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How to do

culation method

* Try to calculate threshold and noise by using s-cueve distribution without fitting

* ldeais
« (ODifferential equation of s-curve distribution must be gaussian
« (DGet discrete derivative from occupancy distribution.
e dn(i) =n(i+1)—n()
« (QExpectation of discrete derivative(=mean of gaussian) must be threshold
e Threshold E = YN  x « p(x)

« Noise 6 = Varaiance = \/Z?’zo(xz » p(x)) — threshold?

* parameter
x: injection charge = (i + 0.5) X Vcalstep
p(x):probability to get hits in derivative = dn(i)/n_injections

« What | did this week
 update Std_analysis.cpp for calculation
 and git push to yarr_devel




dated code

| added a code to use calculation method in Scurve_Fitter in Std_analysis.cpp

* calc_sucrve function is come from another code called calc_scurve.cpp and it is included at the biggening
of the code.

std::chrono::high_resolution_clock::time_point start;
std::chrono::high_resolution_clock::time_point end;
start = std::chrono::high_resolution_clock::now():
1f (reverse) {
calc scurve(&x[0],histos[1dent]->getData(),injections,vcalMax,vcalMin,vcalBins, par);
//Murve(n_par, par, vcalBins, &x[0], histos[ident]->getData(), reverseScurveFct, &control, &status);
} else {
calc_scurve(&x[0],histos[ident]->getData(),1injections,vcalMax,vcalMin,vcalBins, par);
//imcurve(n_par, par, vcalBins, &x[0], histos[ident]->getData(), scurveFct, &control, &status);

->Try threshold scan using actual module




 step_size=10

w calculation method work

 Average of 5times threshold scan of HPK quad module
» Threshold and noise value are almost same as fitting results
« Scan time and analysis time are almost same because fitting needs only few seconds

tuning threshold=2000[e]

» Number of failed fit = ccalMax>Thre>vcalMin, vcalMax-vcalMin>Noise>0, fabs(par[2]-/injections-1)<0.1, Chi2>???

Fitting Calculation

V1.1 HPK chip1 chip2 chip3 Chip4 V1.1 HPK chip1 chip2 chip3 Chip4
Threshold[e] 1833%0.9 1853%£19.5 1846%2.3 1958+46.1 Threshold[e] 1834+22.4 1844%1.5 1845%1.6 1962+1

Noise[e] 220.4+0.5 220+0.4 221.8+04 323.4+0.5 Noisel[e] 226.6%+0.5 225%0 229+0 341.2+0.5

Failed Fit 612+12 327+11 824+13 2148+21 Failed Fit 254+5.1 151£10 280+5.3 1404+10
Scan Time[s] 97.699 Scan Time[s] 95.991

Analysis 0.713 Analysis 0.797

Time[s] Time[s]




 step_size=20

w calculation method work

 Average of 5times threshold scan of HPK quad module

* big step_size increase failed fit
* but Both step size=10 or 20 is fine

Fitting

V1.1 HPK

V1.1 HPK

tuning threshold=2000[e]

Calculation

Threshold[e] 1829+1.1 1840+2.3 1841£0.8 1976+1.4 Threshold[e] 1836+17 1841+24 1838%£0.5 1951+0.7
Noise[e] 217+0 217.2+£0.4 219+0 210+0.4 Noise[e] 231£0 228+0.4 232+0.4 3500
Failed Fit 693+9 359+10 943+14 370725 Failed Fit 284+5 1465 320+11 1478+11

Scan Time[s] 52.347 Scan Time[s] 51.805
Analysis 0.771 Analysis 0.790
Time[s] Time[s]
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* This is my last week to stay USA
* thanks for teaching carefully this 10 month!
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Introduction

curve fitting method

» we usually use s-curve fitting to know threshold and noise
* ideal s-curve: Py;;(x) = %(2 —E,f, (

* Error function E,.f, = \/%fxoo exp(—t?) dt

* But this fitting method has issues
« (DUnstable results(=change results in every scan) L
« (@Long calculation time
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[TEST]
Run std-threshold scan 5times in same setting and same data
and compare threshold value in pixel by pixel

mean of 5times scan=953]e]

stddev of 5times scan=32[e]

module threshold has up to 83[e] difference at max.

In time threshold[e] 915+50 998+53 943+50 966+52 943+50
untune 2031 1984 1941 1928 1930




How to do

culation method

* Try to calculate threshold and noise by using s-cueve distribution without fitting

* ldeais
« (ODifferential equation of s-curve distribution must be gaussian
« (DGet discrete derivative from occupancy distribution.
e dn(i) =n(i+1)—n()
« (QExpectation of discrete derivative(=mean of gaussian) must be threshold
e Threshold E = YN  x « p(x)

« Noise 6 = Varaiance = \/Z?’zo(xz » p(x)) — threshold?

* parameter
» X injection charge = (i + 0.5) X Vcalstep
*  p(x):probability to get hits in derivative = dn(i)/n_injections

« Compare calculation results with results from fitting about
« Dldeal s-curve distribution samples
« (@Raw s-curve distribution data from HPK module




Result®

ocessing Time measurement

Make following using gaussian->Use both calculation and fitting method and compare results

« 10,000 different s-curve(n_pixels=10,000)

« (153,600 different s-curve (n_pixels=153,600)
* threshold:2000[e] / noise:150[e]

* injection:100 / measurement range:1000~3000[e] / vcval_step:50[e]
« fitting initialization parameter{threshold, noise, norm}={1000,50,50}

n_pixel ®10,000 153,600
Thresholdl[e] by fitting 1000 1999
Threshold[e] by calculation 1000 2000
Noise[e] by fitting 499 150
Noise[e] by calculation 50 149
Time[s] by fitting 0.77 E\ 11.85
Time[s] by calculation 0.02 <% 0.23

—

>

Results
looks
same

E,,,
Make scurve samples -

Start measuring time

-

Get threshold and noise by
@Fitting
@Calculation
loop by N_pixels

End measuring time

Calculation method
can reduce 98% time




Result@

ange target threshold with fixing window

* 10 times measurement to get mean threshold and standard deviation

« Compare threshold results from fitting with one from calculation

results

2000

1600

Threshold: 1000[e] / noise: 50[e] / n_injections: 100 / step_size: 10[e] / window:0~2000[e]

threshold result[e] standard deviation[e]
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=@—fitting threshold  ==@=calculation threshold =@=—fitting sigma  ==@=calculation sigma

when target threshold is around the right part of window,
calculation results get worse
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Result®

w data analysis

 Get real data from InjVcalDiff_Map.json(HPK Quad module chip?2)
* itis more practical...some pixels are noisy and have no data

« -> check the quality of calculation and fitting

* Results

Threshold[e] Fitting Calculation
Raw Data 1832+20 1866*56

|deal Sample 2000x7.5 2000%6.5
Noise[e] Fitting Calculation
Raw Data 134.2+4.0 198+13

Ideal Sample 149.5+8.4 150.4%5.9
Time][s] Fitting Calculation
Raw Data 25.27 0.14

|deal Sample 25.25 0.13

InjVcalDiff_Map Occupancy

Injection Vcal

6000t

Different output
->Because threshold value get smaller than
target threshold through tuning process

Different output
->Why??

Calculation time is much smaller than fitting!
-~99%




ting Parameter sweeping

 Fit to Raw data(HPK module) with various initializing parameters
* threshold:2000[e] / noise:150[e] /injection:100 / measurement range:1000~3000[e] / vcval_step:50][e]

Threshold[e]xstddev Time[s]->no tendency?
Threshold| 100 500 800 1000 1500 Threshold[e] 100 500 800 1000 1500
e]/noise[e] /noise[e]
20 - Fitting - . 1854+117  1861%73 20 - - - 25.5 14.9
50 - Failed - 1969+85 1866+60 1861+73 50 - - 26.4 18.2 14.5
100 - 1960+13 1866+59 1865+60 1861%73 100 - 12.3 36.2 19.7 14.3
200 1941+£29 1866+60 1866+60 186660 1861+73 200 19.4 45.1 26.1 17.8 16.7
Noise[e]Estddev FailedFitPixel(threshold<1000e or threshold>3000e)
Threshold| 100 500 800 1000 1500 Threshold[e] 100 500 800 1000 1500
e]/noise[e] /noisele]
el i - 194425 195425 .. i
20 Fitting 20 Fitting 162 160
50 - Failed - 213+91 196+16  196+22 50 Failed - 146804 2243 160
100 - 200£18  197+14  1944£28 195418 100 - 2240 2240 2242 163

200 198+17 196+ 14 197+13 196+16 197+14 200 135642 2444 2244 2244 1




o %= C
reshold scan in HPK module 0 h 2

. . c e =5
* Failed Fit Definition _’/,774\7\_)) DHESE, -
: : Chi2D(E5DEMARKEWVWES 21—
 After tuning 2000[e] and use same config ILTHES®
=11\
* data(6567~) | SRR ZED S ZDh
« Mean and stddev of 5times measurement FiledFith' 2 < I B T E DB AD X
* Almost same result... w ~
Vcal range:0~3000][e] Vcal range:0~3000[e]
Vcal step: 50[€] Vcal step: 100[e]
V1.1 HPK chip1 Fitting Calculation V1.1 HPK chip1 Fitting Calculation
Data 6577 6573 Data 6582 6588
Threshold([e] 1846+14 1847418 Thresholdl[e] 1847+19 1847417
Noise[e] 185+£0.4 187+0.4 Noisel[e] 185+0.4 18714
Failed Fit 54 51 Failed Fit 55 50
Scan Time|[s] 154.4 154.5 Scan Time[s] 79.1 79.0
Analysis Time[s] 0.8 0.6 Analysis Time[s] 0.75 0.77




at is Difference?

The way to store data is different

« WMy way
* Push all pixel data from VcalDiff_Map.json to (x=Vcal, y=occupancy)
and fitting altenately
« @StdAnalysis way

* Push 1 pixel data from threshold scan to float(?) x,y
* use x, y data and fit alternately. after that, we update x and y for next pixel

Pushing data to vector and reading data from vector affect processing time a lot?
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V1.1 HPK chip1 chip2 chip3 Chip4
Data 6611
Threshold[e] 1855 1864 1857 2006
Noisel[e] 224 224 226 329
Failed Fit 783 388 1034 3480
Scan Time[s] 98715
Analysis 738 fit with chi2
Time[s]
V1.1 HPK chip1 chip2 chip3 Chip4 V1.1 HPK chip1 chip2 chip3 Chip4
Data 6613 Data 6614
Threshold[e] 1834 1845 1850 1982 Threshold[e] 1835 1844 1847 1963
Noise[e] 221 221 222 324 Noise[e] 227 225 229 341
Failed Fit 622 346 841 3171 Failed Fit 259 169 288 1410
Scan Time[s] 97699 Scan Time[s] 95991
Analysis 713 fit w/o chi2 Analysis 797 Calc w/o chi2
Time[s] Timefs]




» git push origin calc_scrve branch

~bash-4.2% git push origin calc_scurve

sername for "https://gitlab.cern.ch’: tkumakura

assword for “https://tkumakura@gitlab.cern.ch’:

fatal: Authentication failed for "https://gitlab.cern.ch/YARR/YARR . git/”

~bash-4.2% git push origin calc_scurve
"https://gitlab.cern.ch’: thkumakur
‘https://thkumakur@gitlab.cern.ch’:

ounting objectz: 11, done.

e lta compression using up to 4 threads.

ompressing objects: 100% (7/7), done.

riting objects: 100% (7/7), 1.29 KiB | 0 bytes/s, done.

otal 7 (delta 4), reused 0 (delta 0]

remote:

remote: To create a merge reguest for calc scurve, visit:

remote:  https://gitlab.cern.ch/YARR/YARR/-/merge_requests/new?merge request%bBsource branch%5D=calc_scurve

remote:

o https://gitlab.cern.ch/Y&RR/YARR . git

% [ﬂew branch] calc_scurve -> calc _scurve

ommit 8c1dB9bbadhb0797565eadbSech0c 1 191563057
bothor: Taiseil Kumakura <tkumakura@pigwhale.dhcp. [bl.gov>
Fri Sep 16 17:34:07 2077 -0700

calculation method by taise|




KB

void calc scurve(const double *x, const double *hitdata, int injections, int vcalMax, int vcalMin, int VYcalBins, double
double T=0,N=0; //T=threshold, N=noise
int step size =10%(vcalMax-vcalMin) /VcalBins;

//time measurement start
clock t start =clock();

// [Calculation]Start

double x v=0,p=0,T ele=0,Var iance=0,;

for (unsigned j=0; j<¥YcalBins-1; j++] {
x v = J*¥step sizetvca lMink10;

g -784 12 +787 12 @@}void ScurveFitter: :processHistogram(HistogramBase *h)

double chi?= status.fnorm/(double) (vealBins - n_par);

i f (par[0] > wvecalMin && par[0] < vecalMax && par[1] > 0 && par[1] < (vecalMax-vcalMin) && par[1] >= 0
&b chi? < 2.5 && chi? > le-B
&& fabs((par[Z2] - par[3])/injections - 1) < 0.1) {1 // Add new criteria: difference between
FrontEndCfg *feCfg = dvnamic_cast<FrontEndCfg*>(bookie->getFe(id));
thrMap[outer [dent ]->setBin(bin, felfz->toChargeipar[0], useScap, uselcap)):
&& fabs(i(par[2] - par[3])/injections - 1) < 0.1) {
J/chi? requirement is not needed because chi? is meaningless value @ taiei
S/ Add new criteria: difference between 100% baseline and 0% baseline should agree with number o
FrontEndCfg #feCfg = dynamic_cast<FrontEndCfg*> (bookie->getFe(id]);
thridap[outer Ident ]-»=etBin(bin, felfg->toChargel(par[0], useScap, uselcapl):
// Reudce effect of weoal offset on this, don’t want to probe at low wcal
sigMaplouter Ident ]->setBinthin, feCfgz->toCharge(par[0]+par[1], useScap, uselcap)-felfg->toCharg
chilist[outerldent ]->filli{status. frnorm/(doublelstatus. nfev]:
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