
Proton Tomography in HEPI
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Proton tomography will be used first to determine the preliminary

treatment map. Coordinates of sick cells, energies and doses of

protons directed at them will determined.

In the process of treatment, the diseased cells are destroyed,

during the radiation session it is necessary to adjust this map, energies

and doses. In online mode, less than one minute is enough to get

updated data.

Thus, a means of optimizing and moniroting of the treatment

process is created, with minimal harm to the patient during control

radiation.

The existing x-ray control system cannot be used due to the

limitations of body irradiation doses.

Proton tomography 
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ბრეგის პიკი 

ენერგიის კარგვები ნაწილაკის 
სხეულში გავლისას
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Protons pass through the body, the initial
energy (E) is chosen so that they pass
completely through the body.

The protons must to stop after the body.
This is why we need only the protons passing
through the body completely, losing energy
according to density and scattering on dense
tissues.

Bragg peak (B) must to stand in calorimeter!

The coordinate tracker (T) determines
the scattering of protons (P) - the location
of the deviation will calculated.

The calorimeter (C) calculates the
energy losses - the density of the body
tissues on the way will be determined

The coordinates and density 4D image of the body can be realized
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Proton beams, which are used in hadronic therapy, can be used in body scans instead of X-rays.

When a protons with energy greater than enough to stop in the body (>200 MeV) is chosen,

they pass the body so that the energy lost in the tissues causes little damage to them.

In this case the measurement of energy losses, along with the scattering of protons, will

"extract" information about the densities of the tissues along this path.

According to preliminary data, compared
to X-ray tomography, the coordinate
accuracy with proton tomography
increases by 2.5 times, and the radiation
dose is 50 times less.
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Calorimeter 
with 

310x190 mm 
scintillators

Proton Tomography



Donation from CERN-ATLAS: 
• 3mm thickness Scintillator Tiles (37x19 cm); 
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We have SiPMs: 

3x3 mm and 6x6 mm active windows
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SiPM attached to the side of the scintillator
All SiPM voltage = 30 V (shared power supply!)
Coinsidence trigger made by JePo
scintillators (SiPM)
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Module aligned vertically.
SiPM voltage = 30 V

Module aligned horizontally.
SiPM voltage = 30 V



Aging test for scintillator tiles

Gamma Irradiation 

Facility (GIF++) 
at CERN



𝟏𝟑𝟕𝐂𝐬 source, composed of the

primary 662 keV photons and lower

energetic scattered photons.

GIF++ 

Floor plan of the GIF++ facility with entrance

doors MAD (material access door), PPG

(personal protection gate), PPE (personal

protection entrance), PPX (personal

protection exit).

When the facility downstream of the GIF++

takes electron beam, a beam pipe is installed

along the beam line (𝑧-axis) between the

vertical mobile beam dump (XTDV).

The irradiator can be displaced laterally (its

center moves from 𝑥 = 0.65 m to 2.15 m), to

increase the distance to the beam pipe.

2.2 Gy/h directly in

front of the irradiator
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Initial tile measurement:
Efficiency = 0.94 (20 mV trigger threshold)
Av. Rate = 930/h
Ampltudes mean = 68 mV

Irradiated tile measurement:
Efficiency = 0.92 (20 mV trigger threshold)
Av. Rate = 834/h
Ampltudes mean = 64 mV
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Preliminary simulation of proton beam scattering:

• Determination of the maximum scattering angles for fixing the 

cross-sectional dimensions of the calorimeter and the tracker 

system;

• Determination of calorimeter length  for different starting E0

energies (70-230 MeV);

• Determination of  correlations from tracker and trigger detector's 

materials;
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Signals from SiPM Simulation
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Frame for 3-scintillator block

3 SiPMs for the block
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Cosmic Ray stand
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Source put on top of the module (middle)
SiPM voltage = 30 V
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Signal receiving primary electronics 
blocks in NIM standard
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Termo-insulated “Black Box”

Mini-computer Red Pitaya
for SiPM/Scintillator signal 
receving-recording-processing



27

MWPC

GEM
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Clean Room; ISO 8



Clean room ISO8

HEPI,
Tbillisi,

GEORGIA
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