
SiD Hadron Calorimeter
Factors affecting resolution/performance 

Explore factors for HCal:

- SiPM/Tile misalignment
- Tile response uniformity
- Tile wrapping response uniformity
- MIP calibration
- SiPM factors in simulation (Saturation, smearing, temperature,…)
- MIP threshold variation
- Dead channels
- Tile size(s)
- Sampling fraction
- …?

A. Prior, A. White – U. Texas at Arlington
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L.M.S. de Silva and F. Simon 2020 JINST15 P06030

Effects of misalignment on response uniformity of SiPM-on-tile technology

Dipole asymmetry 0.1 per 1mm displacement
~80% of Tile has response within 5% of mean
-> Limit asymmetry to 0.05 or 500 µm
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Tile Response Uniformity

Y. Liu et al, arXiv:1512.05900

97.1% (80.8%)of the tile area is within 10% 
(5%) deviation from the average response 
of 20.6 p.e. to electrons (90Sr)

2015
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https://arxiv.org/abs/1512.05900
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HCal Calibration

MIP calibration using muons

Gain calibration
(Separation of photoelectron peaks)

MIPS

Noise

F. Sefkow, A. White et al.
REVIEWS OF MODERN PHYSICS, VOLUME 88

LED induced 
signals

Determined on test 
bench for each SiPM

Noise cut 
efficiency ~95%
- expected to be
much lower with

newer SiPMs

CALICE AHCAL Prototype

SiD - per channel MIP calibration using muons 
– time for whole calorimeter exposure?
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Temperature variations and corrections

F. Sefkow, A. White et al.
REVIEWS OF MODERN PHYSICS, VOLUME 88

V (T) = Vbias - Vbreakdown(T)

Residual variation 
after correction   
~ few per mil.

50 mV/K

E[MIP] = A/AMIP f(A/Apixel)
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SiPM simulation – as implemented

1) Basic energy to number of p.e. conversion:

npe = Energy (GeV) x pe_per_MIP/mip_calib

2) Saturation from limited number of pixels:

npe = Npixel x (1 – e-(npe/Npixel))

3) Binomial smearing:

npe = RandomBinomial(Npixel, p)        p = fraction of hit pixels on SiPM

4) Variation of pixel capacitance:

Gaussian distribution.
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MIP Threshold dependence

0.5 MIP threshold was 
used in CALICE/AHCAL 
data analysis
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MIP Threshold dependence
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Dead and Uncalibrated channels

CALICE HCal Technological Prototype

Number of channels = 21,888

Number without possible MIP calibration = 19  (~0.1%)

Number of dead channels = 6 (out of 19) ~0.03%
(Was 2% in first prototype + 0.5% after transport CERN to Fermilab)

Katja Kruger (DESY) – private comm.6/9/2021 11



HCal Tile Size

-> Not much variation
6/9/2021 12



However, improvement for 3 x 3 cm2 vs 6 x 6 cm2 tiles
- particularly for higher energy jets

M. Thomson
arxiv.org: 0907.3577
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Tile-tile gaps?

Tyvek tile wrapping

7.3 mil thick = 185 µm  ->  tile-tile gap = 370 µm

Offset tile layers?

Robotic assembly – pick, wrap, place (+offset?), edges of modules?
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Steel plate thickness variations and 
sampling fraction

19mm steel plates.

Thickness tolerance?

ATLAS Tile Calorimeter

5mm steel plates  
(low Carbon rolled steel)

±0.03 mm single plate tolerance
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SiD Hadron Calorimeter
Factors affecting resolution/performance 

Next:
- Evaluate parameters worth varying in simulation.

- Single particle tests.

- Test effects on jet energy resolution.

- Calibration/validation procedures
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Extra
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Fits to ECal + HCal
energy distributions 
for MIP threshold 0.5 
and 1.0  
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