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Developed for the Calorimeter for Linear Collider 
Experiment (CALICE)

Individually wrapped plastic scintillator tiles placed on 
SiPMs
Dimple in scintillator provides mechanical space for SiPM 
and improves uniformity of response across tile
Allow for calibration of individual tiles
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Test Beam



Test Beam Setup
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FNALbeam conditions
120 GeV protons
Beam spot ~4cm diameter, 
„ ρȢυcm in x and y

Planes of Si strip tracking 
detectors placed on either 
side of sample black box

Trigger provided by a 
coincidence of 2 scintillator 
counters

~1k triggers/spill

Temperature sensor in 
black box



SiPMs
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S13360-1350
Historical reference to compare with previous measurements
Breakdown voltage = 51.76V

S14160-1315
Best representative of SiPMsin HGCAL: Hamamatsu S14160 series 
will be used
Breakdown voltage = 38.31V

White silk 
screen 



Scintillator Tiles
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σ σÃÍtiles
3.8 mm thick SCSN-81 (Polystrene-based scintillator)
3 mm thick EJ-200 (Polyvinyltoluene-based scintillator)

Various transverse sized EJ-200 tiles ranging from ςȢσ
ςȢσ υȢυ υȢυÃÍ
Tyvek and ESR wrappings



Light Yield Determination
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Fit the MIP yield distribution with 
the convolution of a Gaussian and 
Landau

Gaussian models low light yield 
region
Landau models high light yield tail

MPV used as a figure of merit

Ϸsystematic uncertainty on 
the MPV MIP yield derived from 
multiple different measurements 
of the exact same tile over the 
course of the test beam



Tile Uniformity
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Analysis technique provides response positions with a 
resolution of ~1 mm
Special tile with a large, 12.7 mm diameter, dimple 
shows our measurements are sensitive to it



Tile Uniformity ɀυȢυ υȢυÃÍEJ-200 tile
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Good agreement between data and simulation
Based on tile profile, SiPMcentered approximately exactly

Light yield varies by ~20% depending on annular 
region



Light Yield vs Tile Area
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MIP yield measurements for different sized tiles 
ranging across planned sizes for HGCAL

EJ200 scintillator wrapped in ESR, 3 mm thick. S13360 on 
white silkscreen with ὠ υτȢςφV

ʔ fit to data:  -06 ὴ 4ÉÌÅ!ÒÅÁȾωὧά

Confirm LY ~ 1/ 4ÉÌÅ!ÒÅÁrelation

ὴ Ȣ Ȣ
ὴ Ȣ Ȣ

ʔȾND ╕ Ȣ



Light Yield vs Tile Thickness
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ʔ fit to data: -06
ὴ 4ÉÌÅ4ÈÉÃËÎÅÓÓȾσȢψάά

ESR

TyvekLight yield has a greater 
increase as tile thickness 
increases for ESR 
wrapped tiles compared 
to Tyvek wrapped tiles


