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Context :
Nuclear imaging

SPECT (1y imaging) PET (2y imaging)

Electronic processing and
transmission line drives

!
|
Preamplifiers o I
Scintillations 4
s
Photomultiplier tubes i

1— Light pipe

0 3" Crystal
KX Collimator

% \ B>
Patient organ ¥
containing gamma \ \B
ray-emitting nuclide N
\
\
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Introduction

XEMIS (3y imaging)

Image Quality

1
&
PET XEMIS
Injected Activity
1 -

=al

Q Y,

i %

0.01

PET XEMIS
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(PET scan)

18 18
o F =0 +e" + 1

o
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2 v imaging
(PET scan)

18 18
o F =0 +e" + 1

511 keV
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2 v imaging
(PET scan)

El,gF — ?lf(f) Lo gy

511 keV
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2 v imaging
(PET scan)

3 v imaging
(Xemis 2)

W8o— YO et

H“Ca* - “Ca+ v(1157keV)

\Y

El,gF — ig(f) Lo gy

511 keV
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2 v imaging
(PET scan)

3 v imaging
(Xemis 2)

W8o— YO et

H“Ca* - “Ca+ v(1157keV)

51,8}7 — ig(f) Lo gy

511 keV

511 keV P11 keV
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2 v imaging
(PET scan)

3 v imaging
(Xemis 2)

W8o— YO et

H“Ca* - “Ca+ v(1157keV)

OF = 20 +et + v,

511 keV

511 keV

511 keV
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2 v imaging
(PET scan)

3 v imaging
(Xemis 2)

oo~ YO et

“Ca* —» “Ca+v(1157keV)

OF = 20 +et + v,

511 keV

N

_LN= r 1157 keV
Q@%

511 keV P11 keV

2 Edcp
E;(Ei — Edep)

0° = arccos[l — m.c
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21 mm mm 12cm TPC1 ETPCZ Cathode
) 2 x 32 PMTs
£ 2 x 9808 pixels
" 200 kg of LXe
at -100 °C
Pixelized
Anode
LXe

E =2 kV/icm
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Pixelized !
Anode
LXe

E =2 kV/icm

2 x32 PMTs

2 x 9808 pixels
200 kg of LXe
at -100 °C
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Each PMT gives a Number of photoelectron (npe)

3.1 mm :“1‘ 12cm TPC1k ETPCZ CathOde
) - 2x32PMTs
£ - 2 x 9808 pixels
" - 200 kg of LXe
at -100 °C
Pixelize( t
Anode J :
light time

LXe

____________

charge time

E =2 kV/icm

13
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31 mm :\,1,,‘ 12 cm TPC1 i'rpcz Cathode
Each pixel
h y)
c?)f):(lilil(lit};) ] - 2x32 PMTs
- 2 x 9808 pixels
" - 200 kg of LXe
at -100 °C
Pixelized t
Anode J

t1  light time
LXe &

____________

< >  charge time
E =2kV/icm At and V.« gives
the z coordinate

14
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1 mm mm 12.cm TPC1 ETPCZ Cathode
¢ Vi MY 4
‘ - 2x32 PMTs
5 | - 2x 9808 pixels
! - 200 kg of LXe
at -100 °C
Pixelizec . .
Compton Cinematics
Anode f
or cones
- reconstruction
0° = arccos[l — m.c? Ber ]

E=2kV/icm E;(Ei — Edep)

15
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Raw Data, output of the camera

Files containing multiple signals:
- Light signals

(arbitrary scale)

rl\’ %

/ /\\x
0 : time Mﬁl
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Raw Data, output of the camera

Files containing multiple signals:
- Light signals (t,, Time Over Threshold (TOT), PMT, )

(arbitrary scale)

/N
=N

N

0 % time (arﬂitrary scale) |

| v
N
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Raw Data, output of the camera

Files containing multiple signals:
- Light signals (t,, Time Over Threshold (TOT), PMT, )

(arbitrary scale)

/\\ tm - tEvent W 1k (TOT) (+ t )
i /|° TOT \
/

N

0 % time (arﬁitrary scale) |

rl\’ %
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Raw Data, output of the camera

Files containing multiple signals:
- Light signals (t,, Time Over Threshold (TOT), PMT, )
- Charge signals

(arbitrary scale)
Signal (V)

| v
N
e
o
%
w N

twalk/!o TOT o
. / —_——— y 0.05

0
\ -0.05

& RS VRV . S WS, BN N
O-%OO 550 600 650 700 750 800
0 % time (arﬁitraryscale) Time (channels)

IIIIIIII |Il||IIIIIIIII|I|I||IIIIIIIII
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Raw Data, output of the camera

Files containing multiple signals:
- Light signals (t,, Time Over Threshold (TOT), PMT, )
- Charge signals (t, Q, (x,y))

—_
= ~ 0.3

s A = Al

w

[ ~ 0.25 ( T - S (t) t
< ©

<": g A(ds KLI)

2 s bz TIC oo

H] w

g 015

> tt - ()

—2

twalk/!o TOT o
. / —_——— y 0.05

0
\ -0.05

& RS R .| SRS S, BT
O-%OO 550 600 650 700 750 800
0 % time (arﬁitraryscale) t1 Time (channels)

IIIIIIII |Il|||lll|l|||l||| |IIII|IIII
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Raw Data, output of the camera

Files containing multiple signals:
- Light signals (t,, Time Over Threshold (TOT), PMT, )
- Charge signals (t, Q, (x,y))

If you know vu the drift speed of the electron in LXe you have the z coordinate => z= vd*(t, - t)

ié A E 03E o
;ﬁ ’Y_'U 025;_ S(t -1 -8S({t) =0att=t
£ £ cQz:— sgse
g o OF
g 015
>2 E (t -1 ()
0 0.1
/| TOT \\ :
< / < 2 0.05F
OF
\ -0.05F
g e o B e ol B oy s A gy
%OO 550 600 650 700 750 800
0 % time (arﬁitraryscale) t1 Time (channels)
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Class 1:
Image Algorithm Data Structure, input of the reconstruction algorithm
File containing multiple combination of interactions: \/

Class 2 :

nom times Class Vertex1

Class 1G511 t1 1
Class 1G1157 t2
Class 2GLOR t3
Class 2GCOR t4

Class 3G &)

wles|lw|N

The classes correspond to the different types of events:
Example: 2 y511 + 1 y1157, 1 y511 + 1 y1157, etc.

As output, the algorithm provides the 3D spatial distribution
of scandium: an image !

< -

Yohann Ramsi -Xemis 2 22
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To do :

e Light Calibration :
- Threshold
- Conversion/correction curve
- Gain
e Charge Calibration :
- Zero crossing
- Thresholds

e Transformation from raw data to Refined data / List mode :
- Simultaneous charge and light acquisition
- Light clustering
- Light preprocessing
- Matching light-charge
- Gamma tagging
- Event weighting

Goal :

e Image reconstruction

Yohann Ramsi -Xemis 2 23
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To do :

e Light Calibration :
- Threshold
- Conversion/correction curve

________ ._ - _._ R \
Charge Calibration : ,
- Zero crossing :
- Thresholds ]

e Transformation from raw data to Refined data / List mode :
- Simultaneous charge and light acquisition
- Light clustering
- Light preprocessing

/

Not done by me

———

- Event weighting
Goal :

e Image reconstruction

Yohann Ramsi -Xemis 2
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o mm o e e e e e e

e (Light Calibration : S
: - Threshold |
i - Conversion/correction curve :
v\ - Gain /

o o e o o e e e e e e

e Charge Calibration :
- Zero crossing
- Thresholds

e Transformation from raw data to Refined data / List mode :
- Simultaneous charge and light acquisition
- Light clustering
- Light preprocessing
- Matching light-charge
- Gamma tagging
- Event weighting

Goal :

e Image reconstruction

Yohann Ramsi -Xemis 2 25
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Experimental Setup :

Optic fibre

_________________________________________________________________________________________________________

PC light

Spartan

Discriminator

Shaping

e mm————
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Thresholds :

The threshold is set to 1000 hit noise/s/pmt (~40)

—

I I —————
-

V (arbitrary scale)

el 111
LW
I

—
e
——
S——
I R E—
-
—
b

T —]
= |

L

time (arbitrary scale)
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Thresholds :

Experimental Setup

______________________________________________________________________________________________________________

PC light [~ Spartan Discriminator Shaping

e mm————
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Thresholds :

The threshold is set to 1000 hit noise/s/pmt (~40)

1800

v 1600}
a -

1400

1200f

V (arbitrary scale)

L | o

\ | :
L LAYARITRARYA kA

RUELAMAR = F:

25 26 27 28 29 30 31
time (arbitrary scale) Isb

E——
]
| ——

nnnnnnnnnnnnnnnnnnnnnnnnn
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Thresholds :

The threshold is set to 1000 hit noise/s/pmt

27.0 1 —— air 0.0 1
—— GXe
—— LXe
26.5
-0.2
26.0 3 —¥
-0.4
8 2551 a
-0.6
25.0 1 T 3
-0.8
24.5 1
—+— GXe-air
24.0 A - =3 —-1.0 4 % Xe-GXe —
0 10 20 30 40 50 60 0 10 20 30 40 50 60
PMT PMT

Thresholds are

stable through
‘ the different
stage of the
experiment

Yohann Ramsi -Xemis 2
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Simulation (validated on experimental data):

@ e — Singlet (2.2ns)

=

= — Triplet (27ns)

E 0.8 Recombinaison (45ns)
g — Total

— Exponential fit

0.6
0.4
0.2 1
0.0 1 ——
0 25 50 75 100 125 150 175 200
temps (ns)

Yohann Ramsi -Xemis 2
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Simulation (validated on experimental data):

1.0 A
© — Singlet (2.2ns) 5
= — Triplet (27ns) Z
= - Z
208 Recombinaison (45ns) S
£ — Total o
o <=
— Exponential fit =
0.6 =
g
< 25
0.4 1
15 !
0.2 <‘\
0.0 1 - — 05
0 25 50 75 100 125 150 175 200 / \
temps (ns) 0 50 100 150 200 250 300 350 450 500 550 600
| temps (ns) |
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Simulation (validated on experimental data):

1.0 1

© — Singlet (2.2ns) 5
= — Triplet (27ns) Z
E 0.8 Recombinaison (45ns) ol

5% Sl |

= — Total P ‘ ‘
o <=

— Exponential fit = ‘

0.6 = !

£ signal 5 npe
< 2.5 ! : 1

0.4 ;

|

15 3

0.2 ;

|

0.0 1 - — 05 i

0 25 50 75 100 125 150t 175 200 ‘ 1
] 300 350 400 450 500 550 600
emps (ns) l temps (ns) |
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Simulation (validated on experimental data):

1.0 1

@ — Singlet (2.2ns) =
E — Triplet (27ns) :i
0.8 Recombinaison (45 2

2 0.8 ecombinaison (45ns) S ‘ /‘\ ‘

= — Total © ‘ ‘
=" <

— Exponential fit 2 ‘

0.6 = ;

s signal 5 npe

0.4 ; / !

| | |

twali( ! :

S roT SRERS

0.2 1 Al A \ !

0.0 1 - — 05 [ ! { i

0 25 50 75 100 125 150 175 200 / ¥ = 1
temps (llS) otevent ?Em 100 150 200 250 300 3Tn Atsoempssofns) STO 500
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Simulation :

TOT -> Walk

108
200
p 103
175 -
150 4
10? 104
125
< -
& 100 - 5 10°c
=4 " [e] 8
101 O 8
75 A
102
50
10°
10!
25 4
107! 100
1000
TOT(NS) TOT(NS)
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Simulation :

1.0 4 1.01 1.0
— Drift=0 Viem [ — Drift = 500 VV/em ] — Drift = 1000 V/em
tau = 39 ns tau = 34.7 ns tau = 33 ns
0.8 0.8
0.6 0.6
3
g g
b *
g 041 ~.go.4 1
0.2 0.2
0.0 0.0
0 25 50 75 100 125 150 175 200 0 25 S0 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
time (ns) time (ns) time (ns)
time (ng}
1.0 1.0
— Drift = 1500 V/cm — Drift = 2000 V/cm
tau = 32.1 ns tau=31.5ns
0.8
0.6
3
8
N
45 0.4+
Qo
0.2
0.0
0 25 s0 75 100 125 150 175 200 0 25 S0 75 100 125 150 175 200
time (ns) time (ns)

36
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1600 500
—— Drift 0 V/cm —— Drift 0 V/cm
14004 |— Drift 500 V/cm ——  Drift 500 V/cm
—— Drift 1000 V/cm —— Drift 1000 V/cm
2 400 1 2
12004 Drift 1500 V/cm —— Drift 1500 V/cm
—— Drift 2000 V/cm —— Drift 2000 V/cm
1000 A 300 4
g
2 800 T g
& o
@ ]
600 4 200
400 A
100
200 1
0 0
100 200 300 400 500 100 200 300 400 500
ToT(ns) ToT(ns)
] 70 1
120 — Drift 0 v/em Drift 0 V/cm
Drift 500 V/cm Drift 500 V/cm
100 ——  Drift 1000 V/cm 601 ——  Drift 1000 V/cm
— Drift 1500 V/cm Drift 1500 V/cm
—— Drift 2000 V/cm 50 Drift 2000 V/cm
80
~ 40 A
1 ©
© 60 =
H e
1 30
40 1
20 A
201 104
01 oA
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
ToT(ns) ToT(ns)
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Simulation :

X 30
(but only
from 1 to

200 npe)

108

low stat

=
2
Intensité

600
ToT(ns)

NPE

high stat 10°

Intensité

100

1000

ToT(ns)

120 4 low stat
—— high stat
100
80 1
o
2 60 A
40 1
2041 =
ol paa S —y
400 700 800
ToT(ns)
low stat
20 4 —— high stat
30
1
©
;I
g 20
10 1
o— Pk, L
o] %
400 500 700 800
ToT(ns)
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120 4 low stat

. . —— high stat

Simulation : e
100 A
80 1

2 - tm 7 tEvent + tWalk(’]:‘()T) - <tWalk>(TOT) (+ tdelay)
40 1
201 S
0 %Nk
0 100 200 300 460 500 600 70IO 860
ToT (ns)
low stat
40 —— high stat

w
o

std_walk
N
o

7 Y | Ll
T T T T T T T
100 200 300 400 500 600 700 800

ToT (ns)

o
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Measure Th->Q :

Signal

Detection efficiency = 50%

Threshold

v

Time

Yohann Ramsi -Xemis 2 40
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Experimental Setup :

- H—{Cimection

____________________________________________________________________________________

PC light [~ Spartan Discriminator Shaping

X
D
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Measure Th->Q :

Signal

[y

o
©

Detection efficiency = 50%

o o
N ™

Threshold

© o o
H O

x> /ndf 7.891e-5/18
p0 6.719 + 0.005
pl 2.287 +0.010

detection efficiency

o
w

o
)

v
o
[y

6 8 10 12 14 16 18 20
V. (mV)

inj

Time

-

O T
N
N
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Measure Th->Q :

channel

threshold (en mV)

std dev (mV)

channel

threshold (en mV)

std dev (mV)

0 6.72 £ 0.01 2.29 = 0.01 16 6.64 = 0.01 2.35 = 0.01
1 6.43 = 0.01 2 17 6.23 = 0.01 2.38 0.02
2 6.21 + 0.01 2: 18 6.40 = 0.01 2.5 0.02
3 6.23 = 0.01 2.30 = 0.02 19 6.27 = 0.01 0.01
B 0.01 231 £ 001 20 6.15 = 0.01

5 + .01 2.30 £ 0.02 21 6.08 = 0.01

G R + (.01 228 £+ 0.02 22 6.28 £+ 0.01

7 ). 0.01 23 6.45 = 0.01

5 6.48 = 0.01 24 6.59 £+ 0.01

9 ( + 0.01 25 6.64 = 0.01

10 6.24 = 0.01 26 6.68 = 0.01 2.

11 .38 £+ 0.01 27 6.29 = 0.01 2.39 = 0.02
12 = 0.01 28 6.08 = 0.01 + 0.02
13 6.37 = 0.01 29 6.14 = 0.01 + (.02
14 6.09 = 0.01 30 6.33 = 0.01 33 + 0.01
15 6.17 = 0.01 31 6.20 £ 0.00 227 = 0.01

moyenne ¢l 6.37 28 moyenne ¢2 6.33 2.35

channel threshold (en mV) | std dev (mV) channel threshold (en mV) | std dev (mV)
32 5.94 £ 0.01 8 = 0.01 48 5.61 = 0.01 2.26
33 5.97 £ 0.01 + (.01 49 6.10 = 0.01
34 6.20 = 0.01 + (.01 50 5.41 £ 0.00
35 6.29 = 0.01 0.02 51 5.78 £ 0.01 2 i
36 5.86 = 0.01 2.31 = 0.01 52 6.15 = 0.01 2.27 + 0.02
37 5.71 £ 0.01 2.36 = 0.02 53 5.49 = 0.01 229 + 0.02
38 5.56 = 0.01 2.39 = 0.01 54 5.56 = 0.01 2.23 £+ 0.02
39 6.13 = 0.01 2.36 = 0.01 55 5.79 = 0.01 2.22 + (.02
40 6.28 = 0.00 2. 56 6.08 = 0.01 2.22 + 0.02
41 6.02 = 0.01 2. a7 5.36 £ 0.01 2.34 = 0.02
42 6.30 = 0.01 2. o8 5.4 = 0.01 226 = 0.01
43 5.81 £ 0.00 2 59 y 229 £+ 0.02
4 6.21 £ 0.01 2.37 £ 0.02 G0 222 + (.02
45 5.65 = 0.01 2.39 = 0.02 61 224 = 0.01
46 5.74 001 y = 0.01 62 + 0.02
47 6.04 = 0.01 S £ (.01 63 2.26 = 0.01

moyenne ¢3 5.95 2.35 moyenne ¢4 2.2H

Yohann Ramsi -Xemis 2
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Measure Th->Q :

channel threshold (en mV) | std dev (mV) channel threshold (en mV) | std dev (mV) channel | gain ( x 10%) | noise ( x 107} | channel | gain ( x 10%) | noise ( x 107)
0 6.72 £+ 0.01 2.29 £ 0.01 16 6.64 = 0.01 0 503.31 £ 0.38 | 171.30 £ 0.75 16 497.38 £ 0.56 | 176.12 £ 1.10

1 6.43 £ 0.01 2 17 6.23 = 0.01 1 481,66 + ( 168.90 + 1.09 17 | 466.91 = 0.64 | 176.34 + 1.27

2 .21 £ 0.01 224 £ 001 18 6.40 + 0.01 2 465.30 + 042 | 167.98 £ 085 | 18 [ 479.17 + 0.63 [ 171.43 £ 1.28

3 £0.01 2. 19 g2cE01 3 | 466.76 £ 0.87 [ 172.08 £ 172 | 19 | 469.51 &+ 0.51 | 177.69 + 1.02

i i::::t :: j‘l’ ::('”: z :;::: i s 4 [48278 054 (17318 £ 110 20 | 46061 + 0.53 | 18169 + 1.06

: & 66 43 55 855 1001 S04 Biis 5 470.79 + 0.61 | 17206 + 1.22 | 21 | 455.59 + 0.83 | 177.46 + 1.65

2 06l ” 5% Yok Loii S 6 S04.88 + 0.67 | 17055 + 1.37 | 22 | 470.07 £ 0.82 | 176.06 + 1.65

g 001 > 3 856 40,01 % 1005 7 408,83 + 054 | 173.69 + 1.07 [ 23 | 483.20 4 0.46 | 178.74 + 0.92

o + 001 2. 95 .64+ 001 2.35 4 0.02 Gl 8 485.46 + 0.86 | 169.51 + 1.73 | 24 177.39 + 1.42
10 £ 0.1 2.9% % 6.68 + 0.01 2.40 + 0.02 N. — 9 490.57 £ 0.59 | 173.20 £ 118 | 25 [ 497.37 £ 0.60 | 175.67 £ 1.22
11 + 0.01 296 + 0.01 27 6.20 + 0.01 230 + 0.02 i 10 467.16 £ 0.48 | 171.33 £ 0.97 26 500.45 £ 0.65 | 179.74 £ 1.29
12 +0.01 291 + 0.03 28 6.08 = 0.01 231 + 0.02 € 11 | 47784 + 048 [ 169.26 + 0.97 | 27 | 470.82 + 0.69 | 179.39 + 1.39
13 + 0.01 2.99 + 0.02 29 6.14 = 0.01 2.35 + 0.02 12 467.80 £ 1.06 | 165.19 = 2.16 28 455.10 £ 0.76 1.51
14 6.09 + 0.01 227 + 0.02 30 6.33 = 0.01 2.33 + 0.01 13 47734 £ 0.72 | 171.67 £ 1.44 29 459.82 £+ (.66 1.34
15 6.17 £ 0.01 229 + 0.01 31 6.20 + 0.00 297 + 0.01 14 | 456.00 £ 0.81 [ 170.19 £ 1.61 | 30 | 474.33 £ 0.40 | 174.81 £ 0.80
moyenne ¢l 637 208 moyenne ¢2 6.33 235 15 | 46203+ 055 [ 17141 £ 1.09 | 31 [ 464.72 + 0.28 | 170.24 £ 0.55
channel threshold (en mV) | std dev (mV) channel threshold (en mV) | std dev (mV) channel | gain ( x 10%) | noise ( x 107} | channel | gain ( x 10%) | noise ( x 107)
32 5.01 £ 0.01 238 18 5.61 £ 0.01 3.2 £ 0.01 32 | 44461 £ 050 | 177.01 £ 1.09 | 48 | 42046 + 0.49 | 168.09 + 0.09
33 +0.01 2 49 6.10 £ 0.01 2.19 £ 0.02 33| 447.00 £ 0.45 | 17L.77 + 0.91 49 | 456.88 + (.80 2 + 1.50
34 6.20 £ 0.01 2.0 50 5.41 = 0.00 2. 34 464.09 £ 0.47 | 174.05 £+ 0.94 50 405.00 £ 0.22 +0.45
35 6.29 £ 0.01 2 5l 5.78 £ 0.01 35 | 4TI38 £ 08217724 £ 1.64 | 51 | 432.78 + 0.38 [ 167.81 £ 0.77
36 5.86 + 0.01 2.4 52 6.15 £ 0.01 2 36 438714043 [ 173.00 £ 087 [ 52 | 460.64 + 0.57 | 169.84 + 1.14
o1 LA1 L 001 < 93 =49+ 001 2.20 + 0.02 37 [ 42805+ 070 [ 17658 + 141 | 53 [ 41149 + 0.91 [ 171.61 + 1.80
:: D00 s :: )_f; . ::::: e :;::': 38 41668 £ 040 [ 179.09 + 080 | 54 | 416.79 + 0.60 | 167.18 + 1.21
5 5 2 ;i:("g i 5954 054 39 | 45954+ 039 [ 176.71 £ 0.77 | 55 | 433.59 + 0.64 | 166.66 + 1.30
7 2574 0.02 it Sz o b 000 40 (47043 £0.23 | 176.68 £ 045 | 56 | 453.80 £ 0.64 | 166.06 + 1.28
4 233 4 0.02 ) 564+ 6,01 296 + 0.01 41 [ 45064 £ 068 | 17720 £ 1.35 | 57 | 40L.75 £ 0.77 | 175.59 + 1.52
43 235 4 0.01 59 527 4 0.01 299 + 0.02 42 AT1.07 £ 0.71 | 17471 £ 143 | 58 | 42246 + 0.38 | 169.03 + 0.76
4 297 + 0.02 60 5.75 % 0.01 2.9 % 0.02 43 (43494 £ 037 | 176.05 £ 0.75 | 59 | 39493 + 0.60 [ 171.39 + 1.21
15 239 + 0.02 61 5.35 £ 0.01 21 + 0.01 44 (46540 £ 062 | 17790 £ 1.24 [ 60 | 430.66 £ 0.59 | 166.38 + 1.20
16 5.74 + 0.01 2 62 5.81 + 0.01 297 + 002 45 42316 £ 0.76 | 17890 + 1.52 | 61 400.78 + 0.50 | 167.76 + 1.00
47 6.04 £ 0.01 2. 63 5.55 + 0.00 296 + 0.01 46 43005 £ 053 | 17645+ 1.06 [ 62 | 435.14 £ 0.66 | 169.93 + 1.32
Tmoyenne c3 5.05 moyenne ¢l 5.64 2% 47 (45275 £ 045 | 17811+ 091 [ 63 | 415.58 + 0.33 | 169.06 + 0.65
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Gain :

The gain is set to have a one photoelectron signal amplitude equal to the thresholds

Experimental Setup :

Optic fibre

______________________________________________________________________________________________________________

RN

PC light

Spartan

Shaping

x4

———[ Discriminator
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Gain :

The gain is set to have a one photoelectron signal amplitude equal to the thresholds
2 steps :

- Generate LED signal to measure 1 PE on the PMT

- Find PMT power voltage to detecte 50 % of 1 PE signals

Signal

Detection efficiency = 50% -

Areshold

.
1=}

detection efficiency
detection efficiency
o o o
o

=
S

T I\\\I\Il

(LY LR LR ALY LR IR LLRRY LR L

P& 1 1 ! 1 ! 1 1 I 1

580 600 620 640 660 680 700 720 740 760
4500 PMT Tension (V)

o T
&> -
o

Ti ; Y, A (il i
me 2500 3000 3500
LED Tension (mV)
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Gain :
- With the LED voltage set, decrease the pmt voltage until you reach
50% of pulse detection
$ Experimental data g
0.010 L
; 3
0.008 + I
c §
,g 0.006
:% 0.004 I
0.002 1 i
[
0.000 1, *° T . ; ; . :
500 550 600 650 700 750
PMT voltage (V)
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Gain :
- With the LED voltage set, decrease the pmt voltage until you reach
50% of pulse detection
$ Experimental data
0.010 L
; 3
0.008 + I
c §
,g 0.006
:% 0.004 I
0.002 1 i
: offset
00001 ° , ' . ,
500 550 600 650 700 750
PMT voltage (V)
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Gain :
- With the LED voltage set, decrease the pmt voltage until you reach
50% of pulse detection
$ Experimental data . $ x2pcllum_pmt_hv/data_pmt_7.txt
0.010 T s 3 0.0104{ # noise/data_noise_pmt7.txt g 2
(] $
3 ]
0.008 0.008 ]
e ¢ }
% 0.006 5 aise |
g '
0.004
= :Z; 0.004 1 $
0.002 - t [
s 0.002
% offset
00001 , , , , 3 o e B e e & @ e ee e
500 550 600 650 700 750 0.000 1, r ; ; : .
PMT voltage (V) 500 550 600 650 700 750
PMT voltage (V)
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Gain :
- With the LED voltage set, decrease the pmt voltage until you reach
50% of pulse detection

0.008 A

—— mu = 635.22+-1.83

E i tal dat
rrd § Experimental data , 3 (]

0.006 |
0.005
0.004

0.003 -

% of detection

0.002

0.001

0.000

500 550 600 650 700 750
PMT voltage (V)
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Gain :
Constant fluctuation
2.5 1.0
2.0
0.8
E integration
5 137 from 1 to
s 1l { infinity | ¢ *°
2 ’[ [ e
ki t 8 0.4
T 051 3
b =
g 0 2 -
S 0.0- '
—0.5 0.0
0 5 10 15 20
gaussian mean p (a.u.)

[ — S curve fit ]

0.0 2.5 5.0

7.5 10.0 125 15.0 175 20.0

gaussian mean p (a.u.)
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Gain :

Proportional fluctuation
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gaussian distribution N(p,p/2)
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integration
from 1 to
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R

% de détection
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gaussian mean p (a.u.)
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Gain :

Proportional fluctuation

4.0 i 0.7 1

—&— simulation .
{ donnée experiemental

integration
. =1 from 1 to
[ infinity
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N
o
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gaussian distribution N(p,p/2)
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Ld
Gain :
0.010 1 Fit: G = exp(0.011*THT + 6.4)
THT@50% = 608.3 + 0.78 V
T xi=084
c=0.98
0.008 41 & Experimental data
£ 0.006
S
(*]
]
%)
=
s
2 0.004
=
0.002 A
0.000 -
500 550 600 650 700 750

THT (V)
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Gain :

50 % detection Voltage (V)

680

660 -

$ THT

Min: 600.1 V
Max: 692.5V

Mean: 636.1 V
Std: 21.0 V

640 -

]
620 1
600 -

0

24 28 32 36
PMT
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Conclusion :
- Thresholds are set and stable
- ToT-npe/ToT-walk curve are updated

- Gain method is developed, gain are set and the stability is under measurement
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Perspective :
- Measure gain stability (in progress)
- Develop Charge/Light matching (in progress)
- Develop gamma tagging (in progress)
- Develop event configuration weighting

- Exploit the image reconstruction algo (Medhi Latif PhD)
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