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Prompt Gamma Timing (PGT)

2YIW on PG Imaging 2023

Golnik et al. Phys. Med. Biol. 59 (2014) 5399

SIMULATION

Indirect measurement of proton range from the 
distribution characteristics of:

TOF = Tstop – Tstart 
- Mean value
- Sigma
- Others (Marcatili et al Phys. Med. Biol. 65 (2020) 245033; 

Jacquet et al. Phys. Med. Biol. 66 (2021) 135003;

Schellhammer et al. (2022) Front. Phys. 10:932950.)

target

proton

! detector

Tstart

Tstop



Advantages : no need for collimation

3YIW on PG Imaging 2023

No collimation means:
• Relatively high detection efficiency (easy to upgrade) 
• Compact and light detection system 
• Reduced  amount of material to avoid secondary neutrons 

and PGs
=> Impact on Signal To Noise ratio

Gamma camera
Det. Efficiency :  
! ~ 10-5

Compton camera
Det. Efficiency : 
! ~ 10-5 ÷ 10-4

Prompt Gamma Timing

*Pictures from CLaRyS collaboration

e.g.   
"!  ~ 0.2 ;   S   = 4 cm2 ;   r   = 20 cm 
" ~ 10-4  per detector module

Physical collimator

Electronic collimation
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TOF distribution: Tstop - Tstart

Advantages: TOF neutron rejection

4YIW on PG Imaging 2023

• 148 MeV protons impinging on a human head phantom (ICRP110)
• 30 perfect detectors surrounding the phantom (d=15 cm)
• Ecut = 3 MeV

! detectors

148 MeV 
proton PG

ICRP110 phantom

A practical example

Primary PGs
Neutrons
Secondary PGs

148 MeV 
proton

Primary PGs
Neutrons
Secondary PGs



Advantages: TOF neutron rejection

5YIW on PG Imaging 2023
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Figure 3. (a) Simulated depth–dose profile of 200 MeV protons in PMMA. Two examples of
10 mm wide regions along the proton beam path are indicated. (b), (c) The TOF spectra of the
prompt gamma photons (blue and red) and neutrons (black) impinging onto the corresponding
two detector regions (see also figure 1). Photon profiles are shown for the two angular collimation
windows !θ1 (blue) and !θ2 (red). All results were simulated with Geant4.

peaks were fitted with Gaussian functions and their mean value µ and standard deviation σ

were determined for all beam energies investigated in this study. The parameters µ (denoted
as ‘TOF shift’) and σ are plotted as a function of the longitudinal position z in figure 4(a)
(symbols with error bars). The data points obtained with Geant4 and MCNPX are very similar;
they differ by less than 100 ps at all longitudinal positions.

3.4. Neutron rejection using a shifting TOF window

The data points of the Geant4 results in figure 4(a) were fitted with second-order polynomial
functions (solid lines in the same figure). These fits were used to select events within a shifting
TOF window !TOFz, in order to discriminate the prompt gamma signal from the large neutron

E Testa et al. Radiat Environ Biophys 49, 337–343 (2010)AK Biegun et al. Phys. Med. Biol. 57 6429  (2012)

• 200 MeV protons on PMMA
• Perfect detector 

• 95 MeV/u 12C beam on PMMA
• BaF2 at d>50cm from target

SIMULATION

A TOF resolution of ~ 1 ns is enough to reject most neutrons 

From the literature…



Technical challenges in PGT

6YIW on PG Imaging 2023

Time resolution 
 Relevant parameters
 Beam temporal structure
 Reference Time  
           RF/phase synchronisation

 Beam monitors

Sensitivity: towards real-time monitoring
 Proton statistics
 SNR and background
 Detector arrangement

Detector development for PGT

Reconstruction
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Parameters affecting time resolution in PGT 

7YIW on PG Imaging 2023

target

proton

! detector

Tstart

Tstop
Protons
(Tstart)

PG (Tstop)

1-10 ns

Synchrotron
(CNAO, HIT)

Cyclotron
(IBA, Varian)

Synchro-cyclotron
(S2C2 IBA)

12C Protons

Macro-structure Period (s) 1 - 10 ∅ 10-3

Micro-structure
Bunch width (ns) 20 - 50 0.5 - 2 8

Period (ns) 100 - 200 10 16
Ions/bunch 2-5 200 - 500 200 105

Typical intensity (ions/s) 107 109 1010 1011

Temporal structures of main accelerators 

1) Time resolution on 
reference time (Tstart)

2) Time resolution of PG 
detector (Tstop)

3) Beam temporal structures
Source: CLaRys collaboration



Time resolution: beam temporal structure
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Protons
(Tstart)

PG (Tstop)

Hey, it 
was me !

1)   Play with accelerator settings

Still me…

I didn’t 
do it !

S2C2 synchro-cyclotron: 8 ns bunch width, 7 p/bunch, thin target

Jacquet et al. Scientific report (2023) 13:3609

2) Lower the beam intensity to Single Proton Regime (SPR)

Reduce bunch-width related time uncertainty

160 MeV

Data acquired at C230 cyclotron

Petzoldt et al, Phys. Med. Biol. 61 (2016) 2432

3) Build a ultra-fast monitor that can time-tag protons at clinical intensities
=> But still you need to find the right PG-proton couples !

SPR Nominal Intensity

# incident protons
1st spot

enough statistics 
cumulated to make a 

decision  

check points

Dauvergne et al, Front. Phys. 8:567215 (2020)

EXPERIMENT



Time resolution: reference time Tstart
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target

proton

! detector

Tstart

Tstop

Synchronisation with accelerator signal 

Long-term phase drift 
(inter-layer)
Due to variation in cyclotron 
magnetic field/current 
Hueso-Gonzàlez et al., Phys. Med. Biol. 60 (2015) 6247

Short-term oscillation (intra-layer)
Due to voltage regulation between 
each energy layer.
• Only within first ~2 s
• Can be parametrised and 

corrected
R.D. Werner, Master thesis 2021

Kôgler M-20-05 IEEE NSS-MIC 2022, Oral contribution

7 Einsatz des Diamantdetektors als PBM 69

Abbildung 7.4.1: Im Diamantdetektor gemessene Relativzeit in Abhängigkeit der Messzeit
während Messung �3. Die schwarze Linie entspricht µPBM.

Tabelle 7.4.1: Mittlere Fitparameter für fdamp(t) aus den Messungen �1 bis �9.

Fitparameter Mittelwert Standardabweichung relativer Standardfehler
A 0,14 0,03 8%

B 1,0 0,3 10%

C 0,0024 0,011 150%

D 5,8 0,8 4%

µPBM für die ersten zwei Sekunden nach Strahlbeginn für alle Messreihen in Abb. 7.4.2
aufgetragen, wobei konstante Offsets manuell addiert wurden, um die Kurven optisch zu
separieren. Die Daten wurde mit einer kritisch gedämpften Oszillationsfunktion fdamp(t)

mit einem additiven linearen Term gemäß Gln. (7.4.1) angepasst:

fdamp(t) = µPBM(t) = �Ae�Dt � B t e�Dt
+ Ct+ E. (7.4.1)

Als Startwerte für A, B, C, D bzw. E wurden 0,18, 1,08, 5,4, 0,01 bzw. 3 gewählt. Der
Mittelwert und die Standardabweichung der relevanten Fitparameter A, B und C und
D ist in Tab. 7.4.1 aufgelistet. Dass die relativen Standardfehler für A, B und D nur
zwischen 4% und 10% betragen, zeigt, dass das Einschwingverhalten im Rahmen des
Experiments reproduzierbar war. Der lineare Term, verkörpert durch den Parameter C, ist
für die unterschiedlichen Stromstärken mit einem Standardfehler von 150% dagegen nicht
reproduzierbar. Der Parameter E ist aufgrund der manuellen Verschiebung arbiträr.

72 7.4 Ergebnisse
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Abbildung 7.4.5: Im Diamantdetektor gemessene Relativzeit in Abhängigkeit der Messzeit
während Messung  11. Die schwarze Linie entspricht µPBM. Die eingekreisten Nummern
sind in Kap. 7.3.2 erklärt.
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Abbildung 7.4.6: Verlauf der mittleren Relativzeit µPBM sowie von U' und UDee in Ab-
hängigkeit der Messzeit (links) und Korrelation zwischen dem PBM-Signal und U' (rechts)
für Messung  11.

des Strahls wieder zu starken Abweichungen kommt. Außerdem wird deutlich, dass eine
lineare Funktion nicht ausreichen würde, um die Korrelation zu beschreiben, da die Ska-
lierung der Ordinate nur für eine grobe Übereinstimmung des oberen und unteren, nicht
aber des mittleren Plateaus gelingt. In Abb. 7.4.6 rechts ist erneut die Korrelation als
Streudiagramm zwischen dem PBM und U' aufgetragen. Die Messungen  1 bis  10 sind
im Anhang dargestellt.

Aus allen Messungen � und  kann nun eine mittlere Kalibrierkurve für U' ermittelt
werden. Dazu wurde zunächst der horizontale Offset zwischen den Kurven entfernt. An-

Accelerator Radio-Frequency RF

Low Level RF phase Uϕ 

R.D. Werner, 
Master thesis 2021

EXPERIMENT



Time resolution: reference time Tstart from Beam Monitor
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Diamond detector

target

proton

! detector

Tstart

Tstop

Stripped detector: 9 x 9 x 0.5 mm2, 1 mm pitch

Proton counting (at low intensity)

Single channel, single crystal diamond detector: 4.5 x 4.5 x 0.5 mm2
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! Time resolution, Rad-hard " Surface, thicknessClarys-UFT project



Time resolution: reference time Tstart from Beam Monitor
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Ultra Fast Silicon Detectors

target

proton

! detector

Tstart

Tstop

4 pads detector, 3x3 mm2 each, 150 um thickness

228 MeV protons at

Beam size

" Detection surface
 => on-going developments  

Very narrow signals (~ 2 ns) 
 => reduced pile-up
Limited thickness 
 => no beam perturbation
 Time resolution 
 => down to 10 ps for other prototypes

!

!

!

Vignati et al. Phys. Med. Biol. 65 (2020) 215030

Tres = 75 - 115 ps RMS 
depending on beam 

energy103 MeV 
protons



Time resolution: reference time Tstart from Beam Monitor

12YIW on PG Imaging 2023

Off-axis diamond detector
52 6.2 Experimenteller Aufbau
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Abbildung 6.2.1: Oben: Modell eines IBA Degraders aus Tesse et al. [2018], bestehend
aus Aluminium (grün), Graphit (grau) und Beryllium (violett) sowie eines strahlabwärts ge-
legenen Kollimators (gelb). Mittels einer Monte Carlo Simulation ergeben sich verschiedene
Protonenflugbahnen (blau). Die Maße a, b und c wurden nachträglich eingezeichnet. Mitte:
Seitenansicht einer einzelnen Degrader-Platte aus Graphit und zugleich Froschperspektive
des experimentellen Aufbaus. Der Kollimator befindet sich nur am Degrader und wurde im
Experiment nicht nachgestellt. Unten: Foto des experimentellen Aufbaus.
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Tres = 85 ps RMS 
Achieved with minimum 
ionizing electrons

Poly-crystalline diamond detector from Cividec: 10 x 10 x 0.5 mm2

Beam energy 
degrader

R.D. Werner, Master thesis 2021

Tesse et al., J. Phys.: Conf. Ser. 1067, 092001 (2018) 
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Abbildung 7.4.6: Verlauf der mittleren Relativzeit µPBM sowie von U' und UDee in Ab-
hängigkeit der Messzeit (links) und Korrelation zwischen dem PBM-Signal und U' (rechts)
für Messung  11.

des Strahls wieder zu starken Abweichungen kommt. Außerdem wird deutlich, dass eine
lineare Funktion nicht ausreichen würde, um die Korrelation zu beschreiben, da die Ska-
lierung der Ordinate nur für eine grobe Übereinstimmung des oberen und unteren, nicht
aber des mittleren Plateaus gelingt. In Abb. 7.4.6 rechts ist erneut die Korrelation als
Streudiagramm zwischen dem PBM und U' aufgetragen. Die Messungen  1 bis  10 sind
im Anhang dargestellt.

Aus allen Messungen � und  kann nun eine mittlere Kalibrierkurve für U' ermittelt
werden. Dazu wurde zunächst der horizontale Offset zwischen den Kurven entfernt. An-

Collimator

Kôgler M-20-05 IEEE NSS-MIC 2022, Oral contribution!

! Time resolution

! Rad-hard
High rate capabilities



Technical challenges in PGT
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Time resolution 
 Relevant parameters
 Beam temporal structure
 Reference Time  
           RF/phase synchronisation

 Beam monitors

Sensitivity: towards real-time monitoring
 Proton statistics
 SNR and background
 Detector arrangement

Detector development for PGT

Reconstruction

Jacquet et al. Phys. Med. Biol. 66 (2021) 135003;



Sensitivity: SNR and background

14YIW on PG Imaging 2023

Goal: Real time monitoring
1) Detection efficiency 
2) Detector pile-up
3) Background

SNR
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A practical example
• 148 MeV protons
• 30 perfect detectors
• Ecut = 3 MeV

! detectors

148 MeV 
proton

PG

ICRP110 phantom

Background from target and detectors
Electrons
Few, many are cut with acquisition threshold

Protons
Few,  cut on the E vs TOF distribution

Neutron
TOF rejection does not work at PG profile fall-off
Þ Affect proton range measurement

Secondary PGs
Same energy and timing of primary PGs.
=> Affect proton range measurement
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Sensitivity: Detector arrangement
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148 MeV 
proton

PG

ICRP110 phantom

Upstream 
detector

Downstream 
detector
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Placing the gamma detector upstream 
seems more advantageous for 

background reduction



PMMA
(beam dump) 

1 mm Cu target

AirAir

65 MeV 
protons

Sensitivity: the case for pure Cherenkov radiators  

16YIW on PG Imaging 2023

Cherenkov detectors

• short pulses (pile –up)
• high density (det. efficiency)
• very low sensitivity to background (threshold process) 
• NO energy measurement !

PbF2 
crystal 
coupled to 
SiPM

Ph
ot

od
et

ec
to

r

Č
e-

!

BM

Ecut ~ 3 MeV

Raw data! CTR = 115 ps



Technical challenges in PGT
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Time resolution 
 Relevant parameters
 Beam temporal structure
 Reference Time  
           RF/phase synchronisation

 Beam monitors

Sensitivity: towards real-time monitoring
 Proton statistics
 SNR and background
 Detector arrangement

Detector development for PGT

Reconstruction



Detectors: TIARA (Tof Imaging ARrAy)

18YIW on PG Imaging 2023

GOAL
• 30 ! detectors to achieve a 

uniform target coverage
• Detection efficiency ~0.5%
• Targeted coincidence time 

resolution ~100 ps RMS

TIARA !  module
(1.5 cm)3 PbF2 coupled 

to SiPMs

Beam monitor for SPR
~ 1cm2 single crystal 
diamond, 8x8 strips

CURRENT DEVELOPMENT

CTR = 112 ps RMS 
at 148 MeV, in SPR

Large PMMA target

EXPERIMENT

IBA, Proteus One 

SPR Nominal Intensity

# incident protons
1st spot

enough statistics 
cumulated to make a 

decision  

check points

Uniform sensitivity 
all over the range

~600 PGs



Detectors: TIARA (Tof Imaging ARrAy)

19YIW on PG Imaging 2023

Jacquet et al. Phys. Med. Biol. 66 (2021) 135003;

108 protons / ~30000 PGs

! detectors

100 MeV 
proton

PG

Possible to distinguish a lateral beam 
displacement of 2 mm at 2 sigma

N = total number of PG detected
Ni = number of PG detected in module i
Yi = x coordinated of gamma detector

SIMULATION

<latexit sha1_base64="tPmAYfYMm0pvRvCcqGT7XlKyc3E="></latexit>

YCOG =
1

N

NDetX

i=1

yini

• 3D info: multiple detectors allow a full angular coverage to measure deviations in any direction.
• Could be compatible with IMPT 

x

y



Detectors: Oncoray

20YIW on PG Imaging 2023

T. Werner et al., 2017 IEEE (NSS/MIC), Atlanta, GA, USA, 2017, pp. 1-5

Experiment with a single detection module
• 227 MeV protons
• 10 mm air cavity
• Ecut = 3 ÷ 5 MeV
• (~108 protons per spot) x 8
• Tstart = RF
• CTR – 225 ps 

EXPERIMENT

Schellhammer et al. 2022 Front. Phys. 10:932950.
Werner et al. Phys. Med. Biol. 64 (2019) 105023 (20pp)

• 6 CeBr3 modules
• Clinical ready



Detectors: MERLINO

21YIW on PG Imaging 2023

Module time resolution= 124 ps RMS @ 511 keV 

GOAL 
• 110 detection modules
• Cylindric LaBr3:Ce 3.81 cm diameter, 3.81 cm height
• Readout by PMTs
• USFD beam monitor

MERLINO  detector 

Ferrero et al. JINST 2022 vol. 17 (11) C11031
 https://www.to.infn.it/attivita-scientifica/ricerca-tecnologica/merlino/

CURRENT DEVELOPMENT



Technical challenges in PGT
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Time resolution 
 Relevant parameters
 Beam temporal structure
 Reference Time  
           RF/phase synchronisation

 Beam monitors

Sensitivity: towards real-time monitoring
 Proton statistics
 SNR and background
 Detector arrangement

Detector development for PGT

Reconstruction
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Reconstruction: Prompt Gamma Time Imaging (PGTI) – v0

23YIW on PG Imaging 2023
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TOF = Tproton + TPG + Tdecay
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Tdecay < 1psHyp 0:1)

<latexit sha1_base64="yUuX6kERPAOhdBhPk9a/2H72YwA="></latexit>

TOF =

Z �

0

1

v(s)
ds+

1

c

p
(x� � xd)2 + (y� � yd)2 + (z� � zd)2 Hyp 1: Proton moves on a 

straight line and beam 
trajectory is knownλ = PG vertex

xd, yd, zd = detector centroid coordinates

2)

Hyp 2: Tproton is known from TPS

• MC simulation of proton time at different depths

• Geometry is the same of CT used for TPS

• Very fast convergence

• T
proton

 depends on anatomy

<latexit sha1_base64="Q1OSxHO9VTj9SA7HoI7FCx9gsgw="></latexit>

TOF = Tproton(�, v) + TPG(�)

Experimental 
data

Preliminary
MC in TPS 
conditions

Trivial 
function
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4) Non-iterative binary search for zeros to find PG 
vertex distribution (λ)
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Input data 
• Patient’s CT scan to calculate Tproton
• Detectors’ position (centroids)

Features
• Event-by-event reconstruction during 

acquisition 
=> Real-time first spot probing

• DO NOT provide actual PG distribution 
in case of anatomical variation

• Sensitive enough to detect a variation 
from TPS

Jacquet et al. Phys. Med. Biol. 66 (2021) 135003;



Reconstruction: PGTI, MC validation

24YIW on PG Imaging 2023

Jacquet et al. Phys. Med. Biol. 66 (2021) 135003;

CTR 
(RMS) # protons # PG Sensitivity 

at 1 #
Sensitivity 

at 2 #
Beam 

Intensity Goal

100 ps 107 3 x 103 2 3 Single proton 
regime

Pre-treatment 
probing100 ps 108 3 x 104 1 1

1 ns 109 3 x 105 1 2 Nominal On-line 
monitoring

Sensitivity is a compromise 
between time resolution and 

proton statistics

MC validation

• 100 MeV protons
• Air cavity of variable thickness
• 30 detection modules (1 cm3)
• 0.6% overall detection efficiency

SPR scenario: 108 protons, 100 ps rms Nominal intensity: 109 protons, 1 ns rms
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c)
0 cm shift

1 cm shift

1) PG profiles from time to space domain

2) Comparison with reference conditions 2) Range shift sensitivity

@ 63 MeV, SPR
• Can measure a proton range 

shift of 4 mm at 2 sigma
• Better than anticipated by  MC 

simulations

Jacquet et al. Scientific report (2023) 13:3609

Only 600 PGs!!
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Klein-Nishina

proton

!1
!2

! detector

Forward scattering angles are more 
probable, especially at high energies.

Few  ps time delay, negligible for most PGT systems

• 100 MeV protons impinging on a 
spherical head 

• 30 perfect detectors surrounding 
the phantom (d=10 cm)

Theory… … and a practical example

SIMULATION
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Tdecay < 1psHyp 0:

Hyp 1: Proton moves on a straight 
line and beam trajectory is known

1)

2)

Pennazion et al. Phys. Med. Biol. 67 (2022) 065005

PMMA target, 107 proton, 

4) Maximum Likelihood Expectation Maximisation to find z(tp)

k= iteration
Y = PGT distribution
X =  z(tp) function (unknown)
H= detector response (system matrix)
S = detector sensitivity

Input data 
• Full detector response

Features
• Provide actual Tproton distribution
• Proton range sensitivity with cavity 

phantom: 7 mm at 1 " for 107 incident 
protons

Hyp 2: The system matrix H (and S) is known

• MC simulation of uniform PG distribution in vacuum 

• Gives an a priori information of t!(z) 

• t! depends on detector 

Experimental 
data

Preliminary
MC

3)
<latexit sha1_base64="vYW+Yh3QqkVlMqT24WWPkwdg8+M=">AAACEnicbVDLSsNAFJ3UV62vqEs3wSIoQkmkqBuhKIg7K/QFbQmT6bQdOpOEmRuxhHyDG3/FjQtF3Lpy5984TbPQ1guXOZxzX3O8kDMFtv1t5BYWl5ZX8quFtfWNzS1ze6ehgkgSWicBD2TLw4py5tM6MOC0FUqKhcdp0xtdTfTmPZWKBX4NxiHtCjzwWZ8RDJpyzaPa7fVFB+gDpLNiLVMfcBKDG4dJcqyfzgALgRPXLNolOw1rHjgZKKIsqq751ekFJBJ6HuFYqbZjh9CNsQRGOE0KnUjREJOR3tjW0MeCqm6cnpFYB5rpWf1A6vTBStnfHTEWSo2FpysFhqGa1Sbkf1o7gv55N2Z+GAH1yXRRP+IWBNbEH6vHJCXAxxpgIpm+1SJDLDEB7WJBm+DMfnkeNE5KzmmpfFcuVi4zO/JoD+2jQ+SgM1RBN6iK6oigR/SMXtGb8WS8GO/Gx7Q0Z2Q9u+hPGJ8/KGyfEQ==</latexit>

TOF = tp + t�

First iteration
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Bortfeld analytical approximation for Stopping Power
<latexit sha1_base64="OhCmmBFwkBWubP+ZfxIxlcoq5EQ=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKepGKIrgsop9QDsOmTRtQzOZkGSEMs7CX3HjQhG3/oY7/8ZMOwttPXDh5Jx7yb0nEIwq7TjfVmFhcWl5pbhaWlvf2Nyyt3eaKoolJg0csUi2A6QIo5w0NNWMtIUkKAwYaQWjy8xvPRCpaMTv9FgQL0QDTvsUI20k39679RMnPe8iJoYIXmWP+0Skvl12Ks4EcJ64OSmDHHXf/ur2IhyHhGvMkFId1xHaS5DUFDOSlrqxIgLhERqQjqEchUR5yWT/FB4apQf7kTTFNZyovycSFCo1DgPTGSI9VLNeJv7ndWLdP/MSykWsCcfTj/oxgzqCWRiwRyXBmo0NQVhSsyvEQyQR1iaykgnBnT15njSPK+5JpXpTLdcu8jiKYB8cgCPgglNQA9egDhoAg0fwDF7Bm/VkvVjv1se0tWDlM7vgD6zPH2dglbo=</latexit>

R0 = ↵Ep
0

R0 = particle range
E0 = initial proton energy
z0 = proton entry position

Fit with t(z)

Range resolution ~ 0.3 cm when comparing to NIST data 
(Bethe-Bloch formula)

t0 = proton entry time 
p = proton energy dependent parameter
# = target material-dependent parameter

S(z)

Ferrero et al. (2022) Frontiers in Physics 10:971767.
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Courtesy of A. Cherni
To be submitted to PMB

MC MODEL 
(including all physics interactions) 

Hypotheses
• Water sphere
• 148 MeV protons

Initial condition:
Constant proton velocity (v)

Pe
rfe

ct
 d

et
ec

to
r

10
0 

ps
 R

M
SPerfect match with Bethe-Bloch 

theory but the algorithm should 
include proton scattering model 

to match MC data!

1 detector,
 ~1000 PGs 

Pre
lim

ina
ry!

1 detector,
 ~1000 PGs 
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• PGT technique is very promising for real-time applications

• Dedicated detection systems are being developed

 Beam monitors: Diamond detectors (in-axis or off-axis) and UFSD  
   
 PG detection systems: Scintillator- and Cherenkov-based

• The community goes towards the use of multiple gamma detectors :
 

o to increase sensitivity
o to measure proton beam deviations in any direction
o to achieve uniform sensitivity all over the range

• Need for dedicated reconstruction algorithms to merge data from different detectors

• The technique/detector performances ultimately depend on the time characteristics of the accelerator used 
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 Postdoc fellow (2-years)
 Monte Carlo simulation and data 

reconstruction within the Prompt 
Gamma Time Imaging project 

 (to be opened after the summer break)

Contact: sara.marcatili@lpsc.in2p3.fr

We are here!


