


IntroductionIntroduction
The SiPM response is non-linear and depends on operating voltage
(V-Vbd) and temperature SiPMs need monitoring( bd) p g

In the AHCAL physics prototype we use an LED-based monitoring
system that can measure the full SiPM response function in each
h l ( LED it d b PIN f d 18 i till t til )channel (one LED monitored by a PIN feeds 18 scintillator tiles)

Since the present monitoring system is rather elaborate, one may
ask if the system can be simplified in a full ILC calorimeterask if the system can be simplified in a full ILC calorimeter
without sacrificing stable performance (<1%)?

This requires a characterization of the SiPM response curvesq p
that can be determined with a few reference measurements

During the 2006 testbeam program we took 4 runs recording the
f ll PMfull SiPM response

We are analyzing this data to extract essential characteristics
of the SiPM response curves to address above question
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of the SiPM response curves to address above question
shape, saturation point,...



Analysis Procedure Analysis Procedure yy
Use run type ahcPMVcalibScan and extract SiPM & PIN diodeUse run type ahcPMVcalibScan and extract SiPM & PIN diode
values from LCIO files (pedestal events are now included) values from LCIO files (pedestal events are now included) (p )(p )

Gain correction and intercalibration is taken into account hereGain correction and intercalibration is taken into account here

Pedestal subtraction is based on pedestal events from beam runsPedestal subtraction is based on pedestal events from beam runs
that weretaken shortly before or after Vcalib run that weretaken shortly before or after Vcalib run 

W l l t f SiPM & PIN f h V lib l & l tW l l t f SiPM & PIN f h V lib l & l tWe calculate average of SiPM & PIN for each Vcalib value & plotWe calculate average of SiPM & PIN for each Vcalib value & plot
SiPM vs PIN correlation (SiPM vs PIN correlation ( “uncorrected” SiPM response curve)“uncorrected” SiPM response curve)

R sc l PIN v lu s t f rc initi l sl p t b n nd st rt tR sc l PIN v lu s t f rc initi l sl p t b n nd st rt tRescale PIN values to force initial slope to be one and start at aRescale PIN values to force initial slope to be one and start at a
common origin (common origin ( “corrected” SiPM response curve)“corrected” SiPM response curve)

Small negative sipm/pin values occurring for low Vcalib valuesSmall negative sipm/pin values occurring for low Vcalib valuesSmall negative sipm/pin values occurring for low Vcalib valuesSmall negative sipm/pin values occurring for low Vcalib values
are set to (0,0) in fits to different modelsare set to (0,0) in fits to different models

Compare 4 runs from August & October for all modules 3Compare 4 runs from August & October for all modules 3 1515
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Compare 4 runs from August & October for all modules 3Compare 4 runs from August & October for all modules 3--1515
(we have left out modules 1 &2)(we have left out modules 1 &2)



Saturation Curves for Module 13, 5Saturation Curves for Module 13, 5--6 6 
Compare 4 runs from August & OctoberCompare 4 runs from August & October

Saturation curve after pedestal subtraction, PIN & gain correctionSaturation curve after pedestal subtraction, PIN & gain correction

Saturation curve after adjustment to common origin with slope oneSaturation curve after adjustment to common origin with slope oneSaturation curve after adjustment to common origin with slope one Saturation curve after adjustment to common origin with slope one 

August runsAugust runs
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August runsAugust runs
October runsOctober runs



Saturation Curves for Module 5, 5Saturation Curves for Module 5, 5--6 6 
Compare 4 runs from August & October Compare 4 runs from August & October 

Saturation curve after pedestal subtraction, PIN & gain correctionSaturation curve after pedestal subtraction, PIN & gain correctionp gp g

Saturation curve after adjustment to common origin with slope oneSaturation curve after adjustment to common origin with slope oneSaturation curve after adjustment to common origin with slope one Saturation curve after adjustment to common origin with slope one 
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August runsAugust runs
October runsOctober runs



Spread of Endpoints in Different Runs Spread of Endpoints in Different Runs p pp p
Difference between maximum Difference between maximum 
and minimum and minimum ΔΔ value of SiPM value of SiPM 
response endpoint for the 4 runsresponse endpoint for the 4 runs

Spread of endpoints from 4 runs Spread of endpoints from 4 runs 

response endpoint for the 4 runsresponse endpoint for the 4 runs

Distribution peaks at ~10 pixelsDistribution peaks at ~10 pixels
but has long highbut has long high--side tailside tailbut has long highbut has long high side tailside tail

need to understand thisneed to understand this

FWHM ~ +13FWHM ~ +13 --10 pixels10 pixelsFWHM  13 FWHM  13 10 pixels10 pixels

Relative spread by normalizing Relative spread by normalizing ΔΔ Relative spread of endpointsRelative spread of endpointsp y gp y g
to to average of 4 endpoint valuesaverage of 4 endpoint values

Peaks is ~1%Peaks is ~1%

Relative spread of endpointsRelative spread of endpoints

FWHM is ~1%, but distributionFWHM is ~1%, but distribution
has very long tail on high sidehas very long tail on high side
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The long tails need to be The long tails need to be 
understood and possibly reducedunderstood and possibly reduced

[%][%]



Spread of SiPM Response Curve Endpoints Spread of SiPM Response Curve Endpoints 

This represents the variationThis represents the variation
i SiPMi SiPM FWHM 200 i lFWHM 200 i l

Measured endpoints in saturation curve   Measured endpoints in saturation curve   

in SiPM responsesin SiPM responses

The distribution peaks nearThe distribution peaks near
900 i l & h t il900 i l & h t il

FWHM~200 pixelsFWHM~200 pixels

~900 pixels & has a tail on ~900 pixels & has a tail on 
lowlow--sideside

Th FWHM i 200 i lTh FWHM i 200 i lThe FWHM is ~200 pixelsThe FWHM is ~200 pixels
σσ ~ 85 pixels~ 85 pixels

Th SiPM h 1024 i lTh SiPM h 1024 i lThe SiPMs have 1024 pixelsThe SiPMs have 1024 pixels

We need to understand the We need to understand the ~100 pixel shift and the large spread~100 pixel shift and the large spread
(i d t l bt ti t bi ?)(i d t l bt ti t bi ?)

from run 300723from run 300723

(is pedestal subtraction too big?)(is pedestal subtraction too big?)

Since the measured endpoint may not correspond to the trueSince the measured endpoint may not correspond to the true
saturation value (nonsaturation value (non zero slope at endpoint) we are exploringzero slope at endpoint) we are exploring
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saturation value (nonsaturation value (non--zero slope at endpoint), we are exploring zero slope at endpoint), we are exploring 
different fitting modelsdifferent fitting models



Parameterize SiPM Response FunctionsParameterize SiPM Response Functionspp
The idea is to fit SiPM response to a function and extract the The idea is to fit SiPM response to a function and extract the 
saturation value from the fitsaturation value from the fit

We have started with 3 model distributionsWe have started with 3 model distributions

11 zero slope at endpointzero slope at endpointf (x) C 1 exp( ax)( )1.                                  1.                                  zero slope at endpointzero slope at endpoint

2.2.
  
f (x) = C 1 − exp(−ax)( )
f (x) = C 2 − exp(−ax) − exp(−bx)( )

3.3.
  ( )
  
f (x) = C 2 − exp(−ax) − exp(−bx2)( )

In first model C yields saturation value if slope is ~ zero at EP,In first model C yields saturation value if slope is ~ zero at EP,
otherwise saturation is underestimatedotherwise saturation is underestimated

To extract saturation value for latter two models is complicatedTo extract saturation value for latter two models is complicated
as it varies between C and 2C as it varies between C and 2C depending on slope (not corrected)depending on slope (not corrected)
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We are further looking into more refined functions We are further looking into more refined functions 



Fit Saturation Curves of Module 5,5Fit Saturation Curves of Module 5,5--6 6 

f(x) = C 1 − exp(−ax)( )
  
f (x) = C 2 − exp(−ax) − exp(−bx)( )

Hi h d t i t li i t tiHi h d t i t li i t tiHigh data points lie in saturationHigh data points lie in saturation

Single exponential provides a Single exponential provides a 
good fitgood fitgood fitgood fit

Fits with 2 exponentials or Fits with 2 exponentials or 
exponential plus gaussian do notexponential plus gaussian do not
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f (x) = C 2 − exp(−ax) − exp(−bx2)( )
p p gp p g

yield an improvement (values foryield an improvement (values for
C and a are similar in all 3 fits)C and a are similar in all 3 fits)



Fit Saturation Curves of Module 13,5Fit Saturation Curves of Module 13,5--6 6 

f(x) = C 1 − exp(−ax)( )
  
f (x) = C 2 − exp(−ax) − exp(−bx)( )

Hi h d t i t t iHi h d t i t t iHigh data points are not in High data points are not in 
saturation, observe nonzero saturation, observe nonzero 
slopeslope
sin le exp nential d es n tsin le exp nential d es n tsingle exponential does notsingle exponential does not
give good fitgive good fit

Fits with 2 exponentials orFits with 2 exponentials or
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f (x) = C 2 − exp(−ax) − exp(−bx2)( )
Fits with 2 exponentials or Fits with 2 exponentials or 
exponential plus gaussian do exponential plus gaussian do 
betterbetter



Fit Saturation Curves of Module 14,5Fit Saturation Curves of Module 14,5--6 6 

f(x) = C 1 − exp(−ax)( )
  
f (x) = C 2 − exp(−ax) − exp(−bx)( )

Here the 2Here the 2--exponential or exponential or 
exponential plus gaussian fit do exponential plus gaussian fit do 
not provide a good descriptionnot provide a good descriptionnot provide a good description not provide a good description 

Need modified functionNeed modified function
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f (x) = C 2 − exp(−ax) − exp(−bx2)( )



Fit Results for C Fit Results for C 
Distributions of measured Distributions of measured 
endpoints and endpoints fromendpoints and endpoints from
fit d l 1 ( ti l)fit d l 1 ( ti l)

f (x) = C 1 − exp(−ax)( )

fit model 1 (one exponential)fit model 1 (one exponential)
are similarare similar

Measured distributions seemsMeasured distributions seemsMeasured distributions seemsMeasured distributions seems
to be shifted up by order 10to be shifted up by order 10
pixels wrt C from fitpixels wrt C from fit f (x) = C 2 − exp(−ax) − exp(−bx)( )

C distributions for fit models C distributions for fit models 
2&3 are hard to interpret, 2&3 are hard to interpret, 

need to muliply C by factorneed to muliply C by factorneed to muliply C by factorneed to muliply C by factor
( ) at x=x( ) at x=xmaxmax

We need to explore and  We need to explore and  f (x) = C 2 − exp(−ax) − exp(−bx2)( )W pW p
understand large spread understand large spread 

In model 3 distribution seemsIn model 3 distribution seems

G. Eigen, Paris, 08.10.2007
12

better behaved better behaved refinerefine
fit functionfit function



Conclusion and Outlook Conclusion and Outlook 
The procedure of adjusting SiPM response functions to common The procedure of adjusting SiPM response functions to common 
origin with slope one after individual gain correction looks origin with slope one after individual gain correction looks g p gg p g
promising (promising ( procedure procedure needs fineneeds fine--tuning)tuning)

Measured endpoint distribution and fit result from 1Measured endpoint distribution and fit result from 1--exponentialexponential
h bl f i h h dh bl f i h h dshow reasonable agreement for saturation, though measuredshow reasonable agreement for saturation, though measured

endpoints are shifted up by ~12 pixels wrt fitted endpointendpoints are shifted up by ~12 pixels wrt fitted endpoint

P k f di t ib ti 100 i l l th #SiPM i lP k f di t ib ti 100 i l l th #SiPM i lPeaks of distributions are ~100 pixels lower than #SiPM pixels, Peaks of distributions are ~100 pixels lower than #SiPM pixels, 
and spread (FWHM ~ 100 pixels) is rather large and spread (FWHM ~ 100 pixels) is rather large needs furtherneeds further
explorationexploration

We need to understand nonWe need to understand non--vanishing slopes at endpoint, improve vanishing slopes at endpoint, improve 
fit model to deal with different shapes near endpoint, and fit model to deal with different shapes near endpoint, and 
d t i thd t i th 22 t l t th fit litt l t th fit litdetermine the determine the χχ2 2 to evaluate the fit quality to evaluate the fit quality 

We will look at saturation curves in 2007 runs (increase statistics)We will look at saturation curves in 2007 runs (increase statistics)
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We will try to extract parameters from one run, apply them toWe will try to extract parameters from one run, apply them to
to data of another run and see if we can reproduce the shapeto data of another run and see if we can reproduce the shape
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Saturation Curves for Module 14, 5Saturation Curves for Module 14, 5--6 6 
Compare 4 runs from August & OctoberCompare 4 runs from August & October

Saturation curve after pedestal subtraction, PIN & gain correctionSaturation curve after pedestal subtraction, PIN & gain correction

Saturation curve after adjustment to common origin with slope oneSaturation curve after adjustment to common origin with slope oneSaturation curve after adjustment to common origin with slope one Saturation curve after adjustment to common origin with slope one 

August runsAugust runs
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August runsAugust runs
October runsOctober runs



Saturation Curves for Module 6,5Saturation Curves for Module 6,5--6 6 

f(x) = C 1 − exp(−ax)( )
  
f (x) = C 2 − exp(−ax) − exp(−bx)( )

Hi h d t i t li i t tiHi h d t i t li i t tiHigh data points lie in saturationHigh data points lie in saturation

Single exponential provides a Single exponential provides a 
good fitgood fitgood fitgood fit

Fits with 2 exponential do notFits with 2 exponential do not
yield an improvement (values foryield an improvement (values for
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f (x) = C 2 − exp(−ax) − exp(−bx2)( )

y p (y p (
C and a are similiar in all 3 fits)C and a are similiar in all 3 fits)



Saturation Curves for Module 15, 5Saturation Curves for Module 15, 5--6 6 

f(x) = C 1 − exp(−ax)( )
  
f (x) = C 2 − exp(−ax) − exp(−bx)( )

H h dH h dHigh data points are not in High data points are not in 
saturation, observe nonzero saturation, observe nonzero 
slopeslopepp
single exponential does notsingle exponential does not
give good fitgive good fit
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f (x) = C 2 − exp(−ax) − exp(−bx2)( )Fits with 2 exponential do betterFits with 2 exponential do better



Results for aResults for a
In the distribution of the In the distribution of the 
exponential fit, a peaks at~1.2exponential fit, a peaks at~1.2

f(x) = C 1 − exp(−ax)( )
p pp p

and FWHM is ~0.4and FWHM is ~0.4

For distribution of the 2For distribution of the 2--For distribution of the 2For distribution of the 2
exponential fit, a peak is exponential fit, a peak is 
shifted to ~1.6 and FWHM isshifted to ~1.6 and FWHM is
~0 6~0 6

f(x) = C 2 − exp(−ax) − exp(−bx)( )
~0.6~0.6

For distribution of exponentialFor distribution of exponential
plus gaussian fit a peaks atplus gaussian fit a peaks atplus gaussian fit, a peaks atplus gaussian fit, a peaks at
~1.4 and FWHM is ~0.45 ~1.4 and FWHM is ~0.45 

W d t l k tW d t l k t f (x) C 2 exp( ax) exp( bx2)( )We need to look at We need to look at 
correlations among the correlations among the 
parameters parameters 

f (x) = C 2 − exp(−ax) − exp(−bx2)( )
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Fit Results for bFit Results for b
f(x) = C 2 − exp(−ax) − exp(−bx)( )

  
f (x) = C 2 − exp(−ax) − exp(−bx2)( )

In 2 exponential model b values near zero indicate good In 2 exponential model b values near zero indicate good 
description by onedescription by one exponential model (see spike at zero) mostexponential model (see spike at zero) mostdescription by onedescription by one--exponential model (see spike at zero), mostexponential model (see spike at zero), most
probable value is ~0.05probable value is ~0.05

In exponential plus gaussian model peak is ~0 01 distribution isIn exponential plus gaussian model peak is ~0 01 distribution is
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In exponential plus gaussian model peak is ~0.01, distribution isIn exponential plus gaussian model peak is ~0.01, distribution is
narrow with FWHM at ~0.01narrow with FWHM at ~0.01


