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First results: error budget (November 2018)

OBJECTIVE:

characterization of backscattering of ’s

e Detection threshold as a function of E, and Ginc
e Validation and constraints for GEANT4 simulations

Source Uncertainty Adg, (1072)
background false coinc. 8% =el
proton detector calibration 0.2% 2
detector position 1 mm <1
source position 3 mm 3
source radius 3 mm 1
B field homogeneity 1% <1
silicon dead layer 0.3 pm 5
mylar thickness 0.15 pm 3
positron backscattering 10% 15
threshold 12 keV 8
total 19
\
HOW TO ACHIEVE IT:
_/
F. Cresto
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* Reproduction of the experimental set-up and
measuring conditions with GEANT4
» runs taken with different E_and 6__

~ varying models for backscattering computation

e Convolution of simulations with the response function

of the detector

* Comparison of the continuum of  spectrum
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Experimental set-up - 2019

* Source *°Sr:
zaxis > QB=O'546 MeV
= ~ Monoenergetic electrons via B field

> Collimator (radius = 0.2 cm)
- E_=0.7-1.8MeV

5 cm Scintillator

* Cavity:

2.44 cm > Air (no vacuum)

:::::::}:::::::::::::: 0.01 cm g Trigger on e-
1.1 em - plastic scintillator
........ \ SN PM1 - 100 pm thickness

>+ 2 optical guides coupled with PMs

Electron trigger with optical guides and PMs

WISArD Collaboration Meeting Caen, 19" March 2020

F. Cresto




Experimental set-up - 2019

* Cavity:

S cm Scintillator

> Plastic scintillator (rotatable)
-radius = 1 cm
-length = 5 cm

— collecting data with different
electron incident angles

2.44 cm
-------- !- sasmsssssnans 0.01 cm
......
1.1 cm PM1
........ ) A
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Plastic scintillator fixed on a rotatable support

WISArD Collaboration Meeting Caen, 19" March 2020



Data acquisition - energy spectra

Energy spectrum at 6 = 0°

§ %; Legend
. . © [ [E,=0.7MeV
« 13 runsvarying 0.7 MeV < E_< 1.8 MeV at different [ E; = 0.8 MeV
. . o - [E.=1.2MeV
incident angles with respect to the scintillator S °
(0°,20°,40°) el
* Reconstruction of the QDC spectra ol
* Gaussian+poll fits in good agreement with the data |
0: I |5(|)0‘ I |10‘00‘ o ‘15‘0()' I ‘20‘0(‘)‘ o HZS‘OO
#CH
Energy spectrum at 6 = 20° Energy spectrum at 6 = 40°
£ 10 2
2 | Legend 2 10°H7] Legend
ot . © H Dégino.s MeV
[Ee M| [JEc=1.0M
10°H] C (B OE=12M
H| U 0% [Eg=1.4M
102§— 102?
105 10;—
} ]
07 5(|)0 I 1 0‘00 I 1500 20‘00 | 25‘00 0_ 500 1000 I 1 5‘00 20|00

#CH

F. Cresto WISArD Collaboration Meeting Caen, 19" March 2020




Geant4 - experimental set-up

Source 2°Sr:

v Circular source of radius = 0.2 cm in x-y plane
(reproducing collimator)
v Monoenergetic e

. . L 10° events generated
v e emission along z axis

Set-up geometry:

Scintillator

[ Support
structure

v Simulations performed in air

v Possibility to rotate the scintillator to study the
effects of the different e incident angles

Trigger —

Backscattering angles are defined with

y axis
respect to the positive z axis in the zy plane
=% Dbackscattering angles > 90°
Backscattered e’ _
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Geant4 simulation - E_ =1 MeV, 06 =0°

TRIGGER
Energy deposited in trigger by backscattered electrons Total energy deposited in trigger
u, i S W R
2 C ntri s =
S o, S| |8 | e Peakat 20 ke o
e R 10° 5 s=100 pm @ E_=1 MeV
10% = - 0 . . ) g e-
= =0.1% of incoming e i
B . . 4]
n — backscattering in -
5 trigger negligible il
10— ]
= 10% =~
B ol
1= ;
:\ L1 ‘ L1 ‘ I | Lol N L1 | ’_H_|I_|—‘ ‘ I’_HJI_‘ 1 IH\ 1 ‘ N 1 \H L1 1; | | | | L L L L | L | | | ‘ | | L L "_d‘_‘ "_l‘_ﬂﬁ‘ ‘ﬂ‘ L L | | | | | ‘H‘ L L
0 0.05 0.1 0.15 02 0.25 03 035 04 0.45 0 01 02 03 0.4 05 06 07
Energy deposited [MeV] Energy deposited [MeV]
Energy deposited in scintillator by backscattered electrons Scintillator Total energy deposited in scintillator
Energy spectrum i) 6 —
g F Entries o e £ 19 £ Energy spectrum
3 - M 0.584 S = | Entries 991806
8 - SDev 02102 © L[| Mean 0.9624 Energy peak lower sy
- 10 E1sdbev 007735 ] than 1 MeV because
P ol of trigger+air
=2.2% of incoming e’ -
L backscattering in ECal 10° -
10 = -
= 10% =
L 10 =
L n L L L 1 ‘ E L ‘ L L
° o o oe %% Energy deposited [MeV] 0 0.2 0.4 08 O-BEnergy deposit
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Convolution exp. data - simulation

Configuration: 6 = 0°, Ee = 1.0 MeV

e Simulation performed by varying the g
algorithm used for backscattering § 1w Logend
computation (EM_opt4, Single Scattering, C|| Ooert
Wentzel-VI, Goudsmit-Sounderson...) 107 = 98
; E:ic;lv(\e/ggg;lisics
~ nel
* Convolution of the simulated spectra with 10— M IRIEE
the detector response function ol Al e :
1 =] ” ;
e Superposition of experimental and o b :
simulated spectra ""iii e a0 e00 so0 ioo0 1200 E 4007600 #0;4
S— e
v ] Configuration: 6 = 0°, Ee =1.0 MeV '
GS MSC model reproduces data better 3 - E%Q‘E'ga‘a
' B oRy! :
Simulations performed for all ® and E_ DL ﬂ :
Simulation curves systematically o bl
underestimate the continuum N S iy 5
background 5 ﬁ#ﬁ; ;
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Convolution exp. data - simulation

Configuration: 8 = 0°, E(g =1.2MeV

Contiguration: 6 = 0°, r:(9 =0.7 MeV i [ p———r——
g 105? Legand glzalgev ggig 8 gl:algsv ;ggg CONDITIONS
TE [ * Two examples for each 6 (0°,
3 |
o [Jos 20°, 40°) reported
oF  All simulations performed
1' IS(JJ_DI ‘ 1'({(')0‘ = islt)d 2000 2500 3000 3500 4000 /SR L T | With MSC Goudsmith_

Configuration: 8 = 20°, E‘a =1.0 MeV - Sound erson mOdEI

Configuration: © = 20°, E‘a =0.8 MeV

8'E  Logena Yoar 3| 8 Sid Dov__ 6515
wE o daa RESULTS
wl flos * No significant differences
between higher and lower
o "4y energies
" il AN || I R I | A 1‘‘z,uo”‘1‘0'09"'1'5'06 m"‘za‘od‘"ﬂ'zﬂdm"Hél'od'"'usld"imoo

e Seems to be a better

Configuration: 8 = 40°, E‘a =1.4 MeV

] Configuration: 6 = 40°, E‘a =1.2 MeV e e F e I"ep Tro duction With lower
F0E Lugend wewr, tema] °'E vogena angles (at a given energy)
10 DExp data 10 % HExp data
) wk ||as . . .
o * Systematic discrepancy just
“F before the energy peak
o : " — geometry reproductigp?
. USRS TR TY] YNTINN | B R
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Convolution exp. data - simulation

All simulations re performed / Point source — e emitted in a cone with esprea .= 16.7°

by considering —

the spectrometer geometry

Mylar foils and spectrometer collimator reproduced

Scintillator

Support
structure

Trigger.

C_I— Collimator

™ 2vmylar foil

—  1*mylar foil

Spectrometer
collimator
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Convolution exp. data - simulation

Example:
« E_=1MeV, 6=0°

* 10° events generated
* GSMSC model implemented

Counts

—
<2
\

102

10

Legend

[|Exp data

[ |Without collimator
|With collimator

F. Cresto
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Counts

10

Counts

LOG SCALE

~ Legend

[JExp data
[JWithout collimator

- [JWith collimat

200 400

1 1 | I I
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| | 1 1 | ‘
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Energy [MeV]

1 | 1
800

LINEAR SCALE

Legend
25 [|Exp data
[JWithout collimator
20 [With collimator

New simulations
better reproduce
experimental
spectra
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New tests to be performed - ongoing




New tests on e backscattering

New tests on e- backscattering will be performed at CENBG
Experimental set-up and DAQ system — mounted and available for data taking

* Box of Al 5x5x5 mm
* Source may be placed at
the different z positions
e Collimator r=1 mm

Detector collinear
with the z axis for

the time being Source

(expected _ (2Bi) * Trigger 200 um
upgrade: Detector < * Vacuum
rotation) (SiPM)
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New tests on e backscattering

New tests on e- backscattering will be performed at CENBG
Experimental set-up and DAQ system — mounted and available for data taking

Decay Mode: EC, ﬁ* Half-Life: (11523 +1)d

Auger-L 5.2 - 15.7 53.8

Auger-K 560 - 88.0 2.8 g

oo-K-1 4817 152 2

Igc-L-1 553.8 - 557.7 0.440 6 * Box of Al 5x5x5 mm
ec-M-1 565.8 - 567.2 0.15 2

ecK2 8008 0003 1 * Source may be placed at
ec-K-3 9757 7.03 13

[ecta 1047___-_1ost 184 5] the different z positions
ec-M-3 1088 - 1061 054 7 .

ecK4 1682 002 1 Source e (Collimatorr=1 mm
f+max 806.5 0.012 2 (27Bi) .

prav 383.4 .

X-ray L x 918 - 158 332 14 ; mgger 200 um

X-ray Ka s 742 58.19 24 .

X-rax Kp x 844 - B76 16.22 25 Both e- and Y m

v 328.11 0.00076 8 )

v Annih 511.0 0.0024 4 emitted

v 569.70 97.76 3

v 897.8 0.131 6

v 1063.7 74.58 49

v 1442.2 0.131 2

v 1770.2 6.87 3 @

F. Cresto WISArD Collaboration Meeting Caen, 19" March 2020




Results tests SiPM $13360-13/02/2020




Experimental set-up

The apparatus to be tested is composed of two separate parts to be assembled:

v Hamamatsu module C12332-01 (driver circuit)
v Hamamatsu MPPC (SiPM) S13360-60CS
— 50 um pitch
— 6.0x6.0 mm effective photosensitive area
— 14400 pixels

Module C12332-01

— S
~

The tests have been performed by means of two
different experimental set-up: ‘

o Monoenergetic e beam (E_ < 1.8 MeV)

SiPM 13360-6050CS

° LED source (E > 1.8 MeV)




Experimental set-up

Monoenergetic electron beam LED source

Discriminator +
QCD FASTER

Discriminator +

o QCD FASTER

SiPM

Plastic
scintillator

SiPM

photpns

Led source

LTI e e e




Experimental set-up

The SiPM output signal can be displayed on the oscilloscope
— useful for amplitude measurements

D03 12046, CH53047259: Mon Feb 10 23:25:08 2020
T s0.0%/ 2 0. 0s 100,02/ Stop 38,70
T KEYSIGHT

TECHMOLOGIES

U5E dewvice installed as “fusk/Transcend".
Cursors

+132.000m +0.0%
DC 1.00:1 DC 10.0: 1




QDC spectra - Electron beam

Energy distribution - electron beam

OBS: ~ QDC spectra i L?ﬁ‘ix
4| | 1.0 Me
v 6runs, 0.8 <E < 1.8 MeV R N 1.2 MeV
e = 1.4 MeV
+ Gaussi i Tiaked
Gaussian peak shapes NI 0
v Energy calibration — linearity - J
1022 L
: | (el
10 5 \ e I ‘
ugauss vs E, - ELECTRON S H||‘h|1‘||... HIimmlmwmmm!MHU“Ilﬂ‘h'h!hl x10°
= 3_ x2 / ndf 0.3717 / 4 0 500 1000 1500 2000 2500 ane CSE;OO
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o5 g )
- 8 §98°r'\'nﬂ%¥
- ey
21 = L1 Mev
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15 10
&
- e
0.5 ! | |
- 101 ! N L N | |
P 10° SR H||‘h|1‘u.‘. Hﬂﬁhmmmwmwwh!lu“J”Jlllﬂ‘h'h!h.l x10°
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uauSS[CH]
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Energy-amplitude calibration

E vs Amplitude

¥ / ndf 0.3148/4
5’ 6_ Prob 0.9888
g L po ~0.00405 + 0.3308
E : pl 0.004644 + 0.001186
S
4
- LINEAR
B DEPENDENCE
3_
2
i
O_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600
A [mV]
« E vs A — linear dependence
D" lected P £ 1.8 MeV LED source needed to have
oBsS:;* Vatacollecedup tokE, = 1. € B data at higher equivalent
« Highest E_achievable with e spectro — 1.9 deposited energies and define
MeV the saturation point

(poor statistics)




Tests with the LED source

Additional tests have been performed with the LED source
by varying the signal amplitude

l

The correspondent energy values are given
by the Energy-Amplitude calibration (linear fit)

E vs Amplitude

E [MeV]

Legend
[JEtectrons
|Led source

o
III\|II\I|I\II|\III|IIII|I\\I|IIII‘II

11 11 |
200 400 600 800

| | 11 1 11 1 | 11 1 | |
1000 1200 1400 1600
A[mV]

o




QDC spectra - LED source

Energy distribution - led source

§104 :_ nggnd\}amplitude)
- £ O28om
OBS: + QDC spectra - ggggmg
v 5 runs, by varying the amplitude e | m
290 mV <A <950mV : |
102
v Correspondent energy |
1.34 MeV <E _, < 5.10 MeV ol |
v Gaussian peak shapes R I N0 I L T T I
0 500 1000 1500 2000 2500 3000
QDC CH
Energy distribution - led source
?,104 ;— nggnd\;amplitude)
- 1485 my
i 1800 mv
10° 7950 mv
102;—
10;— '
E | \ | x10°
0

Il 1 I L 1 1 1 1 1 1 1 1 L 1 L 1 1 1 1
500 1000 1500 2000 2500 3000
QDC CH Q



Saturation point

The amplitude of the LED source has been varied in order to spot the saturation point

|

Signal saturation begins at 1.6 V

D=01204G, CN33047253: Wed Feb 12 153:46:13 2020
0.0s 100.08/ Trig'd

USB device installed as "fush/DISK_IMG".

Clear Meas

~-

Fraq(1): Pk-Pk(1]): Arpl(1]:
1.71V

Mo edoes

The correspondent value of energy saturation can be computed
via the energy-amplitude calibration @



Tests with the LED source

The saturation point (A=1.6 V) corresponds to E = 7.4 MeV

E vs Amplitude

S F Saturation point
2 7
w F Legend
6 [JElectrons
= [Led source
S
af-
31—
2f-
1=
: Ll |||||I||||I|||||I|||||||||I|E|
% 200 400 600 800 1000 1200 1400 1600

A [mV]




v Positive results of the tests performed — linearity in energy calibration until the
saturation point (A=1.6 V, correspondent to E = 7.4 MeV)
— SiPM can be used in the [0, 2] MeV energy range for the measurements with ‘**In
(also in [0, 4] MeV energy range for double-count measurements)

v Hamamatsu module C12332-01 (driver circuit) +

Hamamatsu MPPC (SiPM) S13360-60CS A second module ordered
(~ 670 €)

v Tests performed on the two new SiPMs S13360-60CS

> same experimental set-up (e beam + led source)

» linearity in energy calibration, but different saturation points
(correspondent to E = 8 and 15 MeV respectively) — effects of the different HV
applied?

~ battery of tests performed by varying the HV applied

— parallel curves E-Amplitude
— not seen the saturation point for lower energies — more powerful led @
needed



