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Nonlinear function of PSD from TB Analysis
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Introduction of PSD
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 Geometry of PSD:

• Two PSD assembled

• Framework: nylon66

• Size: 45 cm * 1 cm * (3 ~ 5 cm)

• PSD is covered by ESR film (65 nm).

• Ten SiPMs on each PSD 

• 6 chs with high gain & 4 chs with low gain 

Large SiPM Small SiPM

Ch4     0      1      2      3
-21.3  -18   -15   -12    -9   cm

Ch8     7      6      5      9
9      12     15    18    21.3cm0



Setup and data of SPS IONs
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 Run summary (position: movement along X):

• Hadron (330 GeV/n) in position: 0 mm (center)

Beam Profile of SPS IONs

Width of PSD



Process of Beam Test Analysis
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Raw data of beam test (muon, e, proton,ion)

Pedestal calculation and subtraction

Event selection

Charge reconstructionHit position

Nonlinear effect

Ion beam

Attenuation Function

Run 205~225: 150 GeV muon with 
different hit position

Response of SiPM

Birks’ Law

 1. Select the particles with different charges (reference detector SCD_INFN, PD..)

 Calculate the PathLength and sADC/PathLength

 2. Fit the distribution of PSD sADC/PathLength for different charges and get MPV

 3. Fit the 2D plots of MPV and referenced charge, get the correlation function.



Event selection: PD & SCD charge
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Data: All ion data in SPS

1. Both PD & SCD have signals

2. SCD area(-1.5<x<1.5, -3<y<1.5)

3. Chi2 of SCD track fit: <10

4. PD signal quality cut: 

nPDConsistent==6 && 

nPDAboveThresh>4 && 

casisTime>100



Event selection: coarse selection
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• Use three quadratic 
function to describe 
the band area.

• In each point Z_PD:
[Z_SCD-2, Z_SCD+2]
[Z_PD-0.5, Z_PD+0.5]

Z_PD

Entries

Z_PD

Entries



Event Selection: fit of PD charge
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Z_PD

Z_PD Z_PD

Z_PD

En
tri

es

En
tri

es
En
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es
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 Use gaussian function to 
fit the mean value and 
sigma



Event Selection: fine selection
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 Events with charge up to 60 can be selected. 

• Z ∈ [1,12]: Z_SCD (manually)&& Z_PD+-0.3;

• Z ∈ [13,60]: only Z_PD +- 0.3 

• Z ∈ [13,20]: only Z_PD +- 0.3

• Z = 21 , the peak is bad, reject this charge.

• Z ∈ [22,45]: only Z_PD +- 0.3 (peak of Z_PD 

has about +0.2 offset.)

• Z ∈ [58,60]: only Z_PD +- 0.3 (peak of Z_PD 

has about -0.2 offset.)



Final selected events
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Final event selection requirements:

1. Both PD & SCD have signals

2. SCD area(-1.5<x<1.5, -3<y<1.5)

3. Chi2 of SCD track fit: <10

4. PD signal quality cut: 

nPDConsistent==6 && 

nPDAboveThresh>4 && 

casisTime>100

5. Coarse selection

6. Fine selection



Alignment of detectors
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Beam Profile of 
SPS Ion 

(reconstructed by 
SCD_INFN)

Distribution of hits 
with the 

requirement of 
PSD signals

Width (short) of PSDHit position X vs sADC(PSD)



Distribution of track
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Distribution of track with the 
events selected by SCD and PSD

PathLength [mm]

Slope_X
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Beam profile of the final selection



Distribution of sADC/PathLength
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 Data: Run 552 ~ 
605 (gain of SiPMs
are same.)

• sADC: the raw 
sADC value of 
SiPM with pedestal 
subtraction

• PathLength: The 
pathlength of 
particle passing 
through the PSD, 
calculated by the 
SCD track.



Distribution of sADC/PathLength and Fitting
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Fitting function:

• Pre-fit the distribution with gaussion
function and get the coarse value of 
mean.

• Fit the distribution with range around 
the coarse mean value.

• MPV is got.



Result (PSD0 ch0, 4, 5, 9)
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Current fitting function:
𝑦𝑦 =

𝑝𝑝𝑝 ∗ (1 − 𝑝𝑝𝑝 ∗ 𝑒𝑒𝑒𝑒𝑒𝑒(𝑝𝑝𝑝 ∗ 𝑥𝑥)
− (1 − 𝑝𝑝𝑝)𝑒𝑒𝑒𝑒𝑒𝑒(𝑝𝑝𝑝 ∗ 𝑥𝑥)) + 𝑝𝑝𝑝

A new function combined with 
Birks Law, nonlinear of SiPM
and saturation of electronics will 
be tested.



Result (PSD1 ch0, 4, 5, 9)
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Current fitting function:
𝑦𝑦 =

𝑝𝑝𝑝 ∗ (1 − 𝑝𝑝𝑝 ∗ 𝑒𝑒𝑒𝑒𝑒𝑒(𝑝𝑝𝑝 ∗ 𝑥𝑥)
− (1 − 𝑝𝑝𝑝)𝑒𝑒𝑒𝑒𝑒𝑒(𝑝𝑝𝑝 ∗ 𝑥𝑥)) + 𝑝𝑝𝑝

A new function combined with 
Birks Law, nonlinear of SiPM
and saturation of electronics will 
be tested.



Summary
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 Several strict cuts are applied to select events with precise charge.

 Channel 0,4,5,9 are used to fit the nonlinear function.

 New function combined Birks Law, nonlinear of SiPM and saturation of electronics will be tested 

for the final function.



Backup
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sADC/PathLength (Z=1) in CH 0 and 4
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Channel 0 Channel 4
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Introduction of PSD
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 Geometry of PSD:

• Two PSD assembled

• Framework: nylon66

• Size: 45 cm * 1 cm * (3 ~ 5 cm)

• PSD is covered by ESR film (65 nm).

• Ten SiPMs on each PSD 

• 6 chs with high gain & 4 chs with low gain 
46 cm

High gain Low gain

Ch4    0      1      2      3 Ch8    7      6      5      9



Setup and data of PS
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 Run summary (position: movement along X, central pos 150 mm):

• Muon (5 GeV) in position: 0, 75, 150, 225, 300 mm

• Electron (3 GeV) in position: 75, 150, 225 mm

• Electron (1, 2, 3, 4, 5 GeV) in position: 150, 225 mm

• Pion (10 GeV) in position: 150 mm

Beam Profile of PS

Limit of PSD movement
4         0         1        2         3                                                           8        7        6       5 9

0 mm 150 mm 300 mm



Setup and data of SPS
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 Run summary (position: movement along X):

• Muon (150 GeV) in position: 0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300 mm (no SCD_INFN as reference)

• Muon (250 GeV) in position: 285, 255, 225, 195, 15 mm (no SCD_INFN as reference)

• Electron (197.27 GeV) in position: 300, 195, 65, 75, 45 mm

• Proton (300 GeV) in position: 15, 285 mm

• Electron (243.48, 149.12, 49.99, 99.83, 20… GeV) in many different positions

Beam Profile of SPS



Setup and data of SPS IONs
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 Run summary (position: movement along X):

• Hadron (330 GeV/n) in position: 150 mm (center)

Beam Profile of SPS IONs



SCD impact rgion
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Aligment of detectors
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PathLength [mm]

Slope_X
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Beam profile of the final 
selection





PD Z peak offset



psd_adc - PD_Z

All Ion run run after 552



Attenuation
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 SiPMs of ch 1, 2, 3, 6, 

7, 8 (type:6050) are 

able to calibrate the 

attenuation function.

 SiPMs of ch 0 and 5 

(type:3015) are also 

could be used for 

calibration in such 

gain.

 SiPM of ch 4 and 9 

(type:1315) can not be 

used for calibration.



Distribution of ADC
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Distribution of ADC
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ADC

En
tri es

Pedestal calculation and subtraction
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 The pedestal is calculated with calibration runs (RN: 

82,83,94,98,101,227).

 The distribution of ADC in each channel is fitted with Gaussion

Function.

 The gains of small SiPMs are changed from run 205.

 Use different pedestals for run < 205 or run>=205.

Pedestal of 20 SiPM

Example of fitting.

Run 205 Run 205

Run 205 Run 205



Event selection by SCD_INFN
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Log10(chi2/ndf)

En
tri

es

Distribution of log10(chi2/ndf) in core and side

 Distribution of hit position with:
• Chi2/ndf < 10
• ADC of 6 large SiPMs > 200

X/cm

En
tri

es

Alignment along X 
axis run by run to 
improve the result.

 Tracks reconstructed by SCD_INFN need to be selected to have good qualities.

 Define regions with the X and Y reconstructed by SCD_INFN:

• Core: Region -2.5<X<2.5 && -22.5<Y<22.5 (cm)

• Side: Region out of core 

 Distribution of chi2/ndf (SCD track fitting result) is drawn.

 Events will be selected with requirement chi2/ndf<10. 

 This cut will be used to improve the result. (not used now)

Core
Side

Distribution of SPS hit position in X axis.
X

/c
m

Y/cm

X
/c

m

Y/cm



Nonlinear effect
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 Nonlinear effect is studied with SPS ions.

 Channel 3 and channel 8 are not used in SPS ion runs.

 Requirement of SCD track: -3<Y<3 && -1.5<X<1.5

 Fit the Low-Z part with linear function f1

 Fit the whole plot with nonlinear function f2

 Simply evaluate the nonlinear effect of SiPM in a 
specific hit position (center).

 Effect of both Birks’ Law and Nonlinear of SiPM

TProfile

Sqrt(ADC) vs Charge from SCD

f2

f1



Bottom level reconstruction of ADC
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ADC value of SiPM

Pedestal subtraction

Assume the saturation is only correlated 
with SiPM nonlinear (approximation)

Correct the ADC: ADC
SCD_Z (f2) unsaturated 

ADC (f1)

Correct the ADC with attenuation function

Original ADC

f2

f1

Hit position from 
other detector



Preliminary result of nonlinear effect
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Limit of PSD movement4       0      1      2      3                                              8      7      6      5       9

150 mmHigh Gain
Low Gain



Charge/hit position reconstruction
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 Process of charge reconstruction (without the measurement of SiPM response):

• Construct the relationship between mean value of original ADC vs SCD_Z (based on ion beam)

• Reconstruct the charge of a single SiPM with the reconstructed original ADC

• Averaged charge of the 8 SiPMs (part of SiPMs, based on high Z or low Z)

 Study of hit position reconstruction:

• 𝐴𝐴𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐
𝐴𝐴𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐

= 𝐹𝐹(𝐿𝐿𝐿)
𝐹𝐹(𝐿𝐿𝐿)

,  where ADC is the corrected unsaturated ADC, F(x) is attenuation function and 

L1+L2 is a constant.

• Hit position could be reconstructed by a pair of SiPMs.

• Average of 5 reconstructed hit positions.

Limit of PSD movement4       0      1      2      3                                              8      7      6      5       9

0 mm 300 mm150 mm

L1 L2
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PSD0
Ch0

PSD0
Ch1

PSD0
Ch2

PSD0
Ch3

PSD0
Ch4
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ADC ADC

ADC ADC
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PSD0
Ch8

PSD0
Ch5

PSD0
Ch6

PSD0
Ch7

PSD0
Ch9En
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ADCADC

ADC ADC ADC
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PSD1
Ch0

PSD1
Ch1

PSD1
Ch2

PSD1
Ch3

PSD1
Ch4En

tri
es

ADC

En
tri

es

En
tri

es

En
tri

es

En
tri

es

ADCADCADC

ADC
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PSD1
Ch8

PSD1
Ch5

PSD1
Ch6

PSD1
Ch7

PSD1
Ch9

En
tri

es
ADCADC

ADC ADC ADC

En
tri

es

En
tri

es

En
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es

En
tri

es
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Event selection by SCD_INFN
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Log10(chi2/ndf)

En
tri

es

Distribution of log10(chi2/ndf)

 Definition of region:

• Core: Region -2.5<X<2.5 && -23<Y<23 (cm)

• Side: Region out of core 

 Events will be selected with requirement chi2/ndf<10.

X/cm
En

tri
es



Function between photons and charge
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 The response of SiPM:

• Convert ADC to number of photons

 Correct the number of photons with attenuation function

 Fit the function G(x) between sqrt(corrected photons) and charge 

from SCD_INFN.

Need To Do



Hit position reconstruction
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 Hit position reconstruction:

• 𝑅𝑅𝑅(𝐴𝐴𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐)
𝑅𝑅𝑅(𝐴𝐴𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐)

= 𝐹𝐹(𝐿𝐿𝐿)
𝐹𝐹(𝐿𝐿𝐿)

,  where R’(x) is the inverse function of SiPM

response, F(x) is attenuation function and L1+L2 is a constant.

• If ADC is not saturated, 𝐴𝐴𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐
𝐴𝐴𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐

= 𝐹𝐹(𝐿𝐿𝐿)
𝐹𝐹(𝐿𝐿𝐿)

could also be used.

• Hit position could be reconstructed by a pair of SiPMs.

• Average of 5 reconstructed hit positions.

Limit of PSD movement4       0      1      2      3                                              8      7      6      5       9

0 mm 300 mm
L2L1



PS SPSSCD_INFN击

中位置的x，

y分布(没有

用直线斜率

外推的坐标)
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Processes of PSD Reconstruction
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ADC counts for single 
photon: spe_adc = adc/PE

ADC0&ADC1 from 
two ends of PSD SiPM

Non-linear function of 
SiPM func2

ADC counts with the correction of func2
tmp_adc= func2-1(ADC/spe_adc)*spe_adc

ADC counts of 
MIP: adc

Energy deposition 
of MIP: EMIP

Energy deposition with func2
E0 = tmp_adc*EMIP/adc

Light attenuation func1
Reconstructed hit 

position x0

Energy deposition with the correction of Birks law

Energy deposition with func1
Etot = E0[0]/func1(x0)+E0[1]/func1(l-x0)

Birks law
Reconstructed 
Path Length L

𝐴𝐴𝐴𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑥𝑥=𝑥𝑥0)

𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓(𝑥𝑥=𝐿𝐿−𝑥𝑥0)
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