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he search for neutrinoless double beta decay with
GERDA: GERmanium Detectors Array
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Neutrinoless double 3-decay experiments

2vBPB: (AZ) > (AZ+2) +2e°+2 v, AL=0

TZV =(1018 _ 1021)y

1/2

OvpB: (A,Z) > (A,Z+2) + 2e” AL=2

@ (MeV)

Experimental signatures:

ED ¢ peak at Qpp=E,y + Eop- 2m
¢ two electrons from vertex
¢ production of grand-daughter
isotope

=3

Discovery would imply:

* neutrino is its own anti-particle,
(Majorana particle)

* absolute neutrino mass scale &
0 500 1000 1500 2000 hierarchy

e lepton number violation AL =2

¢ further new physics beyond the
standard model
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Deep underground laboratory at LNGS - 3400 m.w.c.

18 kg 7°Ge (enriched 86%) + 15 kg "Ge (Phase I)

70 m3 LA~r

Gran Sasso

650 m? ultra pure
water

76Ge detectors were
manufactured in Russia

1"

2 i

Suppression of p-flux > 10° |
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plastic p-veto
clean room with lock

muon & cryogenic .

infrastructure —] y

cryostat, @4m,
with internal

Cu sh

| Ge-detector array
(enriched in 76Ge)

water plant &
radon monitor

part of muon-veto detector i




WLS + Cryogenic PMT:

*several designs under
consideration
*MC in progress

WLS +Cryogenic SiPMs:
sunder preparation for testing in LAr,

*MC shows ~100 noise from 22Th
suppression

Cryogenic SIPMs for direct LAr light
redout:

*VVUV sensitive (128 nm)
Large area (>1cm?)
*MC study just started

UV SiPMs from MEPhI/MPI
can be the possible candidates
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itivity
. Measurements at MEPHI and MPI
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e
GERDA requirements. Task 2: Large area SiPMs
*yield

*electronics

MEPhI/MPI already several years ago produced and
tested SiPMs with area 5x5mm? and FE electronics for .-
astroparticle application <0001
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. +shaper ]
0,002 FWHM:2,5HS .
23-28 october 2007 VI Int.Workshop LIGHT2007 Cooled SiPM matrixes rﬁbdﬁle R
Task 2 seems to be possible to solve too, however
SiPM with area 10x10mm2 and more has significant C; Requires SiPM electrical model
m Electrical signal from SiPM === and precise SPICE parameters
m Frond-end electronics extraction
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Electrical model of a SiPM

R,: quenching resistor
(hundreds of kQ)
C,: junction capacitance

(few tens of fF)

C,: parasitic capacitance in parallel
to R, (few tens of fF, C < C,)
lay: SIPM ~ ideal current source
current source modeling the
total charge delivered by a cell

during the avalanche Q=AV(C,+C,) ! --I -------- 1-

C,: parasitic capacitance due to the routing Firing Other Pafa%ifjc N- total number
of Vbias to the cells (metal grid, microcell microcells gr.'ta . n
few tens of pF) capacianee Of Ce”S 19| SlPM

1) the peak of V,, is independent of RSBL

A constant fraction Q,, of the charge Q delivered during
the avalanche is instantly collected on C,,=C,+C,,.

2) The circuit has two time constants:

. 1,=R C, (fast) where Ctpt=N*[CqCd/(Cq+Cd)]+Cg
- 1, =R, (CH+C)  (slow) for n pixels of Rg>>N*R

Decreasing R:t/ tinITe constant t,, decreases,
the current on R_ increases and
the collection of Q is faster

F. Corsi, C. Mazzocca et al. 10

/
Fast component (geiger discharge) Smponent (pixel recovery)

Important image!
To analyze SiPM waveform one needs to be sure that there are no external network influence

G.Collazuol - IPRDO8 4/10/2008
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Pulses from SiPMs with different topology and quench resistor value (50 Ohm load)

amplitude

6,0x10”7
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as slow
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0,0 2,0x107 I 4,0x107

time, s
N d

| fast where is slow?

0,0

Slow is too slow

amplitude

0,0 2,0x107

Qtotal = Qfast + Qslow
Qiota1 = AU *(Cq + Cy)
Qs.st =AU * C,
Qslow =AU * cd

Tr = Rq*(Cq + Cd)
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IPM electrical mode

UV SiPMs from MEPhI/MPI/Excelitas collaboration (produced at Zelenograd, Russia)
100 micron pixel size (100A type), 1x1 mm?
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Cg'™n Cq*(N-n)
Rg/n Rg/(N-n)
Rs/n Rs/(N-n) - ¢

Our goals:
to predict SiPM pulses from 10x10mm2 and larger device

*to develop appropriate FE electronics
P approp ——> SPICE SiPM parameters
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SiPM waveform analysis
UV SiPMs from MEPhI/MPI/Excelitas collaboration (produced at Zelenograd, Russia)

100 micron pixel size (100A type), 1x1 mm?2

LED 405 nm, tDU'SG_.3.n.3. |
00, 0,1+ y = B*exp(-x/tr) + y0 5
; Light max light mean
l Chi*2/DoF =1.1034E-8 Chi*2/DoF = 1.0295E-8
> 0.2 yo 0 10 yo 0 +0
; 1 > B 0.00461 16.149E-6 B 0.00435 +7.4735E-
< - 0013 1t 110026131 197194 &  819/64083 154821
g _0,4_ E,m i é . / 1
< N nght min /
-06; v ] 1E-3 Ch|"2/DoF = 1.5232E-8
¥ e T T & 20 %0 0 40 40 @ ] 0 +0 ‘
lv U time,rs )I\ 000427 +0.00001 o ”“”""""H""M‘Ml“|mm|
R— tr 70382251  +1.74805
as]A_ Al SIPM pixels fired m
6 70 75 & & 0 0 250 500 750 1000 1250 1500 1750
Time, rs Time, ns
Light of different intensity R, +R, >(10..20)NR,,
From 7. of total number of pixels fired (785kOhm+2kOhm>20%100*50 Ohm)
To total number (and even more) T=R,(C,+Cy)  slow component
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Restoration time, ns
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SiPM restoration time. Double light pulse method.
Comparison of second pulse SiPM amplitude with first one in dependence from time interval
inbetween the pulses
Such me&fgod doesn’t demand strict requirements to SiPM waveform correctness

T T T T T T T (LI S L e B | T

LIGHT MAX Charge integration 25 ns

120 4 chir2/DoF =0.30513

® ] RA2 | = 0.99971 ]
GC) J 4
& 100 ] vo 153.60823 +0.18718 ]
5 { A -154.82526  +0.13935 1
o 1 tr 1.23323 +0 ]
S 80 ]
g ] y = A*exp(-x/tr) + y0 ]
3 ] ]
° 60 < -
S i smaller LIGHT ]
q) - -
2 404 Chi*2/DoF  =0.12033 ]
o 1 RA2 = 0.99987 |

2>
e ] yO0 138.12579 +0.06337 ]
O 20 4 A -138.72352 +0.05169 .
] tr 0.87725 +0.00121 ]
0-""l""l""l'"'l""l'"'l""l""l""l""l""

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2
. time between pulses, us
Light MAX Tr=1233+4ns
Smaller light (but still with SiPM saturation) Tr=877x2ns

However here we observe the similar behavior for restoration time vs light intensity
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Precise SiPM’s SPICE parameters extraction.

We are propose to use for SPICE parameters extraction
method based on network analyzer data
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Precise SiPM’s SPICE parameters extraction

RLC 4287A SiPM in LCR-meter
(network analyzer) — R 0=2mcf
Re(fn) R1g101
Ze(fn) —=c3 Z0
Zd(f)
=~ Cetfn) R2
<
Z.(f) = RS+ X (1) = RAL)+— fé 7y Complex impedanoe
o e . . T
Flttmg procedure' minimization of / E- eexperlmental points, T-fitting function values
(R (0;) =Ry (0] +[ X, (0,) - X (0,)]
®,,..0,, R, R, C ., C,, C,, L L L
Q( 1 N 1 2 1 2 3 ) Z{ RE(a)n)-I-Xé(a)n) }
C? R
R.(0°)=R d R (%) = ! 4R
@)=k (C,+Cy)’ +@’(C,R,C,)"  ,where (@) 1+’ (RC,) ?
C C - (C,+Cy)’ +0’(C,R,C,) (") =C 1+’ (RC,))’
C.(0)=———— - 2 2 d 140> (R)*C,(C, +C,)
r 1-w’LC C,+C+0°Cy(R,C)) 1) =T
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Precise SiPM’s SPICE parameters extraction.
SiPM 1x1mm?, 100u pixel type 100A  Network analyzer

In order to increase fitting accuracy R1 and C2 have been measured additionally.

These values have been fixed during the fitting procedure

B Re
® Xe
— R, (common fit; relative Chi*2; 1/(X"2+R"2))
— X (common fit; relative Chi"2; 1/(X"2+R"2))

SiPM W5N24 type 100A  U=30V|
100 pm 1x1mm? (100 pixels)

Chi*2/DoF =0.00269 -
R"2 = 0.99489
C1 1.9323E-11 +3.7153E-12 1
C2 7.5E-11+0 1
C3 8.5981E-13 +2.3447E-12
7850 0
22.36128 +7.40268 -
5.7622E-9 +1.0554E-9

wo] Y=A+B'X
Parameter Value = Error 1 000 .
A -69,28182 0,69558 E
e I 127,25455  0,14583 4
:
E { &
5
—_ C
. i ~ 100+
L en) | g
0 1 3 4 5 O
Direct voltage U, V cC
- ey @©
1804 p— N \]
wl + C2=75pF (fixed) o
1L, 1404 f=26Hz 1 E 10 E
=120 —e— f=5kHz — by
£'1004
S &0
S oo
404 type 100A, 1x1mnt’
g 1
0 T T T T T T T T
0 5 10 15 20 25 30 35 6
Reverse voltage, V 10

C,=C1/100=190+40fF,
C,=C2/100=750+10fF
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Frequency,

T
10°

10°
Hz

R,=R1*100=785 kOhm, C_=C3~0 =) T,=740%40ns

R=R2*100=2.2kOhm Ls=L=6+1nH

In agreement with waveform analysis
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experiment
It requires developments of:
= VUV SIPM

m large area> 10mm? SiPMs

m precise experimental methods for
extraction of SIPM SPICE-parameters
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