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Development of the XEMIS2 liquid xenon Compton camera 

and its interface with three-gamma imaging
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Context : 
Nuclear imaging 

SPECT (1γ imaging) PET (2γ imaging)
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XEMIS (3γ imaging)

Introduction
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2 γ imaging 
(PET scan)
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E = 2 kV/cm
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coordinate
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511 keV
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Raw Data, output of the camera
Files containing multiple signals:

- Light signals 

time (arbitrary scale)
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Raw Data, output of the camera
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Raw Data, output of the camera
Files containing multiple signals:
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tm = tEvent + tWalk (TOT) (+ tdelay)

t0
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Raw Data, output of the camera
Files containing multiple signals:

- Light signals (t0, Time Over Threshold (TOT), PMTid)
- Charge signals

time (arbitrary scale)

V
 (a

rb
itr

ar
y 

sc
al

e)

TOT

19

Introduction

twalk
t0



Yohann Ramsi -Xemis 2 

Raw Data, output of the camera
Files containing multiple signals:

- Light signals (t0, Time Over Threshold (TOT), PMTid)
- Charge signals (t1, Q, (x,y))
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Raw Data, output of the camera
Files containing multiple signals:

- Light signals (t0, Time Over Threshold (TOT), PMTid)
- Charge signals (t1, Q, (x,y))

If you know vd the drift speed of the electron in LXe you have the z coordinate => z= vd*(t1 - t0)

time (arbitrary scale)
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Image Algorithm Data Structure, input of the reconstruction algorithm
File containing multiple combination of interactions:

The classes correspond to the different types of events:
Example: 2 γ511 + 1 γ1157, 1 γ511 + 1 γ1157, etc.

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

Class 2 :

Class 3 :

Class 4 :

Class 5 :

511 keV 1157 keV

Class 1 :

22
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To do : 
● Light Calibration : 

- Threshold 
- Conversion/correction curve
- Gain 

● Charge Calibration :
- Zero crossing 
- Thresholds

● 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 : 
● Image reconstruction

23
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Experimental Setup :

Light Calibration

LED
Optic fibre

Injection

ShapingDiscriminator
PMT

SpartanPC light

x16
x4
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time (arbitrary scale)
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Thresholds :

The threshold is set to 1000 hit noise/s/pmt (~4𝞼)

Light Calibration
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Thresholds :

Experimental Setup

Light Calibration

ShapingDiscriminator
PMT

SpartanPC light

x16
x4

50V
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time (arbitrary scale)
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The threshold is set to 1000 hit noise/s/pmt (~4𝞼)
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Thresholds :

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

Thresholds are 
stable through 
the different 
stage of the 
experiment

Light Calibration



Yohann Ramsi -Xemis 2 31

pr
ob

ab
ili

té

temps (ns)

Simulation (validated on experimental data):

Light Calibration

— Singlet (2.2ns)
— Triplet (27ns)
— Recombinaison (45ns)
— Total
— Exponential fit
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Simulation (validated on experimental data):

walk
TOT

t0tevt

A
m

pl
itu

de
 (V

/V
se

ui
l) 

temps (ns)

pr
ob

ab
ili

té

temps (ns)

32

Light Calibration
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Light Calibration

— Singlet (2.2ns)
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Simulation :

TOT -> npe TOT -> Walk

35

Light Calibration
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Simulation :

Light Calibration

— Drift = 0 V/cm
      tau = 39 ns

— Drift = 500 V/cm
      tau = 34.7 ns

— Drift = 1000 V/cm
      tau = 33 ns

— Drift = 1500 V/cm
      tau = 32.1 ns

— Drift = 2000 V/cm
      tau = 31.5 ns

time (ns)
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Light Calibration

(ns)

(ns) (ns)

(ns)
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Simulation :

X 30
(but only
from 1 to 
200 npe)

Light Calibration

(ns)

(ns) (ns)

(ns)
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Simulation :

Light Calibration

tm = tEvent + tWalk(TOT) - <tWalk>(TOT) (+ tdelay)

(ns)

(ns)
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Measure Th->Q :

Light Calibration
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Experimental Setup :

Light Calibration

Injection

ShapingDiscriminatorSpartanPC light

x4
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Measure Th->Q :

Light Calibration

Vinj (mV)
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Measure Th->Q :

Light Calibration
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Measure Th->Q :

Light Calibration
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Gain : 

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

Light Calibration

Experimental Setup :

LED

Optic fibre

ShapingDiscriminator
PMT

SpartanPC light

x16
x4

VPMT

VLED
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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

Light Calibration



Yohann Ramsi -Xemis 2 47

Gain : 
- With the LED voltage set, decrease the pmt voltage until you reach

50% of pulse detection

Light Calibration

PMT voltage (V)

Experimental data
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Experimental data
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Gain : 
- With the LED voltage set, decrease the pmt voltage until you reach

50% of pulse detection

48

Light Calibration

PMT voltage (V)
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Experimental data
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Gain : 
- With the LED voltage set, decrease the pmt voltage until you reach

50% of pulse detection
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Gain : 
- With the LED voltage set, decrease the pmt voltage until you reach

50% of pulse detection

50

Light Calibration

%
 o

f d
et

ec
tio

n

PMT voltage (V)

mu = 635.22+-1.83
Experimental data
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Gain : 

integration 
from 1 to 
infinity 

Constant fluctuation

Light Calibration
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Gain : 

Proportional fluctuation

Light Calibration
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 not S curve!

integration 
from 1 to 
infinity 
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Gain : 

Proportional fluctuation

Light Calibration
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integration 
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Gain : 

Light Calibration
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Experimental data
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Gain : 
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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)


