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SiPD schematic structure
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pixels work togetber on commaon oad, so the owt-
put is A sum of the signnls Irom all pixels fired [7T]:
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where € is the photon detoction cficiency. The
LGP topology which B shown on Fig | we will
reler below ns a modification =00,

2. The improvement of the LGP topology
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Silicon Photomultiplier description

1 Sihcon Photomultiphier
(SiPMNM) de=scription

The Silicon Phobtomultpliar (SiPTW] ) is described
in details in r=f. [1—3] Thse SiFLT iz a new
tryrpe of photodstector bossd on gilicon. It is
A commbined product of MEPHL 1 and the » Pul-
sar” enterprise in WMoscow and has bhesn deesl-
opad in cooperation with DESY T In figurs 1
A schamatic view of a SiFPR] ia =hown.
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Fimuires 1: Schomga e vew o a meliipdeal Sl
con Phodommlisplier, e SEiPAL oonerm the araea
cf 1 oo and coneists aof oo fo approdma tely
IP= gilicon micro pixels: The given pival dirman-
sfons are oolv valid for a tofal minchar & pivels
o 3 ra

thiclk deplsticn remon 18 nesdad o collect the
produced paira. Although the individual pis-
2ls are separated from =sach other, there iz still
the poasibilits o hooce optical cernosstalls beabrs=n
the pixals During the active time of one pised
alesstrons are produssd in the Geiger discharges
Thess dactrons produocse photons (LOF photons
Jalectron ), which then can mitiste a discharge
in a neirghboring picesl. TThe photon debsction
aefficiency of 13 - 33 9% in a warvelsngth range
betwean 400 ancd 700 nm and the high gain of
10%° o o working bias voltage of approccimat=ly
&0 WV oprovicds the SIFPLR] with an coutput signal
comparables to that of a coarventicaial vacuum
Fhotomultiplisr tube. It also provides thes pos-
gikbility to resolve the photoslactron structurs of
the output gignal, which i= shown in Agurs 2, 0if
a praam plifier 13 ussd additionalls
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Cxema ycunutens u BkaYeHns gotoamnona
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®opma umnynbca PD ot LED, passeptka20 Hc/kn, 50mB/kn
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Cnektp LED , t=-10

h1_r00411 h1_r00411
Entries 137841
2000 Mean 169
RMS 52.05
1500 v2 [ ndf 1690 / 222
1600 Mu 3.672 + 0.023

Sig_ped 1.974 + 0.030
Pedest 66.61+ 0.03
Delta 14.34 + 0.01
Ampl 8306 + 53.3
Mult 1.74 + 0.01
Sig_pik 1.282 + 0.010

N_eff0=56.5
N_stat= 3.8
N_piks = 7
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50 100 150 200 250 300 350 400 450
ADC , ch




[lbenectan, t=-10
2 | ndf = 327.7 / 45

0.03476 + 0.00132
11.82+ 0.17

2532 + 22.9
3+0.0

100 110
ADC , ch




Noise vs threshould , t=-10




The fit procedure of the SIPM spectra

A The Ht procedure of the SiPPA calibration spoectruinm

T calibrate the SiFPA. it is illuminated by the LETD Hashes. A bvpica SiPM
response spectrum is shown in Fig. 1a. This histogram is it to the commsol ution
of the pedestal spectrum (5 ) obtained with the random trigeer when the LED
is off amed the SiPAM response function (L) to the photons foomm LEDY which will
e dhesceribed later. Thuas its Fourier transform which will be denoted in ©he
Eod Lowar i bow H superscript can be writben as i 5wl R Ammnming the stability of
LEDD amd the pure Poisson distribution of photons detected by SiPM. LF can
e written as

==

F sl - Fry 1 F :
£ EH—II:.F" | e g A L} }.
== L1 .

where PV is the Fourier transform of ©he resporess Lo estact vy one photorn, g is
the averase nurmmber of photons detecbed by the SiPAR . We use the fact that the
responsse oo photons is a convolutions of P oand thoas has a Foarier transform
IZ;’"'-':". e to the interpixel oross-talk one photon can hire rmore than o
prixel, To ddesorilbwe this effect we approxirmabs fol Lo

pF P Lo -rli{';-'l':*' i -rili{"r'l' e ST R ]I:_'{'_r'l'::J‘ = . .. < 1 €
L o & e o gt 1 et F?
where £ desmoribes the oross-talls probalb L. 7F s the Fourier teansform of

the SiPM sicnal distribotion when eocact by one randbormn pisel in it is el T hee
averase nurmber of pixels fired by one phoaton is 1701 — ). As an approsci roation



The fit procedure of the SIPM spectra

of (7 the Liaussian distribution 15 taken. 168 sigma (o), mean (A and also the
cross-talk (e} are the only fit parameters. A iz equal to the distanee between
adjacent peaks in Fig. La. The mumber of photons g is constrained in the fit
by the condition that the average of the histogram in Fig. 1a should be equal
o the average of the background histogram B plus the awrage of L which
s Ap/l1 =€), Here we assume that the averages of experimental histograms
when LED is on and off ave known accurately and do not Buctuate.

If (7 amdl B functions are normalized so that they have unit integrals, the
resulting tormula for the Fourier transtorm of the Gt unetion 15

: G
N B eplp |

]
a7 )

where 0¥ 15 the total number of entries in the histogram. I s found that such
a fit with 3 parameters can describe lavge variety of LED spectra for different
SiFAs, bias voltages and LED intensities.
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OyHKUMS 01g QuTpoBaHus cnektpos SIPM

Double_t fitf(Double_t *x, Double_t *par)

{
Double t

Double t
Double t
Double t
Double t
Stat_t

Double t
Double t

mu
sig_ped2
offset
delta
norm
no0
mult1
sig_pik2

Double_t arg = 0.
for (Double_t n=0.; n<n0; n++)

Double t

Double t
Double t
Double t
Double t

arg=arg+gausi1*poisi;

mean = n * delta + offset;
sigma = sqrt(sig_ped2 + n*sig_pik2);

= par[0];

= par[1]*par[1];

; par[2];
= par[3];
= par[4];

= (Stat_t)par[5];

= par[6];

= par[7]*par[7];

Double _t fitval = arg * par[4];
return fitval;}

/I npe for poisson /I fixed
/I width of pedestal /I fixed
/| pedestalls position //fixed
/I delta = step of picks

// normalization factor

// n —for poisson loop  // fixed

/[ multiplisyti
/I sigma pik**2

/ mean for poisson//

// mean for gaus
// sigma for picks




Cnektp LED , t=+20

h1_r00313 h1_r00313

Entries 135216

Mean 179.2
900 RMS 63.39
800 x2 I ndf 311.7 / 182
Mu 6.77 £ 0.05

700 Sig_ped 3.462 + 0.099

600 Pedest 18.52 + 0.03

500 Delta 12.98 + 0.02
Ampl 5321+ 73.0
400 Mult 1.674 + 0.013

1.373 + 0.025

N_eff0=7.8
N_stat=6.6
N_piks =12

Sig_pik

300

200
100

100 200 300 400 A‘E)Q? ¢h




[lbepecran, t=+20
x2 | ndf 638.2/ 58

Mu 0.3089 + 0.0065

Delta 1.7+ 01
Ampl 1452 + 13.9
Sig_pik 1.8+ 0.0

100 120
ADC , ch




Cosmic spectra

oka_d2
N_eff0 = 27
N_stat = 23
N_piks =43

O 200 300 400 500 600 700 800 900 1000




Noise vs threshould , t=+20




Noise vs threshould , t=-10




Ceetoauon, OKA nnactuk Xapbkos, PD_1, U=38.5B

h1_r00313 h1_r00313

Entries 135216

Mean 179.2
zltle RMS 63.39
800 v2 | ndf 373.8/184
200 Mu 6.474 + 0.050
Delta 12.8 + 0.0
600 Ampl 4872 + 81.2
Mult 1.746 + 0.016

500 Sig_pik  1.593 + 0.028
N_eff0=7.8
N_stat=6.6
N_piks =12

400
300
200
100

100 200 300 400

500
ADC , ch




CnekTp ot kocmukn, OKA nnactuk Xapbkos, PD_1, U=38.5B

oka_d2
N_eff0 = 27
N_stat = 23
N _piks =43
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Entries 82913
Mean 132.1
RMS 54.07
v2 | ndf 1230/ 259
Mu 4.196 + 0.027
Delta 12.74 + 0.02
Ampl 3055 + 54.0
Mult 1.916 + 0.012
Sig_pik 1.717 + 0.035

N_eff0 = 5.6
N_stat = 4.6
N_piks = 8.9

50 100 150 200 250 300 350 608 450



oka_d2
N_eff0 = 28
N_stat= 23
N_piks = 44

100 200 300 400 500 600 700 800 900 1000




Entries 60692
Mean 93.3
RMS 31.49
v2 | ndf 337.8/124
Mu 6.123 + 0.049
Delta 7.791+ 0.013
Ampl 4646 + 86.2
Mult 1.493 + 0.012

Sig_pik  1.019 + 0.021

N eff0=7.5
N_stat =6.3
N_piks =10




h2_148_160

oka_d2
N_eff0 = 21
N_stat =17
N_piks = 28




[lo3nums P1

h2_r00149

=
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oka_d2
N_eff0 =19
N_stat=16
N piks = 25
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[lo3nums P2

h2_r00154

5

oka_d2
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N_eff0 = 21
N_stat =17
N_piks = 27
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[lo3nums P3

h2_r00155
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oka_d2
N_eff0 = 20
N_stat =17
N piks = 27
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[lo3nums P4

h2_r00157

oka_d2
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N_eff0 =19
N_stat=16
N_piks = 25

100
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[To3unumng - LeHTP

h2_148_160
- oka_d2
- N_eff0 = 21
50 N_stat=17
M N_piks = 28
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Bervaia cvrHama v evelleHa Ha oyope +39B:

1. 23 dporoanekToHa m
2. 43 dootorwka

Avrwiypoa cviriiaia: 200 mBHa 1 MIP

Llim Ha nopore 8 dooTorvikos (5 oTONNEKTIPOHOB):
1.0 Hz v Temneparype +20 rpaoycos
0.1 Hz o Temnepatype -10 rpaoycos

Marepva cLyHIVIITOpA ! NC- XapbukoB
OnHopopHOCTL: 2-3% o mnowaay 120x120mv **2
BookHo : Y11 ovamerpom 1M

SiPM — cvwwxoHOBbM (OOTOYMHOXUTES C [pa3MejoM
Kocrama 1ximm - 2

Yosuwrers : NE55390

34




