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“~4Measurements Setup
+ Samples
+ Fitting Procedureses
+ Results

4+ Conclusions

+The results presented are preliminary.
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IN N

L Motivation Q
SEae Multt -pixel Geiger-mode photodiodes (G-APDs)

= 5 used in calorimetric detectors.The crucial point is:
e ‘The Photon Detection Efficiency

Every detector can only convert a certain percentage of
incident photons to signals. This overall efficiency is
dependent on factors such as the surface reflection, fill
factor, quantum efficiency and amplification probability. It
is depending from A. [PDE = QE « eyeom * €ceiger

QE is the quantum efficiency of G-APD function of the wavelenght

€seom.lS geometrical tactor  €Geiger 18 the probability to trigger a Geiger

+ Comparison 1n same experimental conditions of

various samples from different manufactures
Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 3



+ Flll factor The percentage of detector’s surface
h anre_a f__Wthh 1S sensitive to photons
_— * SFO: With multiple avalanche regions on a
- s1ngle device one avalanche process may create

photons that trigger another cell. The result 1s a
pulse with doubled amplitude

+ After-pulsing. When the quenching does not
completly drain all the charges in the sensitive area
the cell will fire again a short time after the original
pulse. This 1s caused by so-called charge-traps in
the avalanche region, which capture single charges

and release them again after a while.
Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 4



b g
i e
| et
* ..‘___.. 5

NEN
L/ o) Measurement Set up

Thermahzed box
+ Reference PMT
"(A T ~0.1°C) | g
HAMAMTSU H5783P calibrated efficiency for

- L"“—E A =380-650nm

e reference | 4 Filters FWHM + 3nm.
=

+ optical filter

+ Optical Fibers: 50 um core

xyz table

+ OpticalConnectors:
superFC/PC

4+ To estimate and correct for

IS S [ R different optic coupling and
ot | | - |
é% P> ] reconnection systematic error
other measurements with

crossed fibers are also done
Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 5
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TaBLE II. — [1] Sample kindly proved from Prof.M.Danilov,[2][Sentistive area octaganal shape,

-"*;;-f:i [3]Sample kindly provided from Dott.C. Piemonte(Fondazione Bruno Keller)

a,;_ Sample Type Photosensive area Number of pixel Pixel pitch
[mm?| [p1m]

HAMAMATSU  S10362-11-025U 1x1 1600 25x%25
CPTA[1] 143 1.028[2] 556 43x43
IRST[3] 2007 prod 1x1 400 50x50

20x zoom in

Eugeny Tarkosky
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-5 TABLE 1. — Efficiency of reference detector PMT-based photosensor H5783P. Values provided on

the used device as provided from the manifacture Hamamatsu[l]. Efficiency values used[2].

A epci[1] FWHMs1:cx FWHM.ouree €0 e
(nm) [%] (nm) (nm) %]

380 23.46 + 8 22.98 ~72
400 22.69 + 13 22.75 *oio
450 20.33 + 3 20.33 0%
500 15.45 + 3 15.45 Tho2
565 + 30 530 301
600 2.30 + 3 2.30 Tolo
650 0.28 + 3 0.28 *om
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INFN F it Procedure: Reference

L/ driciadan ) Direct measurement, no amplification

[

S¥-

wavelenght 450nm g = 1. 84+ () 33
g & o000 | T[T B
T = 1.84e+00 3.28e-01
0 1.04e+02 2.50a-01
T T ] - 5 5.63a-01 1.33e-01
N(zx)= N x Z (Gauss(x, fin, o) x Poisson(n, A)) ! 2000 23600 343001
- 3 A (v 2 2 | | |
const x e En{ﬁ. /nl 1f’crn exp{-(x pn} f(2a:'rn) }) o—t = o
charge [ADC counts]
Hn = o TN X g x is the charge in ADC counts

n 1s the number of photons detected

A is the mean number of the detected photons

gain g in units of ADC counts

05 =05 +nx o} n detected photons electronic noise (op) signal fluctuation (o)
Single photon width
Due to ADC resolution === sjonal ampification

Simonetta Gentile, LCWS10, 26 3 arch 2010, B¢€ijing,China.
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b "f‘?fa”f y F it Procedure : Reference

:

p wm_
= E .
. E 1400 - Reference PMT noise E
= TR 4 100 E
== #*Reference PMT o :
o 600 =
a2 [ T T g T T T T T T T T T s00f =
% -IJIH}E— Referenee PMT signal _: Iﬂﬂf— _E
. - . fig~ 00 om0 0 20380
3000 — \ — charge[ADC counts|
200 : Noise(x) = G (x-8/2)+G, (X)+G, (x+5/2)

3 )= 1.71% 0.02

S e ORTEC NIM amplifier
N(x)=N x Noise x Poisson(n,\)

Wavelenght 450nm PMT gref evaluated — 20. 33+O 27 -0. 28%

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 11



(O Fit Procedure &
~ « = Silicon PhotoMultipliers

“’Ideal case N(z) =N x Z (Gauss(x, ftn, o) x Poisson(n, \)),

mn

4+ Real situation

—

+ Termogeneration

— +After-Pulse

| +Cross-talk
G-APD reponse:

A=G x N, xPDE x (1+¢) x (1L + AP)

/>

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 12
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(L il it Procedure.

-« Silicon PhotoMultipliers
S +Hamamatsu MPPC:
7 ; S10362-11-025U G ~3.4 10°

I
100 120 140 160 180 200 220 240

g A count] depending fOm gate lenght ]

b

+AfterP1;?e

g S Reference G-APD pedestal — Gate = 65 ns

LI s

1w’ = Q 10|

| (#)) =
-
1 S

q>) 107

10 ] -

100 150 200 250 300 350 400 450 500 [ [ [ [
charge| ADC counts| UIIEII —t '150' —t l?DUI —t '250' EE— 300

charge [ADC counts]
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INFN After Pulse Qi

Re&duaI dlstrlbutlon after a substraction of best-fitted 1deal
¢ ' gaussians from the signal spectrum

* Pnc:-AP PD (1 o PAP)i R B
< -
. =gt
P 1s probability to get initially 7 cells fired F% ]‘
O
R~
Pap 1s a probability to get an AP l ;_+3tﬁ
+ P =1 P = PP s (1- (1- Pap)') [

4 P¥ = PP Pl (1P YIXEBN + POx(1-(1-P ) I(1-P M, i1 charge [ADC counts]

Double gaussian approximation for the after —pulse contribution
0, , distance from gaussian simulating AP from main peak

P(z) = PP % Gpi, 03) + PAY < G + 61,01) + P2 % G + 62, 02)

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 14
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After Pulse fit

Flt Pr_@cedure yelds:

Q .-' robablllty tO get 1 0 pedestal position... 1 0Zes02 0. 00ws00

R 1 gmin...... . D dEme0l 2. 08maD2

cells fired. TEES EiE
+ After Pulse probability:: [

g

su-L t"" B_1Ea+00 Z.Z6@=-01
J Z.68e-10 9.5la-0Z
3T ﬂm A Y. 6 B9a400 1. %6a-01
BJn-:- th‘lb 1.58g-01  5.02a-03
1 izn = Z.20a-01 b B7e-03

llgnbrmalizatlon[Z] ...
112 mormalizatlon[3d] ...

. 3dm-D1 1 Z4e-03
i 1. Bfe-03

Events/bm

107 |:1 normalization[d] ... 1 01e=-03
14 mormslizatlon[5] ... N 6. 13e-04
A F ~ 15 !;0 ( 65 nS gate) - | 15 normalizatioo[6] ... e He=04
B I 1€ pormalizatian[T]... 1.0%= o
i 17 mnoremlization[®] ... lul-l:lll
';.J_ t 18 nmormalizatioo[®]... 1. 45a=0% 4 e G
we | geoger L .

charge [ADC counts]
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+Jn 1dea1 case without cross-talk the value of

PO are distributed according Poisson statistics

Peak 0 - from P(0)
Peak 1 - from P(1) without xtalk:

X P(1)x(1-€)
Peak 2 - from P(2) without xtalk and P(1) with 1xtalk

X X—X

X P(2)x(1-€)*+P(1)xex(1-¢)
Peak 3 — from P(3), P(2) and P(1)

X X—X X X—=X—-X

X X X—X

X P(3)x(1-€)*+2xP(2)x(1-e)xe+P(1)xe’x(1-€)

ZPD e)etIB(i—1,j — 1),

Binomial coeff.

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China.
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: o 1 DZes02 0, Olm+00
o 2 _dEw40l  F O8wm=DE
e T A0EH0r 0, DO&+I0 |
N ﬁ 1.3Tusl0 2. BOm-02
- I B 4le-01  4.0%5a-03
oI 1. 2%a+01 1.11a-01
T lr: N T B_18a+00 Z.ZEm-01
e AW E 2.68a-10 9. 5le-02
e » 6. 59et00 L, Pde-01
i B 1 B9a-01 &, 02e-03
e 2.80a=01 5.87e-03
i [ JAa-01 3. 24e-83
I a-01 1. Bfe-03
167 = | 13 8. RE
- (=3 4, =04
- P mz Z.1%a =0
B | I =] 1.95%a -2
- |17 e .. 5,97 2 e 0d
- } 18 pormalization[®].... 1.456-0% 4 _S4eioz
T ,J_[ L ﬁ‘?iﬂ: :?g 1, HIZI 1 | | | 1 ,
100 o k1]

charge [ADC counts]

TR I TR T T NN TR T SR [ S
z 4 L]

Peak number

Cross talk fit

+N, = 1.550.02
+Xtalk = 0.20 + 0.01
+1-AP = 0.84 £ 0.01

Probability to observe 1 fired
cells obtained from signal fit

Exercise:
NYPMT:1.71/O.2033 =8.4
PDE= NY/ NYPMT ~ 18 %

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 17
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systematics 1s the
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SR Photon detection results

PDE

7-7'1__':-':..[.,0f0 AL '—: S10362-11-025U MPPC
18 ¢ HAMATSU - Hamamatsu
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HOTOMN DETECTHIMN EFFICIEMCY
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=
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=
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E
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6

,||||||||||||||||||||||||||||||||: WANELENGTH (i)
150 400 450 500 550 600 650 G~2.75 *10°

Anm] Including AP and xtalk

] 2 =~
] - %
T 20K = i LKl PHY 1}
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5 lellllll:— = 2 3s00F .
L 18000 s G-APD pedestal 3 v = G-APD signal ]
£ = 3 é 3000F- 3
= lﬁlll)ll:— = = - .

14000 — 2500 —
12000 E 2000 E
10000 = — C ]
8000 3 ISIIIl:— E
6000 = = 1000F- =
4000 3 c ]
2000E- = S0 E
0 E | S T RSN TURT N N TN NN N NN N ; 0 - T W I I 1

100 120 140 160 180 200 220 240 100 150 200 250 300 50 400 450 S00
charge| ADC counts| charge| ADC counts|
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) signal G ~4.7 *10°
- | | . g F

100 tG-APD pedestal g = -
§ § -E (1 =

1Da§- E W =

10? ;E E; 10* §—

1ok ol

100 150

L1}1] 150 20 50 I 350 400 450 500
charge[ADC counts|

-

2[?:25 rge[ADC counts]

N(z) =N x Y (Gauss(x, fin, 0n) x Poisson(n, A))const x ey, (! 1/o_exp{-(x-1 /(20 )})

+ Termogeneration — ~ 30% our timing
Real

R atioh: + After-pulsing—minor compared to Termogener.

4+ Cross-talk —much lower than Hamamatsu
Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 21
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CPTA

ADC counts

Gain vs HV E

15IIII|IIII|III |IIII|IIIIIIIII|IIII|IIII|IIII|III
30 30.5 31 31.5 32 32.5 33 33.5 34 34.5 35
Voltage | V|

Gain vs HV

=N I I I I ]
5t CPTA :
Q :
Q B ]
< :
30F ]
zsf—

201 Gain vs HV
]ii—uulumlu Ly [ ——

30 30.5 31 31.5 32 32.5 33 335 3 345 'H
Voltage | V]|
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+ Ignoring
N Thermogeneration
o contribution.
CPTA

+ AP considered as a

"

g [ S b o correction term taking
= iR cme sy .

S | fdmmon IR A in account AP and TG
SRR b e

> o dratnal DL ieeae Tanen

W el N + Low crosstalk value

|

a0 = 160 300 * NO SCHSitiVity tO

charge [ADCcounts] — ~rqgstalk in the fit
Preliminary results

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 23
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AT e .
P PDE
‘

:.-a"\_.--;.-" I|III|III|IIIIIIIII rrrprrrprrirp T
4 —

251-450,565,600nm at V=32.5V
£500,600nm at V=32.7V

20

15

10

440 460 480 500 520 540 560 580 600
Anm]

*Similar results extrapolating all point at 32.5V
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© 0.8

0.6 :
(’: dir connect

n.-'_IIIIIIIIIIII|IIII|IIII|IIII|
30 30.5 31 31.5 32325 3

||||I||||I||||I|||ﬂ
YR ey PDE extrap| %]

~i T ™ *565nm
e | 21.15 £0.23
1 19.05 +0.22
e 7 *450nm
[,_6:_ \=565nm 5.90 £ 0.05
: X connect : 5 23 iOOS

IIII|IIII|III|IIII|IIII|IIIIIIIIIIIIIIIIIIII
30 30.5 31 31.5 32 32.5 33 315\:‘:-:[:;5“3'5 ile, LCWS10, 26-30 March 2010, Bei‘

Only statistical error

PDE vs HV

As test:

at 32.7V
PDE extrap ~ 10.14 £0.08 error on
A=600nm PDE meas=10.07+0.09 % wavelenght

=0.64:0.02
_m=0.55£0.02 32TV 32 SN e

Not included

[ | | I T TT T T[T T T[T T [TTT
- PDE/PDE,_; vs HV

A=450nm

dit connect

| | | | | |I||||I||||I||||I|||.3

0 30.5 31 31.5 32 32.5 33 33.5 34 345 35
Voltage [V]
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L el CPTA Crossta

s Eo noise
.:E aag
s =
-z z. Average x-talk
8 a0l 4] % 1.23e+03 0. 00=+00
= S ° T.16es01  6.07e-02
‘\m 20 ) Z.72es+00 O.00e+00 o 1.7 %
ey LE " 3.28e:00 9. 80a-02
fon 1|21:: Tl4o 160 180 ZI:II:II ’ 'zzl-:i TR '25!':: “ieo '31 ; . B0e-01 1.32e-02
- 3.4%a+01  Z.00m+01
- a 2. 5Ba+d0  4.16m-01
Charge [ADC COllntS] ~ 7 normalization( 6.73e-01  7.14a-03
1,&'\-‘_— normalization[l].... .BIe=01 3.73a=03
- normalizationf2].... 17 8, 75a-04
o da ectizationgal. ... - Z.28e-04
115 : 270
P adr LT R ] 2B %[
P 7 — P &S T 8 DSEET : ‘IEIEI — ZI!III'.'I — I 25I'D —
n.6 wi 0. 01350 & 8053565
. o.5887 3 . e charge [ADC counts]
0.5
+ Thermogeneration taken in
0.3

. 1 account
M,,_,.,,,,...................u..-. o + Asymmetric shape AP

(dP/dx ~ (G-x)Y) v=1/ (o T -1)
T trap life time

Peak number 2
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A TR Conclusion®
= +Est1mat10n of PDE based on LED response
measurements on Hamatsu and CPTA G-APD.

+ ¥ procedure including individual AP and cross
talk

+ Systematic error:

+ Different fibers for reference and test detector.Neglegible

+ Reconnection of fibers. Weighted mean over several mesaurements
after reconnection

+ Fit procedure: weighted mean over serveral mesaurements for
different light intensities

+ Possible improvement of fit procedure

Simonetta Gentile, LCWS10, 26-30 March 2010, Beijing,China. 28



