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Project objectives:

1. Innovative technological developments at the 
Tandem accelerators, in order to maintain the 
capacity for analysis and irradiation at the highest 
level.

2. Technological developments of the experimental 
area, in order to meet the new needs of the users of 
the research infrastructure.

3. Development of new techniques and technologies 
that will find their applicability in the industrial, 
environmental and/or security area.

4. Prototype developments for international projects 
where IFIN-HH act as a member.
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MOTIVATION
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https://www.youtube.com/watch?v=MS590Xtq9M4
How does protontherapy work?  

ONCOLOGY

Immunotherapy

Radiobiology

https://www.youtube.com/watch?v=MS590Xtq9M4


MOTIVATION: photons vs ions
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Bethe-Bloch (ions):

Beer-Lambert (photons):

I = I
0 

* e-μx



3 MV HVE Tandetron™ accelerator installed at IFIN-HH 

3D representation of the irradiation installation.
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Photo credit: A. Socolov

I. Burducea et al., NIM B, 359, 12-19, 2015



2D Experimental Setup (v1)
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3D Experimental Setup (v2)

Courtesy of A. Enciu
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Experimental Setup (6th of December 2021)

Photo credit: D. Iancu
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Scheme of a cell culture chamber (1. 
Aluminum front cover; 2. Mylar foil; 3. 
Silicone gasket; 4. Teflon chamber; 5. 

Breathable sealing tape sterile; 6. KF63 
vacuum clamp)

A. Tastrak® detectors irradiation (1. Si3N4 window 
holder; 2. Tastrak® detector) ; B. photo taken under 

microscope after etching procedure was applied.
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Cell culture ”homemade” chamber & 

1st dosimetry attempts with Tastrak® detectors



Beam dosimetry (Markus ionization chamber, RCF & Si particle detector)

 RBS vs. Markus calibration curve.

A. Lateral uniformity of the beam as 
recorded with radiochromic film 
expressed as gray level distribution along 
the spot diameter; B. Lateral energy 
distribution simulated with Geant4 
expressed as the energy profile along the 
diameter at the air target interface in the 
same position as the film.
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Depth dose profile measured with Markus vs Geant4 simulation 

A. Experimental recording (red points) and Geant4 
simulation (line plot) of protons/alphas Bragg peak in 
Mylar/air, x = 0 represents the air-mylar interface 
position during irradiation

B. energy distribution of the proton beam at the 
air-Mylar interface and Gauss fit (LEFT) and energy 
distribution of the alpha beam at the air-Mylar interface 
(RIGHT).
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PROTONS ALPHAS



Cell survival rate of V79 cells irradiated with doses 
between 0-5 Gy. The red line and dots represent the 
survival rate for protons. The black line and dots 
represent the survival rate for X-rays.

Experimental results
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Radiation type α ± sd (Gy-1) β ± sd (Gy-2) D50; (*D10) (Gy) RBE 50; (RBE 10)

Protons 0.27 ± 0.02 0.035 ± 0.007 2; (5) 1.5; (2)

X rays 0.22 ± 0.005 0.0005 ± 0.002 3; (10) 1.00

SF- survival fraction

D - dose (Gy)

α, β - linear & quadratic fit coefficients

*D10 was estimated by fitting function. V79-4 cells 1d after seeding in 
EMEM with 10% FBS 



Conclusions

→  a new cell culture irradiation setup for basic radiobiological investigations and preliminary experimental results 
obtained for the first time at IFIN-HH 3 MV TandetronTM are reported. 

→  the proton beam was extracted into the air through a Si3N4   membrane, and the dose was estimated by several 
methods. 

→  preliminary cell survival results show a similarity to data reported in the literature using other proton beam facilities 
for V79 cells.

→   Geant4 simulations confirmed the experimental data of the Bragg peak for two ion species (protons and alpha) and 
provided promising predictions for switching to the FLASH regime and also the use of high ion beams with high LET 
(7Li3+, 11B5+ and 12C6+)  which could be supplied by IFIN-HH’s 9 MV Van de Graaff tandem accelerator.
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Perspectives - high dose rate (FLASH regime)
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A. RCF irradiated at 100 Gy/s (left) RCF irradiated at 250 
Gy/s (right); 

B. Geant4 simulation of dose (line plot) and LET (dashed 
plot) in water after protons propagation through different thin 
foils; red: low flux protons through the 6.7 μm Au foil, blue: 
high flux protons through the 2 μm Al foil; 

C. Lateral energy distributions of the low and high flux proton 
beams at the Mylar-water interface simulated by Geant4 
expressed as the energy profile along the target diameter; 

D. Energy distribution of the low and high flux proton beams 
at the mylar-water interface (low flux: mean energy = 1.9 
MeV, FWHM = 104.02 keV; high flux: mean energy = 2.45 
MeV , FWHM = 56.18 keV).



Perspectives - high dose rate (FLASH regime)
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Courtesy of A. Enciu



Perspectives - heavy ions
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A. Geant4 simulation of dose (line plot) and LET (dashed plot) in water after 
heavy ions propagation through the 2 μm Al thin foil; green: 12C6+ of 56 MeV, 
brown: 7Li3+ of 32 MeV, magenta: 11B5+ of 48 MeV;
B. Energy distribution of the 56 MeV 12C6+ beam at the mylar-water interface 
(mean energy = 28.87 MeV, FWHM = 679.63 keV);
C. Energy distribution of the 48 MeV 11B5+ beam at the mylar-water interface 
(mean energy = 9.83 MeV, FWHM = 245.14 keV); D. Energy distribution of 
the 32 MeV 7Li3+ beam at the mylar-water interface (mean energy = 28.7 MeV, 
FWHM = 523.62 keV);



Dissemination  & References
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Vă mulțumesc pentru atenție, dar 
mai ales pentru reziliență!
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AOB 
14th European Conference on Accelerators in Applied Research and Technology
https://ecaart14.nipne.ro/ , 17th- 23rd of July, 2022, Sibiu organized by IFIN-HH

https://ecaart14.nipne.ro/
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AOB 

- Sparc News  /  Summer Student Program at GSI - FAIR, July 25 - Sep. 15, 2022
INTERNATIONAL SUMMER STUDENT PROGRAM  at  G S I / F A I R

               https://www.gsi.de/stud-pro/   [1]
https://hgs-hire.de/summer-program  [2]
Applications are welcome till Feb. 15

https://www.gsi.de/stud-pro/
https://hgs-hire.de/summer-program

