
Application for campaign at Heavy Ion Laboratory, University of Warsaw
(starting from 2010)

Heavy Ion Laboratory together with main Polish nuclear physics institutes, IRFU/SPhN at CEA 
Saclay,  Department  of  Physics at  the Lund University,  School of  Environment and Technology, 
Brighton,  England and Department  of  Atomic Physics at  the University of  Sofia applies for  20 
PHASE I High Purity Anti-Compton Shielded Germanium detectors of 70% efficiency for 2 years, 
starting from July 2010.
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 INTRODUCTION 
 

Heavy Ion Laboratory, founded jointly by Ministry of Education, Polish Academy of Sciences 
and  Polish  Atomic  Energy  Agency,  operates  a  K=160  heavy-ion  cyclotron  unique  not  only  in 
Poland, but also in Central Europe. The accelerator provides beams of gaseous elements and of 
elements  available  from  gaseous  compounds  ranging  from  B  to  Ar  with  energies  from  2  to 
10MeV/amu and intensities up to few hundreds pnA. Since the commissioning of the cyclotron 
(1994) yearly beam-on-target time was steadily growing, reaching about 3000 hours/year. In the 
near future a new ECR ion source will be installed, providing beams up to Kr, including metallic 



ions.
HIL  facility  attracts  scientists  from  many  Polish  and  foreign  laboratories.  Permanent 

collaborations include a number of  Polish institutions from Warsaw,  Swierk,  Białystok,  Kraków, 
Lublin, Kielce and Katowice as well as from foreign centres. Beam time is allocated by the Director 
based on the recommendation of peer review by appointed international PAC. The only criteria are 
the scientific merit of the project and its technical feasibility. HIL is an interdisciplinary user-facility, 
not restricting itself to nuclear physics only. A significant amount of the beam time is allocated for 
solid state, radiobiological and application studies.

Besides operating its heavy-ion cyclotron HIL is involved in the creation of a PET centre, 
the first one in Warsaw area. The project gained support from national institutions as well as from 
International Atomic Energy Agency and currently is in progress.

The Laboratory is strongly involved in educational and science popularisation activities. For 
four  years  already the  Workshop on Heavy Ion Acceleration  and its  Applications  for  graduate 
students has been organized at HIL. The participants (around 20 each year) can gain experience 
in methods of data acquisition and analysis, in operating the cyclotron including beam diagnostics 
measurements and in charged particle and gamma-ray detection techniques. Students can further 
develop their practical abilities by joining the summer training programme. 

Research done with the cyclotron beams resulted in a significant number of publications in 
ISI-listed journals (43 papers in years 2004-2008), PhD (12 theses defended in years 2004-2008, 7 
in  preparation),  many MSc and BSc theses.  The details  can be found in HIL Annual  Reports, 
available at http://www.slcj.uw.edu.pl/en/39.html

One of the advantages of a small accelerator centre is an easier and faster access to the 
beam  than  in  the  bigger  facilities.  It  is particularly  visible  for  non-standard  ideas  and 
proposals. 

Excellent scientific conditions in Warsaw are enriched by a close collaboration with two 
well  recognized nuclear  structure theory centres: in Warsaw (  The Institute of  Theoretical 
Physics,  University  of  Warsaw-  J.  Dobaczewski,  G.  Rohozinski,  W.  Satula  .)  and  Lublin 
(Department  of  Theoretical  Physics,  Institute  of  Physics, M.  Curie  Skłodowska  University- 
K.Pomorski, B. Nerlo-Pomorska, L.Prochniak ….). 

The proposed development of EAGLE array will help us to construct a good experimental 
basis in Warsaw for realization of the aims of the Electromagnetic MOments European Network 
(NEMO) and JRA-EWIRA proposal within I3-ENSAR.  Presently, 8 HPGe ACS detectors of 35% 
efficiency  and 12  HPGe ACS detectors  of  20-30% efficiency  are  available  at  HIL.  The future 
permanent array comprising these detectors is expected to have the photopeak efficiency of about 
1%.  The  efficiency  of  the  upgraded  system  using  20  Phase  I  HPGe  ACS  detectors  will  be 
increased by about 4 times in singles, 15 times in doubles and 55 times in triple coincidences. The 
new Ge spectrometer  will  also  allow to  improve the  accuracy in  gamma line  shape  analysis, 
particularly important in picoseconds lifetime measurements.

In the following sections the principal  nuclear physics cases to be studied with EAGLE are 
described, as well as technical details of our project.



I. Principal nuclear spectroscopy cases

1. Study of the states populated after compound nucleus particle evaporation 

Measurements of gamma-ray multiplicity and sum energy in the continuum performed using 
BaF2 detectors  from  the  INNER  BALL,  in  coincidence  with  discrete  transitions  measured  by 
Germanium multidetector array, will provide a crucial information about reaction mechanism as well 
as important nuclear structure information.  An example of reaction mechanism we are going to 
test is illustrated on the figure below, presenting entry state population after particle evaporation for 
compound nuclear reaction.      
Two distinctive populations leading to the same final nucleus are visible: 

a) sequential emission of 6 nucleons
b) α2n emission

In both examples the first particle in a sequence may be evaporated from compound nuclei or 
emitted in an Incomplete Fusion reaction [1].

Two mentioned nuclear reaction mechanisms are going to be investigated at HIL with BaF2 

INNERBALL in coincidence with discrete transitions observed in 20 Ge detectors. The efficiency of 
the setup is very important for the success of the proposed experiment.     

 
Results of such type of experiments can be also used as a test of existing models (A.A. 

Pasternak  et  al.  [2])  describing  the  side-feeding  population  of  discrete  nuclear  states.  Proper 
estimation of side-feeding population is very important for evaluation of picoseconds lifetimes of 
weakly populated excited states, especially in DSAM and RDDSAM  measurements for transitional 
nuclei.

2. Experimental study of the nuclear chirality 

The  manifestation  of  chirality  in  atomic  nucleus,  suggested  in  1997  and  vigorously 
investigated  over  the  past  few  years  from  both  the  experimental  and  theoretical  standpoint, 
continues to be a subject of intense discussion. The calculations, based on different theoretical 
models, namely Tilted Axis Cranking, Core-Particle-Hole Coupling and Tilted Skyrme Hartree-Fock, 
pointed out the possibility of spontaneous breaking of chiral symmetry in the intrinsic reference 
frame of the nucleus. It became particularly interesting as chiral operator is directly coupled to the 
time reversal operator. This phenomenon manifests itself experimentally in the appearance of two 

Figure 1: Entry state population after particle evaporation 
for compound nucleus reaction versus excitation energy 
and angular momentum of the final nucleus. Both 
distributions might be obtained via Complete or 
Incomplete Fusion. Possible mulitipolarities of  
electromagnetic transitions are indicated by colour 
arrows. Note that the energy and angular momentum 
transfer are different for E1, E2 and M1. 



rotational  (chiral  partner)  bands with  the  same spins  and parities  and almost  equal  excitation 
energies. Such partner bands were found in more than ten nuclei in the A ≈130 and A ≈ 100 mass 
region. Their observation was considered to be a proof for chiral symmetry breaking in the atomic 
nucleus. The recent studies [3] of electromagnetic properties of 128Cs, 132La and 134Pr clearly have 
shown that investigation of chirality would be impossible without lifetime measurements. As such 
there  is  a  need  of  systematical  study  of  electromagnetic  transition  probabilities  in  all  nuclear 
systems supposed to show chiral symmetry breaking. To approach this goal we need a higher 
efficiency setup, which will allow us to study electromagnetic transition probabilities and to confirm 
spin and parity assignments in all bands supposed to be chiral, including cases less favourable 
experimentally.  The realisation of above goals can give a firm basis for establishing of the 
chirality as a new quantum variable needed for understanding of nuclear structure. 

3. Tests of K-quantum number conservation by study of K-isomers

Both  the  electromagnetic  (EM)  excitation  and  decay  of  high-K  states  can  be  greatly 
hindered due to K quantum number  conservation.  Electromagnetic  excitation  and deexcitation 
probabilities decrease by many orders of magnitude with increasing multipole order, whereas the 
probability for multi-step Coulomb excitation decreases exponentially with the number of steps, 
making the EM excitation of high–K states from the ground state unlikely. However, the unexpected 
population  of  high-K  isomers  by  Coulomb excitation  has  brought  into  question  the  validity  or 
“goodness” of the K quantum numbers (see [4] and references therein). One of the mechanism of 
K-isomer EM population experimentally confirmed for 178Hf [4], was high-K component admixture to 
low K bands. Such a mechanism typical for rear earth axially symmetric nuclei was also observed 
in  the  A  ≈130  region  [5],  where  nuclei  exhibit  significant  shape  softness.  It  seems  that  the 
weakening of K-forbidness attributed to triaxiality can be observed by isomer decay through γ- 
band (see N=74 K-isomers), but confirmation of this interpretation requires further experimental 
studies.  The K-isomerism phenomenon will  be  studied by  using  gamma-gamma and  gamma-
electron coincidences as well as particle-gamma measurements in Coulomb excitation.

4. Shape dynamics and coexistence study by combining information from Coulomb 
 excitation and DSA or RDDSA methods 

In the recent extensive Coulomb excitation study of even-even Mo isotopes performed at 
HIL, quadrupole deformation parameters of both ground and excited 0+ states have been deduced 
for  96,98,100Mo nuclei,  confirming the shape coexistence scenario [6].  Follow-up experiments are 
proposed for EAGLE to study other even-even nuclei in this mass region where low-lying 0+ states 
has been observed, namely  90-96Zr and  102,104Pd. Combined information from Coulomb excitation 
experiments on 104Pd target and RDDSAM measurement of lifetimes of the excited states in this 
nucleus populated in the  94Zr(12C,2n)104Pd reaction, also planned at HIL, can be used to test the 
new “tidal waves” hypothesis of S. Frauendorf [7]. 

Another area of interest is the region of A~40, where highly collective rotational structures 
have been identified. An innovative measurement is planned to study electromagnetic properties of 
lowest  states in the presumably super-deformed band in  40Ca using Coulomb excitation.  High-
energy gamma rays (in 4-6 MeV range) will be detected with new-generation scintillation detectors 
LaBr3.  Such a combination of particle and gamma detectors will  be used for the first  time in a 
Coulomb excitation experiment. The project was prompted by GDR studies, where the presumably 
super-deformed band in  42Ca was preferentially fed by the low-energy component  of  the GDR 
decay from 46Ti[8]. Therefore the continuation of this study for the 40Ca case is considered, as well 
as complementary lifetime measurements in 40,42Ca.

Recently a new interest in Coulex has been drawn by availability of radioactive ion beams 
from ISOL facilities, allowing to perform projectile excitation of short-lived exotic nuclei. The level 
of statistics reached in such experiments allows usually only to obtain an integral cross-section 
value for the 2+

1 -> 0+
gs transition, which is a function of both the transitional matrix element and the 

quadrupole moment of the 2+
1  state. Therefore in order to extract values of matrix elements from 

the measured cross-section without model assumptions, lifetime of the state in question has to be 
measured independently  [9].  Measurements  of  nuclear  lifetimes in  the picoseconds range are 
planned at HIL to complement the Coulomb excitation experiments performed at radioactive beam 



facilities.  As  an  example,  lifetime  measurement  in  100Cd using the  46Ti(58Ni,  α)  or  92Mo(12C,4n) 
reactions is being considered as a supplement to the Coulomb excitation experiment of neutron-
deficient  Cd  isotopes  scheduled  at  REX-ISOLDE  for  autumn  2008  (experiment  IS418),  while 
lifetime measurements in  94,96Mo(16O, 3n)107,109Sn can give additional constraints for the Coulomb 
excitation study of odd neutron-deficient Sn isotopes, accepted at ISOLDE (experiment IS459).
 

5. Gamma-spectroscopy with spontaneous fission fragments

The increase of efficiency and granularity of the system will provide an unique opportunity 
to study the structure of nuclei produced in spontaneous fission. In the last decade there was a 
huge breakthrough in this domain of the nuclear science. A variety of nuclear phenomena have 
been observed in the neutron-rich nuclei, produced in spontaneous fission. However, for most of 
these  nuclei  the  information  presently  available  is  restricted  to  the  transition  energies  and 
intensities. The increase of the number of available detectors in Warsaw by 20 HPGe detectors will 
lead to more than 50 times increase of the efficiency in triples, which is crucial for the gamma-
spectroscopy with fission fragments.  Coupling of  the charge-particle  detectors as well  as fast-
timing circuits to the upgraded gamma array will provide an unique opportunity to obtain a deeper 
insight into the nuclear structure in these exotic nuclei.

6. Hyperfine interactions, g-factor, lifetime measurements with use of Bucharest-Köln 
plunger coupled with EAGLE array.

Magnetic moments provide precise information about particle configurations and angular 
momenta  coupling  schemes  for  the  nuclear  excited  states.  In  spite  of  their  importance  for 
interpretations of nuclear phenomena, g-factors are not known in most cases due to experimental 
problems. Precise magnetic moment measurements are relatively simple to perform for long living 
(nanoseconds) nuclear states with use of differential  methods (TDPAC).  For short  living states 
integration methods are suitable,  however  in  most  cases strong experimental  limitations make 
application of this method impossible. 

Recently,  a  g-factor  measurement  with  Recoil  In  Vacuum  technique  (RIV)  has  been 
performed [10], making use of the hyperfine interaction. In this method, the angular distribution of 
gamma-rays emitted by nuclei emerging from the target into vacuum is measured. The observed 
attenuation  appears  due  to  the  hyperfine  interaction  of  the  nuclear  and  electronic  magnetic 
moments. In this measurement:

• the level of interest was directly populated using Coulomb excitation
• the measurement of the gamma-ray angular distribution attenuation gave a single, integral, 

g*τ value, from which the g-factor can only be extracted if the lifetime τ is known
• calibration  of  the  hyperfine  interaction  was  based on similar  measurements  of  angular 

distribution attenuation from similar states in other isotopes having known gt values, which 
provided a series of calibration points (one point per excited state). 

• to get the velocity vector of recoils, particle detectors were needed.

Installation of the new ion source at HIL UW will open a possibility to accelerate heavy ions 
up  to  mass  A~100  with  the  U200P cyclotron.  With  newly  available  beams,  the  EAGLE array 
coupled to the Bucharest - Köln plunger will provide unique conditions for hyperfine interactions 
studies at high recoil velocities in inverse kinematics reactions. The proposed modification of the 
Recoil  In  Vacuum technique (RIV)  will  allow to  measure  lifetimes and g-factors  of  levels  with 
picoseconds lifetime in the same experiment. The idea is to use fusion-evaporation reactions to 
populate the states of interest. This solution seems to have some drawbacks, but also several 
important advantages over RIV with COULEX. Among these are:

• nuclei will be produced in fusion-evaporation reactions in inverse kinematics with use of 
light targets. In this case low spin values are populated with short cascade feedings. The 
risk of populating isomeric states (that could block the feeding) can be thus avoided;

• by using Bucharest - Köln plunger angular distribution can be measured as a function of 
recoil distance. This gives information on both g*tflight and τ  at once, where tflight is the de-
excitation  time,  equal  to  the  target-stopper  flight  time,  since  deorientation  occurs  only 



during flight in vacuum and ceases when the nuclei are stopped in a metal. Thus several 
experimental points g*tflight (instead of one) will be collected. This makes the method more 
precise, since the time dependence of the de-orientation can be directly measured.

• The calibration of  hyperfine interaction will  be made using states with known magnetic 
moment and lifetime in neighbouring nuclei that will be produced in other reaction channels. 
By measuring the deorientation of these states for several target - stopper distances, a 
series of calibration points will be obtained (instead of one). It will also give the opportunity 
to study the time evolution of hyperfine interaction in the picoseconds range, which can be 
used for future applications with high recoil velocities.

• In the proposed method, velocities of recoils emerging into vacuum are high (0.03<v<0.1c). 
For such velocities only electronic stopping power acts. This does not change the recoil 
direction and no particle detection is needed, which increases the statistics by about an 
order of magnitude.

• The possibility of cleaning the spectra by using gamma-gamma coincidences is also an 
important feature of experiments with the EAGLE array. 
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III. Description of the experimental setup
In the following sections the mechanical drawings of our new project of central European 
Array for Gamma Levels Evaluation (EAGLE) are attached. Presently, 8 HPGe ACS detectors 
of 35% efficiency and 12 HPGe ACS detectors of 20-30% efficiency are available at HIL. The 
future  permanent  array  comprising  these  detectors  is  expected  to  have  the  photopeak 
efficiency of about 1%. The efficiency of the upgraded system using 20 Phase I HPGe ACS 
detectors will be increased by about 4 times in singles, 15 times in doubles and 55 times in 
triple coincidences. The new Ge spectrometer will also allow to improve the accuracy in 
gamma line shape analysis, particularly important in picoseconds lifetime measurements.

central European Array for Gamma Levels Evaluation – E A G L E

EAGLE is designed as a multiconfigurational detector setup adjustable to the needs of many 
research groups dedicated to different subjects of nuclear spectroscopy gathered around the 

Heavy Ion Laboratory of the Warsaw University. 
Full description of this future project is available on:

http://www.slcj.uw.edu.pl/eagle
Construction of the setup is based on truncated icosahedron (see fig. 1).

The solid consists of twenty regular hexagons and twelve regular pentagons. 

Figure 2.Metal frame consisting 
of 20 regular hexagons and 12 

regular pentagons.

http://www.slcj.uw.edu.pl/eagle


A. EAGLE with ACS HPGe detectors available at HIL

The equipment we have at our disposal includes: 

•  HPGe detectors
20 detectors of efficiency 20% - 35%.

•  Anti-Compton shields
10 shields from KFA Julich and 10 shields from the NORDBALL system.

•  Internal conversion electron spectrometer. 
More details about this spectrometer you can find here: 
http://www.slcj.uw.edu.pl/en/65.html

•  Multiplicity Filter.
The filter consists of 60 identical BaF2 crystals. Crystals are mounted in aluminium frames 
(5 crystals in  each frame).  12 frames assembled form a sphere surrounding the target 
chamber. This setup was designed and previously used at NORDBALL system.

•  Munich Chamber. 
10-cm diameter target chamber comprising 100 PiN detectors at backward angles for 
multiple Coulomb excitation experiments. The chamber was designed and previously used 
at NORDBALL .

• Bucharest-Köln Plunger.
• Recoil Filter Detector.
• 4 Π Silicon Ball.

More details about Si ball you can find here: http://www.slcj.uw.edu.pl/en/56.html

Anti-Compton  Shielded  Germanium  detectors  can  be  placed  in  both  hexagons  and 
pentagons,  while  multiplicity  filter  elements  only  in  pentagons.  Internal  conversion  electron 
spectrometer and Munich chamber are installed in the centre of the sphere. 

For  fitting in  HPGe detectors each polygon must  be equipped with an adequate  guide 
system.  Each  type  of  Anti-Compton  shields  requires  its  own  guide  system.  On  page  15  we 
demonstrate two types of guide system, one for KFA Julich shields and one for NORDBALL type. 

Two setup configurations have been identified.
 

1.First configuration.

In  this  configuration  there  would  be  space  for  thirty  Germanium  detectors  placed  in 
hexagons and pentagons. Their positions are listed in table 1.

Distance 
from target 

[mm]

Angle Θ [˚]  Quantity of 
detectors

Comments

179 37 5 NORDBALL or
KFA shield

179 143 5 NORDBALL or
KFA shield

179 79 5 NORDBALL or
KFA shield

179 101 5 NORDBALL or
KFA shield

269 63 5 Only KFA 
shield

269 117 5 Only KFA 
shield

Table 1. 

As we have only 20 HPGe detectors of efficiency 20%-35%, we plan to place them in 
hexagons at 179 mm. Expected photopeak efficiency for this configuration is εph ≈ 1%. 
This configuration is demonstrated on page 16.

http://www.slcj.uw.edu.pl/en/65.html


There would be enough space required to insert the Munich Chamber, Silicon Ball  or Bucharest-
Köln Plunger inside the sphere. To insert the internal conversion electron spectrometer, five 
detectors placed at θ = 143° have to be moved back for additional 7 cm. The expected photopeak 
efficiency for EAGLE coupled with internal conversion electron spectrometer is εph ≈ 0.9%. This 
configuration is demonstrated on page 17.

2.Second configuration.

In this configuration multiplicity filter consisting of 60 BaF2 crystals surrounds in the 4π 
geometry a 10 cm diameter target chamber. There would be space for twenty Germanium 
detectors. Their positions are listed in table 1.

Distance 
from target 

[mm]

Angle Θ [˚]  Quantity of 
detectors

Comments

179 37 5 NORDBALL or
KFA shield

179 101 5 NORDBALL or
KFA shield

179 79 5 NORDBALL or
KFA shield

179 101 5 NORDBALL or
KFA shield

Table 2.

The expected photopeak efficiency for this configuration is εph ≈ 1%. 
BaF2 multiplicity filter covers about 80% of 4π angle. This configuration is demonstrated on page 
18.

B. EAGLE with Phase-I Euroball detectors

On page 19 we demonstrate another type of guide system designed for a Phase-I shielded 
detector. Two setup configurations will be as follows.

1.First configuration.

In  this  configuration  there  would  be  space  for  thirty  Germanium  detectors  placed  in 
hexagons and pentagons, however distances from target are different. Detector positions are listed 
in table 3. 

Distance 
from target 

[mm]

Angle Θ [˚]  Quantity of 
detectors

Comments

167 37 5 Phase-I 
shield & detector

167 143 5 Phase-I 
shield & detector

167 79 5 Phase-I 
shield & detector

167 101 5 Phase-I 
shield & detector

269 63 5 Only KFA 
Shield

269 117 5 Only KFA 
Shield

Table 3.

The expected photopeak efficiency for this configuration is εph ≈ 3.8%. 



The configuration is demonstrated on page 20. There would be still  enough space required to 
insert the Munich Chamber, Silicon Ball or Bucharest-Köln Plunger inside the sphere. To insert 
internal conversion electron spectrometer, five detectors placed at θ = 143° have to be moved back 
for additional 3 cm. The expected photopeak efficiency for EAGLE equipped with Phase-I detectors 
coupled  with  internal  conversion  electron  spectrometer  is εph ≈  3.6%.  This  configuration  is 
demonstrated on page 21.

2.Second configuration.

Coupling  EAGLE  equipped  with  Phase-I  detectors  with  BaF2 multiplicity  filter  is  not  a 
challenge, as AC shields of Phase I detectors are more narrow than our NORDBALL and KFA AC 
shields. There would be space for twenty Germanium detectors. Their positions are listed in table 
4.

Distance 
from target 

[mm]

Angle Θ [˚]  Quantity of 
detectors

Comments

167 37 5 Phase-I 
shield & detector

167 101 5 Phase-I 
shield & detector

167 79 5 Phase-I 
shield & detector

167 101 5 Phase-I 
shield & detector

Table 4.

The expected photopeak efficiency for this configuration is εph ≈ 2 %. 
The BaF2 multiplicity filter covers about 80% of 4π angle. This configuration is demonstrated on 
page 22.

Setup can be coupled with Recoil Filter Detector regardless of which type of Germanium detectors 
and Anti-Compton shields we are going to use. 
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In a brief abstract (5 – 10 lines) describe 
the scientific mission and, broadly, the 
main current and future research 
programs of the institution/facility: 
 
The Heavy Ion Laboratory is a “User 
Facility” with around 100 national and 
foreign users per year. The isochronous 
Kmax=160 cyclotron delivers around 3000 h  
of heavy ion beams yearly ranging from B to 
Ar with energies between 2 and 10 
MeV/nucleon. The current research program 
comprises nuclear physics, atomic physics, 
material sciences, solid state physics, 
biology, particle detectors development and 
testing.  
Actually the Heavy Ion Laboratory is in its 
transformation phase to become the Warsaw 
University accelerator centre, operating two 
cyclotrons. Shortly (2006/7) a second 
commercial proton – deuteron cyclotron  
(Ep = 16.5 MeV) will be installed in the 
Laboratory building for the production of – 
and research on the radiopharmaceuticals for 
the Positron Emission Tomography (PET). 
Production of long – lived radiopharmaceuti-
cals for other medical and life – science 
applications is also foreseen.  
 
Technical facilities: please provide one 
(for smaller facilities) or two (for larger 
facilities) figures and/or photos providing 
a technical layout of the facility and its 
instrumentation, and a visual overview: 
 

 
 
 

 



Briefly characterize the facility: 
 
a) Medium – energy (2 -10 MeV/nucleon) 

cyclotron with heavy ion beams;  
b) Low – energy, high current proton – 

deuteron cyclotron. 
 
Provide a compact (exemplary) table of 
facility parameters (e.g. beam species, 
intensities, range of energies, special 
properties): 
 

Cyclotron Ion Energy 
[MeV] 

Extracted 
current 
[pnA] 

K= 
90 - 160 

10B+2 50 4 

 11B+2 38 - 55 3 - 4 
 12C+2 22 - 50 2 - 20 
 12C+3 89.6- 112 0.8 - 12 
 14N+2 28 - 50 13 - 143 
 14N+3 57 - 110 80 
 16O+2 32 5.7 
 16O+3 46 - 80 5.7 - 138 
 16O+4 90 6.5 
 19F+3 38 - 66 1.3 
 20Ne+3 50 - 65 11 - 35 
 20Ne+4 70 - 120 11 - 35 
 20Ne+5 140 - 190 24 - 40 
 22Ne+3 44 10 
 22Ne+4 132 8 
 32S+5 64- 121.6 0.5 – 1.4 
 40Ar+6 80 - 132 2.5 
 40Ar+7 120 - 172 0.9 – 2.3 
 40Ar+8 195 0.9 – 2 

K=16.5 1H+1 16.5 > 75 µA 

 2D+1 8.4 > 60 µA 

 
If appropriate, provide a brief and 
compact table with the facility’s major 
experimental instrumentation and its 
capabilities: 
 
1. GDR multidetector system JANOSIK; 
2. Gamma - ray, 12HPGe multidetector 

system OSIRIS II;  
3. Two universal scattering chambers 

CUDAC and SYRENA; 
4. Charged particle multidetector system 

ICARE; 

5. Scandinavian type on - line mass 
separator IGISOL; 

6. Irradiation chambers with target water 
cooling; 

7. Low background lead shielded HPGe 
counters; 

8. Radiochemistry and Quality Control 
equipment for the radiopharmaceuticals 
production; 

For details see: www.slcj.uw.edu.pl/en/96.html 
 
Is the facility considered to be a user 
facility (officially and by whom; 
unofficially?): 
 
Heavy Ion Laboratory (HIL) was founded 
jointly by the Ministry of Education and 
Sciences, Polish Academy of Sciences and 
Polish Atomic Energy Agency. In the 
founding agreement the above three 
authorities enacted HIL to become, from the 
very beginning a national “User Facility”. 
 
Does the facility have a Program Advisory 
Committee or the equivalent, adjudicating 
experimental proposals? 
 
The K=160 cyclotron beam time is allocated 
by the Laboratory director on the 
recommendation of the Program Advisory 
Committee. The proposals are received twice 
a year (www.slcj.uw.edu.pl/pac) in a written 
form and publicly presented. In their ranking 
PAC considers the scientific value of the 
proposal, its expected international impact, 
its contribution to the teaching process and 
the previous achievements of the proposers. 
 
Number of actual, active users of the 
facility in a given year: 
 
About 100 real users per year as indicated by 
the access record plus about 15 virtual users, 
participating in data interpretation (co-
authors of publications). 
 
Percentage of users, and percentage of 
facility use (these numbers may differ) 
that come from inside the institution (if no 
statistics exist , please give an estimate but 
indicate this as such): 
 



About 10% of K=160 cyclotron users come 
from inside HIL. Less than 5% of the beam 
time is used by the HIL staff alone. 
 
Percentage of users and percentage of 
facility use from national users: 
 
About 80% of users come from Polish 
institutions. 
 
Percentage of users and percentage of 
facility use from outside the country 
where your facility is located: 
 
About 20% of users come from abroad. 
 
What fraction of the international users is 
from outside your geographical region (i.e. 
Asia; Australia & New Zealand; North-
America; South-America; Africa; 
Europe): 
 
During last 5 years cooperation with HIL 
involved groups from India, Japan, USA as 
well as European Countries (80% of users 
from abroad come from Europe). 
 
Does a formal users group exist for your 
facility (s) and what is the number of 
registered members (in general this may 
be quite different from the number of 
actual users in a given year): 
 
The users group has an elected chair – 
person, who reports to the Laboratory 
Scientific Council. The facility users meet 3 
times per year on a voluntary basis. No 
official record of people participating to the 
users group exists. 
 
Number of a) permanent staff and b) 
temporary staff (including graduate 
students and postdoctoral researchers): 
 
a) 46 
b) 7.25 
 
Number of theoretical staff employed at 
the facility: permanent; postdoctoral, 
students: 
 
No theoretical staff is employed at HIL. 

 
Number of postdoctoral researchers 
employed at the facility: 
 
2 
 
Number of graduate students resident at 
the facility ( >80% of their time): 
 
2 
 
Number of non-resident graduate students 
with thesis work primarily done at the 
facility: 
 
13 
 
Involvement of undergraduate students in 
research (approximate average number at 
a given time): 
 
16 per year (quoted nb. is for 2005) 
 
Special student programs, e.g. summer 
programs, student labs etc. (high school, 
under graduates, graduate students?): 
 
An undergraduate Student’s Workshop of 
one week duration is organized in March 
each year for about 15 participants coming 
from Physics Faculties located outside 
Warsaw. Students, supervised by the 
Laboratory staff are performing various 
nuclear physics experiments, including the 
cyclotron operation. 
During Summer up to 7 students from 
various Physics Faculties take part in one 
month duration training, participating in 
experiments, conducted by the Laboratory 
staff. 
 
Describe any plans you might have and 
their status for future developments at the 
facility (major instrumentation; facility 
upgrades; expansions and new 
construction etc.): 
 
Heavy Ion Laboratory is conveniently placed 
in the heart of the Warsaw University, Polish 
Academy of Sciences and Academy of 
Medicine Scientific Campus Ochota. Shortly 
the intense proton and deuteron beams from 



a medical cyclotron, equipped with an 
external beam line will be also available. 
These beams will be used for the production 
of PET radioisotopes, subsequently 
transformed to radiopharmaceuticals using 
the commercially available chemistry and 
quality control modules. This 4 Million Euro 
project is currently financed by the Polish 
Ministry of Education and Sciences and 
International Atomic Energy Agency. The 
Polish Health Ministry will finance the PET 
scanner, to be located in the neighboring 
Academy of Medicine Clinical Hospital. 
Leading the Warsaw PET Consortium, the 
Laboratory foresees the development of a 
large interdisciplinary research program 
including medicine and life sciences, unique 
at least in this part of Europe.  
For the K=160 cyclotron, a purchase of a 
new ECR ion source allowing a substantial 
increase of the accelerated ion species and 
masses is planned within coming two years if 
the funding is available.   
 
Please provide in brief abstract form any 
other information you might want 
included in the report: 
 
HIL is an open user facility, serving the 
needs of scientific community based on 
evaluation of the merit of proposed programs 
only. No restrictions, other than negative 
peer review, apply.  
 
Which is the total number of physicists 
considered as nuclear physicists 
nationally? 
 
468 physicists. This number is obtained from 
the NuPECC report on Resources in 
European Nuclear Physics 
(www.nupecc.org/pub/survey97/survey.ps) 
published in 1997. It is estimated that the 
actual number can be 20% lower. 
 
How many of these are nuclear theorists? 
 
102 nuclear theorists. Source as above. 
 
Which is the total number of graduate 
students in nuclear physics nationally? 
 

 
161 graduate students. Source as above. 
 
Which is the total amount of funding 
available for nuclear physics nationally? 
 
Rough estimate for nuclear physics 
(including salaries) – 10 M€/year. 
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