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Abstract

Presently Bulgaria has no research nuclear facil-
ity, neither a research reactor, nor an accelerator. 
With the new cyclotron laboratory in Sofi a the In-
stitute for Nuclear Research and Nuclear Energy 
at the Bulgarian Academy of Sciences will restart 
the experimental research program not only in the 
fi eld of nuclear physics, but also in many interdis-
ciplinary fi elds related to nuclear physics. The cor-
nerstone of the cyclotron laboratory is a cyclotron 
TR24, which provides a proton beam with a vari-
able energy between 15 and 24 MeV and current 
of up to 0.4 mA. The TR24 accelerator allows for 
the production of a large variety of radioisotopes 
for medical applications and development of radio-
pharmaceuticals. The new cyclotron facility will be 
used for research in radiopharmacy, radiochem-
istry, radiobiology, nuclear physics, solid state 
physics, applied research, new materials and for 
education in all these fi elds including especially 
nuclear energy. 
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1. Introduction

The Institute for Nuclear Research and Nuclear 
Energy (INRNE) at the Bulgarian Academy  of Sci-
ences (BAS) has recently started a new accelera-
tor project “Cyclotron laboratory of  INRNE-BAS” 
with the help of the Council of  Ministers of Re-
public of Bulgaria in order to solve a  longstanding 
medical problem for the Bulgarian population - the 
shortage of short lived cyclotron radioisotopes  
for medical imaging and diagnostics. The limited 
funds released by the Bulgarian National Health 
Insurance Fund and the high price of the  radioiso-
topes currently imported from abroad makes the 
positron-emission tomography/computer tomog-
raphy (PET/CT) technology available only for less 
than 1/3 of the Bulgarian patients which need ur-
gent medical diagnostics.  The aim of the Cyclotron 
laboratory of INRNE-BAS is to provide domestic 
production of such medical radioisotopes, which 
would meet the need for PET/CT isotopes for all 

PET/CT laboratories in the country, and eventually 
the needs of those in the South-East region of the 
Balkan peninsula.

Two generous fi nancial grants have made the 
project possible-the United States’ Department of 
Energy (DOE) with a donation of $3 000 000 USD 
and the Nuclear Power Plant “Kozloduy” with a do-
nation of $2 000 000 USD. 

The project for a new cyclotron laboratory has 
been included in 2014 the in the updated “National 
Roadmap for Scientifi c Infrastructure” of Bulgaria. 
At the beginning of 2015 the project was identifi ed 
as a priority of the Bulgarian-American relations 
in the fi eld of science and education. For several 
years the management team of INRNE-BAS has 
been actively working to ensure further govern-
ment support for the construction of the building of 
the cyclotron laboratory. 

The new cyclotron laboratory as a novel part 
of the existing infrastructure of INRNE-BAS would 
consist of:  

 ● a specialized building that should meet the 
regulatory requirements in the fi eld of radia-
tion safety and good manufacturing practices 
(GMP) in the pharmaceutical industry;

 ● a bunker in which the cyclotron TR-24  will be 
installed;

 ● a sector for applied research and development 
in radiopharmacy with enhanced educational 
functions;

 ● a sector for the production of 18F-FDG, called 
Fluorodeoxyglucose, and in future, of other ra-
diopharmaceuticals for clinical use

Table 1. Nuclear reactions and half-lives T_1/2 of 
the most commonly produced PET radio-
isotopes for medical imaging

Radioisotope Reaction T_1/2 (min)
18-F 18-O (p,n) 18-F  110  
15-O 14-N (p,n) 15-O 2
13-N 16-O (p,α)  13-N 20
11-C 14-N (p,α) 11-C 10

The radioisotopes are produced by nuclear re-
actions, such as those shown in Table 1, when a 
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target is irradiated with an intense proton beam. 
For example the isotope 18-F is produced by 

irradiation of a target of 18-O enriched water with 
protons and in the (p,n) nuclear reaction, shown 
in the fi rst line in Table 1, one neutron is emitted, 
transforming the 18-O into 18-F.

The radioisotope 18-F is a positron emitter  
with half-life of approximately 110 minutes which 
is used to produce Fluorodeoxyglucose (FDG), a 
form of glucose, which is injected into the blood 
system and is most noticeably accumulated in tu-
mors.

When a positron is emitted from the FDG it 
quickly annihilates  with the fi rst electron it en-
counters emitting two gamma quanta propagating 
in opposite directions, which are detected in PET 
scanners by multiple gamma detectors, measur-
ing at the same time the difference in the arrival 
times in order to determine the point of the anni-
hilation. After that computer tomography is used 
to reconstruct a three-dimensional image of the 
tumor. Currently, the resolution of the PET/CT is 
less than 1mm, which is practically suffi cient for 
the purposes of the computer tomography.

Presently Bulgaria has no research nuclear fa-
cility, neither a research reactor, nor an accelera-
tor. With the new facility we will restart our experi-
mental research program not only in the fi eld of 
nuclear physics, but also in many interdisciplinary 
fi elds related to nuclear physics. 

An excellent presentation of the accelerator 
physics is given in the work [1]. 

In Europe there are many academic institu-
tions where new accelerator centers are under 
development. The TR24 cyclotron is an accelera-
tor which has recently been installed at CYclotron 
pour la ReCherche et lEnseignement (CyrceвЂ) of 
the Institut Pluridisciplinaire Hubert Curien (IPHC) 
in Strasbourg, France or will be operated soon at 
the Institute of Radiopharmaceutical Cancer Re-
search of Helmholtz-Zentrum Dresden Rossend-
orf (HZDR), Germany; Rzez, Czech Republic etc. 

The Laboratori Nazionali di Legnaro at INFN, 
using a 70 MeV cyclotron, plans to perform similar 
to our activities [2]. 

2. Objectives of the INRNE-BAS 
Cyclotron Project 

One of the main objectives of the project is within 
fi ve years to allow for regular supply of 18F-FDG 
to 8 regional PET/CT center at a low price, provid-
ing “full cost recovery”, with a small profi t margin 
used to sustain the laboratory. This will enable 
more hospitals in Bulgaria to purchase new PET/
CT equipment as well as to increase the through-
put of the existing scanners. The wider access to 
PET/CT will improve the health and extend the life 
of the patients suffering from cancer.

The revenue from the sale of radioisotopes and 
radiopharmaceuticals will be fully reinvested in the 
research program and in the development of the 
laboratory.

The availability of the 
GMP compliant production 
sector will ensure high qual-
ity training of nuclear phar-
macists and will close the 
chain from research to end 
products with clinical appli-
cations. 

The parameters of the 
TR24 cyclotron (shown in 
Figure 1) have been select-
ed in such a way that in the 
next twenty years INRNE-
BAS will be able to produce a 
wide range of radioisotopes 
with applications in medicine 
with a relatively low initial 
investment and moderate 
maintenance costs.  

At these proton ener-
gies and beam current it is 
possible to produce com-
mercial quantities of ra-

Figure 1. A picture of INRNE-BAS cyclotron TR24 during the tests 
in Vancouver in August 2015
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dioisotopes with traditional and expected future 
applications in medicine as: PET radioisotopes - 
18F, 124I, 64Cu, 68Ge/68Ga; SPECT radioisotopes 
- 123I, 111In, 67Ga, 99mTc; therapeutic alpha-emit-
ters - 225Ac/213Bi, 230U/226Th.  

The radioisotopes produced by the cyclotron 
will be used for the development of new radiola-
belled molecules for diagnostics [3] and therapy 
purposes [4].  

A longer term goal of the laboratory is to be-
come involved in preclinical studies and clinical  
trials through collaborations and research projects 
with academic partners and private companies. 

The laboratory in Sofi a will open a new pos-
sibility for experimental nuclear structure research 
in Bulgaria. We plan to investigate level-schemes 
of excited nuclei as well as to measure lifetimes 
of excited nuclear states. The proton beam will be 
used to bombard a target to cause nuclear reac-
tions and the radiation generated will be registered 
with a multidetector system. The data obtained will 
be analyzed to reveal new details of the nuclear 
structure.

Lifetimes in the femtosecond region can be 
measured using the Doppler-shift attenuation 
method (DSAM) following the inelastic proton scat-
tering reaction. Such an approach is presented in 
details in the work of Hennig et al. [5]. 

In the setup used in Cologne University, the 
proton in the exit channel of the (p, p’gamma) re-
action  is detected with charged-particle detectors 
placed close to the target. This approach uses the 
centroid-shift version of the DSAM method and 
profi ts from the coincident detection of scattered 
protons and de-exciting gamma-rays. 

Utilizing the approach of Hennig et al. thirty 
lifetimes in 96-Ru are determined in [6]. 

We plan to install a similar setup at the INRNE 
cyclotron laboratory in order to measure lifetimes 
for low-lying states in nuclei which could be ap-
proached by the (p, p’ gamma) reaction. 

We would like to continue our research in the 
fi elds of phase transitions in nuclear physics [7], 
chirality in nuclei [8], [9] and nuclear structure of 
light nuclei [10]. 

One of the most important goals of the cyclotron 
laboratory  is education and training of physicists, 
chemists, pharmacists and biologists for radioiso-
topes  production, radiochemistry, quality control of 
radiopharmaceuticals and their uses in medical im-
aging, as well as training of specialists for nuclear 
energy. More general practical topics like radiation 
protection and dosimetry will also be covered by 
the training and education program of the labora-

tory. Most of the training and education activities 
will be carried out by involving the students in the 
ongoing research projects of the laboratory. Spe-
cial attention will be paid to the training of students 
which plan to work in the fi eld of nuclear energy.

3. The Accelerator TR24

The TR24 cyclotron is produced by Advanced Cy-
clotron Systems Inc. (ACSI), located in Vancouver, 
Canada. The TR-24 cyclotron of INRNE-BAS, Fig-
ure 2, has the following characteristics:  

 ● accelerates negatively charged hydrogen ions; 
variable energy of the proton beam;

 ● minimum energy of the proton beam of 15 
MeV; maximum energy of the proton beam of 
24 MeV;

 ● proton beam current of 400 μA, upgradeable 
to 1000 micro A; 

 ● simultaneous extraction of  two proton beams; 
 ● external CUSP ion source. 

Figure 2. The Y-like beam line of the Sofi a cyclo-
tron

Figure 3. Factory acceptance tests in Vancouver, 
Canada in 2015
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With a very high current of up to 400 μA up-
gradeable to 1 mA and  proton energy ranging 
from 15 to 24 MeV, the cyclotron can produce com-
mercial quantities of more than 15 isotopes  by ir-
radiating simultaneously two high current targets 
placed at the exit ports or along high current beam 
lines. At the beginning one Y-like beam line, shown 
in Figure 2, will be mounted at one of the exit ports 
of our cyclotron for greater fl exibility. Presently we 
have 

4. T he Bulgarian National Cyclotron 
Center 

In 2014 INRNE-BAS completed successfully the 
public procurement tender for the cyclotron and 
signed a contract for the delivery of a TR-24 cy-
clotron, manufactured by the Canadian company 
ACSI. The cyclotron passed low energy tests in 
the factory in August 2015. An illustration for the 
tests is shown in Figure 3.  

The cyclotron was delivered to INRNE-BAS on 
January 12-th 2016 (Figure 4). 

The building for the cyclotron and the hot cells 
will be constructed nearby the Institute. 
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