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• Gain distributions

Saturation correction

• Motivation & Introduction  

• Saturation effects 

• AHCAL linearity and resolution

Summary & Conclusion
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Gain calibration

✓ Gain in terms of physics: is the charge that 

comes out of one fired pixel (and we measure 

it in ADC)

✓ A peak corresponds to a certain number of 

photoelectrons (0 pe, 1 pe) in one SiPM

✓ n = 0 (no photon detected) pedestal

✓ Definition: Gain is the distance between two 

consecutive photo-electron peaks

✓ Spectrum is fitted with multi-Gaussian function 

with a single peak-to-peak distance

Using dedicated LED runs

Gain

SiPM response of one channel 

Gain

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019



Page 4

Gain from May, June and October 2018

Gain distribution - AHCAL

• 2 % global shift is observed between power pulsing (PP) and no power pulsing (No PP)

• The distribution within a ASIC is much narrower

• 95 % of the channels are calibrated individually 

• For 5 % the fit does not work, they are calibrated with chip average values

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

Gain from all the channels RMS of the gains from ASICs

May : No power pulsing

June: No power pulsing

October: Power pulsing

May : No power pulsing

June: No power pulsing

October: Power pulsing
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Gain ratio

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

The gain during the test beam periods were constant

Gain ratio between two run in May Gain ratio between May and June

Problem of HV settings



Saturation correction
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Introduction

• The dynamic range of SiPM is limited by pixel number (2668 

pixels) and finite pixel recovery time (20 – 500 ns)

• Saturation occurs with the multiplicity of large number of 

incoming photons

• It is possible to compare data and MC in two different ways: 

• Data without correction and compare with MC after applying 

the saturation function, 

• or with full reconstruction of data including applying the de-

saturation function, and then compare with MC after saturation 

& de-saturation

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

Need for saturation correction

arXiv:1510.01102

Illustration

SiPM

De-saturated signal= −𝑵𝒆𝒇𝒇 ∗ 𝑳𝒐𝒈(𝟏 − (
− 𝒔𝒂𝒕𝒖𝒓𝒂𝒕𝒆𝒅 𝒔𝒊𝒈𝒏𝒂𝒍

𝑵
𝒆𝒇𝒇

) )

http://arxiv.org/abs/arXiv:1510.01102
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Procedure

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

Selection 

Most sensitive data sets are electrons at high energies and variables sensitive to saturation is hit energy          

for large amplitudes and energy sum to examine the linearity and the resolution of the detector

• The tile selection is performed to choose the region with high hit amplitudes

• The layers with maximum energy deposits are chosen for the study

• Neff  pixels is varied and the effect of  saturation is studied looking at the hit energy distribution by applying 

with and without saturation correction

11

1cm 

3cm 
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Hit energy distribution (in MIPs)

AHCAL Gain and Saturation Calibration | Olin  Pinto | 01st Oct 2019

with and without saturation correction

Without saturation correction

With saturation correction

2533 pixel in good agreement 

• Hit energy distribution produces tail to high energies for layer 7 

and 8 due to lower value of Neff pixels

• Neff pixels = 2533  in MC agree well with data for layer 6 and 9

• Layer 7 and 8 agree with Neff pixels = 2668
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End point selection

How the end point of the 

distribution is selected?

• The distribution of data without 

saturation correction is been 

considered

• Get the maximum of the 

distribution and if the bin’s 

content is less than 10 percent 

of the maximum, then the bin’s 

lower edge is considered as the 

end point

Example of end point selection

?

E
n
tr

ie
s

Hit energy (MIP)
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Correlation of calibration constants to high hit edge
Check if any correlation exists ?

NO correlation observed spread of hit edge in pixels is about +- 100 pixels
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Energy sum distribution
Neff pixels 2533, 2668, 2533+2668

• For Neff  pixels = 2533 the peak sits at the same position but the width of the distribution is much broader

• For Neff  pixels = 2668 and 2533 + 2668 the peak position shift but the resolution is better

Resolution MC   = 2.3 %

Resolution data = 3.6 %

Peak position 

data & MC         = 1.0 %

Resolution MC = 2.2 %  

Resolution data = 2.9 %

Peak position 

data & MC        = 3.9 % 

Resolution MC = 2.2 % 

Resolution data = 3.1 %

Peak position 

data & MC         = 3.1 %

Neff = 2668 Neff = 2533 + 2668Neff = 2533

Neff pixels

Resolution (%) Peak position

(%)

Estimated stochastic 

term (%)
Data MC

2533 3.6 2.3 1.0 30 

2668 2.9 2.2 3.9 25

2533 & 2668 3.1 2.2 3.1 26

• 2533 pixels for all channels

• 2668 pixels for all channels

• 2533 in layers 6 and 9, 2668 everywhere else



Look into global quantities
Energy Resolution and Linearity

Resolution  =  how accurately particles of the same energy can be measured

Linearity = if the response does not change with input energy

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019
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Energy sum distribution in DATA 

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

All available energies

Low Neff pixels leads to broader energy distribution

Neff 2668Neff 2500 Neff 2778
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AHCAL Linearity

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

Reconstructed energy in MIP Linearity of the  AHCAL is tested with different Neff pixels

Amplitude agrees best with 2500 pixels, with 2668 and 2778 pixels data is lower than MC

E [GeV] = a Ebeam +  b 
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AHCAL Linearity after fit 

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

Reconstructed energy in GeV After Linear fit all pixel values agree well with MC
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AHCAL Energy resolution

| AHCAL Gain and Saturation studies| Olin  Pinto | 01st Oct 2019

Resolution of AHCAL at higher energies is better with Neff = 2668 and 2778 compared to others

Resolution =
𝑹𝑴𝑺𝟗𝟎
𝑴𝒆𝒂𝒏𝟗𝟎
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Summary and Conclusion

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Gain:

• The gain for channels of AHCAL is ~ 16 ADC with a RMS of 1.0 ADC. 

• The gain within a chip is more uniform. 

• The gain during the test beam periods were constant.

Saturation:

• There is a SiPM-to-SiPM variation of Neff pixels.

• We cannot determine the values for all channels, instead we determine an average value and 

systematic uncertainties.

• If we choose the average value too low, the energy resolution at high energies deteriorates significantly.

• The linearity is rather insensitive to Neff pixels

• Neff pixels  = 2668 (which is also the nominal number of pixels) is chosen as an average value with +-

100 pixel uncertainty 

THANK YOU
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SPARES

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019
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Describing saturation
Work done by Sascha
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Saturation correction for 2668 pixels

✓ Measurements performed on 

bare SiPM using laser light

✓ Calculated the effective 

number of pixels to be 2533 

which is 10 % less than the 

nominal value (2668) 

Work done by Sascha

Work done by Sascha Krause, University Mainz

https://indico.gsi.de/event/6990/session/5/contribution/21/material/slides/0.pdf

https://indico.gsi.de/event/6990/session/5/contribution/21/material/slides/0.pdf
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De-saturation/applying saturation correction
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Saturated signal/NO correction applied
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RMS90 Calculation

| AHCAL Saturation studies| Olin  Pinto | 22nd July 2019

Concept and Implementation

• It is one of the stable, reliable estimator of the width of the distribution.

• Gets rid of statistical fluctuations in the tails.

• Selects only 90 % of the distribution with smallest remaining RMS.

• Calculates the RMS90 starting from the first bin until 90 % is achieved. 

• Performs similar calculation from the next bins.

• Stores the RMS90 values in a container 

• Does a check over the containers were minimum RMS90 is stored and that is the 

RMS90 of the distribution  
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<Esum> and <Nhits>

• <Nhits> look reasonably good, but 

larger differences observed between 

data and MC for <E per layer>

• Check the saturation effect for layers 

from  6 to 9 ( layers with max Edeposit)

with saturation correction and 

without saturation correction

Layer wise

Run# 61156 Run# 61208

Run# 61156
Run# 61208



Page 26

Layer 6 to 9 
@ position 2

Without saturation correction

Position 1 Position 2

Position 3

Similar behaviour between layers 

observed as before

E
n
tr

ie
s

Hit energy (MIP)
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Layer 6 to 9 
@ position 2

With saturation correction

Position 1 Position 2

Position 3

• Layer 7 and 8 show broader 

distribution

E
n
tr

ie
s

Hit energy (MIP)
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Layer 6 to 9 
@ position 3

Without saturation correction

Position 1 Position 2

Position 3

Layer 9 agrees with Neff pixels = 2668

E
n

tr
ie

s

Hit energy (MIP)
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Layer 6 to 9 
@ position 3

With saturation correction

Position 1 Position 2

Position 3
E

n
tr

ie
s

Hit energy (MIP)
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Layer 6 to 9 
61208

Without saturation correction

Data shows close agreement with 

pixel value 2533
E

n
tr

ie
s

Hit energy (MIP)
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Layer 6 to 9 
61208

With saturation correction

MC shows large difference from the 

data for both the pixel values
E

n
tr

ie
s

Hit energy (MIP)
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Hit energy distribution

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

• But, there is a need to quantify the 

agreement and disagreement 

• So divided it into 4 hit energy regions 

Shape of 

saturation curve Region of interest

Low sensitivity
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Analysis of hit distribution

10 GeV 20 GeV 80, 90 and 100GeV

< 20 < 20 < 20

< 50 < 40 < 300

< 100 < 60 > 300

> 100 > 60 > 400

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Divided in 4 regions

10 GeV

80 GeV

90 GeV

100 GeV

20 GeV
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Kolmogorov Smirnov test

• The Kolmogorov-Smirnov test (KS-test) is a  statistical test of compatibility in shape between two 

distributions

• Gives better results than Chi2-Test in case of histograms with low statistics

• The Kolmogorov–Smirnov statistic quantifies the distance (KS- distance) between two distribution

• The reference value chosen is the MC simulation with pixel value 2668

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Concept and application
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Kolmogorov Smirnov test

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Results 10 and 20 GeV

Sensitivity to saturation is very small at low energies

10 GeV 20 GeV 

Neff pixels

K
-S

 d
is

ta
n
c
e
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Kolmogorov Smirnov test

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Results 80 GeV, 90GeV and 100 GeV

• For below 20 MIPs less influence on Neff pixels

• For the hit energies below 300 MIPs it  

demands to have pixel value of 2448

• For hit energies above 300 MIPs the pixel 

value is at 2600

• For hit energies above 400 MIPs the pixel 

value is 2700

So the best pixel value varies from 2600 to 

2700
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Run list and selection cuts

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Energy

[GeV]

Run number Number of 

hits 

Center of 

gravity Z [mm]

10 61202 55 to 90 100 to 230

20 61296 80 to 150 140 to 240

30 61213 110 to 190 150 to 240

40 61212 140 to 210 150 to 250

50 61214 160 to 240 160 to 250

60 61211 180 to 270 170 to 260

70 61215 200 to 300 170 to 260 

80 61210 200 to 300 180 to 280

90 61216 240 to 320 200 to 300

100 61217 250 to 340 200 to 300

Minimum selection is done to select e- events
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Procedure

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

• Identical selection is applied for data and MC simulation (geant4 

10.03.p02) based on center of gravity and number of hits.

• Wire chamber information is used for data.

• Studied the saturation effects in one cm towers of the AHCAL 

calorimeter

• Varying Neff  pixels ranging from 2448 to 2888 (O~450 pixels)

11

1cm 

3cm 

MC DWC
MC

DATA
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Hit energy distribution

| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

80 GeV electrons

• At first sight all the distributions 

seem to disagree with MC
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<Energy sum> and <nhits>
For pixel value 2533, 2668 and mixed (layer 6 and 9 with 2533, rest 2668)

Pixel value 2533

Pixel value 2533

Pixel value 2668

Pixel value 2668

Pixel value 2533 & 2668

Pixel value 2533 & 2668

Looks good!
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Slope and offset calculation
//=====Pixel value 2778=============//

Chi2 = 3139.11

NDf = 8

Edm = 6.24739e-17

NCalls = 38

p0 = 52.5995 +/- 13.532 

p1 = 42.3991 +/- 0.218088 

//=====Pixel value 2500=============//

Chi2 = 12804.6

NDf = 8

Edm = 5.68754e-16

NCalls = 38

p0 = -58.0537 +/- 27.3301 

p1 = 47.2308 +/- 0.440465 

//=====Pixel value 2668=============//

Chi2 = 1574.79

NDf = 8

Edm = 1.39771e-15

NCalls = 38

p0 = 18.868 +/- 9.58451 

p1 = 43.9306 +/- 0.154468 

//=====MC Pixel value 2668=============//

Chi2 = 101.256

NDf = 8

Edm = 4.82176e-18

NCalls = 40

p0 = -17.7972 +/- 2.43035 

p1 = 47.4045 +/- 0.0391686 
| AHCAL Gain and Saturation studies| Olin  Pinto | 02nd Oct 2019

Offset

Slope
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Gain ratio between 2 TB periodsGain ratio between 2 Runs
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How does the change in pixel value influence the AHCAL energy resolution ?

Performed 3 tests using:

• 2533 pixels for all channels

• 2668 pixels for all channels

• 2533 in layers 6 and 9, 2668 everywhere else

Case study

𝜎
𝐸

𝐸
≡

𝜎

𝜇

For energy resolution:

2 Step iteration with gaussian fit:

• Fit the whole range to get an estimate for mean and sigma

• Fit in a 2 sigma range around the mean to supress the tails


