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Intro duction

For the �rst time in the history of our Lab oratory the Annual Rep ort contains a large

section devoted to radioisotop es for medical applications. This is due to the realisation

of an on-going programme b egun some years ago for the pro duction of and research into

short-lived isotop es with applications in the diagnosis and therapy of cancer. The most

imp ortant event in 2012 was the op ening of the Radiopharmaceuticals Pro duction and Re-

search Centre, a division of our Lab oratory. The construction of the Centre was supp orted

by grants from the Ministry of Science and Higher Education, the International Atomic

Energy Agency, the Ministry of Health, Europ ean Structural Funds and the University

of Warsaw. The Centre is equipp ed with a cyclotron delivering intense b eams of protons

and deuterons and is devoted to the routine, every-day pro duction of the most classic

isotop es for Positron Emission Tomography. The op ening ceremony was followed by an

international conference on Positron Emission Tomography in Research and Diagnostics

(PETRAD2012) organised jointly by our Lab oratory and Warsaw Medical University.

Due to very hard work by our technical sta� the op eration of the heavy-ion cyclotron

was very stable during the whole year and the amount of b eam-time hours delivered for

exp eriments continued an upward trend.

One of our scienti�c �sp ecialities� is the investigation of the electromagnetic prop erties

of nuclei by means of Coulomb Excitation. In our lab oratory we have all the necessary

to ols for such studies: the exp erimental facility and the computer program GOSIA, used

world-wide to analyse exp erimental data of this typ e. An imp ortant role in the initiation

of this scienti�c programme was played by Professor Douglas Cline from the University

of Ro chester. This year he was awarded the Smoluchowski Medal of the Polish Physical

So ciety. The award ceremony will take place next year in Poznan, during the 42nd Meeting

of the Polish Physical So ciety.

After the go o d news must come the bad. The main problem of such a large exp eri-

mental lab oratory is always related to the available funds. The ma jority of our budget is

provided by the SPUB grant of the Ministry of Science and Higher Education of Poland.

It is allo cated on a yearly basis and the funds are usually available at the end of Febru-

ary/b eginning of March. This year for the �rst time we had to wait until the end of May

for our funding to b e released, which caused us many very serious problems. Such a situ-

ation should never b e rep eated and our Scienti�c Council sent an app eal to the Ministry

asking for changes in the rules applicable to the allo cation of our grant, prolonging the

p erio d from one to a few years. There are rumours that the Ministry is working in this

direction, giving us the hop e that our �nancial situation will at last b ecome more normal.

Prof. Krzysztof Rusek, Director of HIL
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A.1 General information

K. Rusek, J. Choi«ski

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

The Heavy Ion Lab oratory (HIL) is part of the University of Warsaw, the largest

university in Poland. HIL was founded jointly by the Ministry of Education, the Polish

Academy of Sciences and the Polish Atomic Energy Agency. It is the largest exp erimental

nuclear physics lab oratory in the country, equipp ed with a K=160 heavy-ion cyclotron,

unique not only in Poland, but also in Central Europ e.

The �rst b eam was extracted in 1993 and since that time HIL has b een an e�ec-

tive �user facility�, serving up to the present time over 400 scientists from Poland and

abroad and b ecoming a recognised element of the Europ ean Research Area. Beam time is

allo cated by the Director based on the recommendation of the international Programme

Advisory Committee (see Sec. E.7). The only criteria are the scienti�c merit of the pro ject

and its technical feasibility. The research programme (see Part C) is mostly fo cused on

nuclear and atomic physics, but materials science, biological and applications studies also

play an imp ortant role and a signi�cant amount of the b eam time is allo cated for these

purp oses.

Exp erimental teams may take advantage of p ermanent set-ups installed on the b eam

lines or use their own dedicated equipment. Available apparatus includes IGISOL � a

Scandinavian typ e on-line separator, CUDAC � a PIN-dio de array particle detection

system, JANOSIK � a multi-detector system consisting of a large NaI(Tl) crystal with

passive and active shields and 32-element multiplicity �lter and ICARE, a charged particle

detector system used for particle identi�cation and energy measurements, moved to HIL

from IReS Strasb ourg. The most recent exp erimental to ol, still b eing develop ed and

improved, is the EAGLE array � a multi-detector 
 -ray sp ectrometer, which can b e easily

coupled to ancillary detectors like an internal conversion electron sp ectrometer, a charged

particle 4 � multiplicity �lter (Si-ball), a scattering chamb er equipp ed with 100 PIN-dio de

detectors, a 60-element BaF 2 gamma-ray multiplicity �lter, a sectored HPGe p olarimeter

and a plunger.

Since this year HIL has b ecome an accelerator centre, op erating two cyclotrons. The

second machine is a commercial proton-deuteron cyclotron which will b e used for the

pro duction of and research with radiopharmaceuticals for Positron Emission Tomography

(PET). Pro duction of long-lived radiopharmaceuticals for other medical and life-science

applications is also foreseen.
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A.2 Cyclotron op eration in 2012 and tasks carried out in order

to improve the cyclotron infrastructure and e�ciency

J. Choi«ski, A. Bednarek, P. Gmaj, W. Kalisiewicz, M. Kopka, B. Paprzycki,

0. Steczkiewicz, J. Sura

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

Op eration

A steady downward trend in the b eam-time delivered by the Warsaw Cyclotron was

observed in the years 2004�2010. This trend was the result of infrastructure ageing and the

lack of su�cient funds for its restoration. Due to the great involvement of the Lab oratory

team and thanks to organisational e�orts, this trend was broken in 2011. Further work on

improving the technical infrastructure in 2012, although it has slightly reduced the b eam

delivered time to 2308 hours, will result in more stable op eration in the coming years.

Figure 1 shows the total numb er of b eam hours delivered over the last eleven years.

Figure 1: Total cyclotron b eam time in the years 2002�2012.

The monthly distribution of b eam time in 2012 is presented in Fig. 2. Lower exp er-

imental activity during July, August and Septemb er is correlated with the traditional

summer vacation.

Main topics of the exp eriments are related to nuclear physics research, biological re-

search, machine development and b eam tests. Beam time was also allo cated to national

and international student workshops, as in the previous few years. The pro duction of

211
At, initiated in 2010, was continued, in close collab oration with the Institute of Nu-

clear Chemistry and Technology and the Henryk Niewo dnicza«ski Institute of Nuclear
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Figure 2: Beam time distribution (hours) in 2012 p er month.

Physics of the Polish Academy of Sciences in Kraków. The diversity of the exp eriments

p erformed during 2012 is illustrated in Fig. 3.
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Figure 3: Distribution of b eam-time (in hours) among di�erent exp eriments.

In all the exp eriments, the involvement of young researchers, graduate and undergrad-

uate students is traditionally large, which is illustrated in Fig. 4. Detailed descriptions

of the exp erimental set-ups available at HIL can b e found on the lab oratory web page:

www.slcj.uw.edu.
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Figure 4: Numb er of users of Warsaw cyclotron b eams in 2012.

A list of the exp eriments p erformed in 2012 is presented in Tables 1 and 2. The

following acronyms are used in the table:

� HIL � Heavy Ion Lab oratory

� Astana � Eurasia National University, Astana, Kazakhstan

� CEA � French Alternative Energies and Atomic Energy Commission, Saclay, France

� GANIL � GANIL, Caen, France

� GSI � Gesellschaft für Schwerionenforschung, Darmstadt, Germany

� HCCC � Holycross Cancer Center, Kielce, Poland

� Hulub ei � Horia Hulub ei National Institute of Physics and Nuclear Engineering,

Bucurest, Romania

� IB JKU � Institute of Biology, Jan Ko chanowski University, Kielce, Poland

� IEP UW � Inst. of Exp erimnental Physics, Univ. of Warsaw

� INCT � Institute of Nuclear Chemistry and Technology, Warszawa, Poland

� INP � The H. Niewo dnicza«ski Institute of Nuclear Physics PAN, Kraków, Poland

� INPNNC Almaty � Institute of Nuclear Physics of National Nuclear Center, Al-

maty, Kazakhstan

� JYFL � Department of Physics, University of Jyväskylä, Finland

� KNU Almaty � Kazakh National University, Almaty, Kazakhstan

� NCNR Šó d¹ � The National Centre for Nuclear Research, Šó d¹, Poland

� NCNR ‘wierk � The National Centre for Nuclear Research, Otwo ck, ‘wierk, Poland

� NCU Toru« � Nicolaus Cop ernicus University, Toru«

� NU Kharkiv � Kharkiv National University, Kharkiv, Ukraine

� Tanta � Faculty of Science, Tanta University, Tanta, Egypt

� UŠ � Fac. of Physics and Applied Computer Sci., U. of Lo dz, Šó d¹, Poland

� US � University of Silesia, Katowice
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Table 1: Exp eriments p erformed in 2012 � part 1

Dates

Ion and

Energy

Exp eriment

Leading

institution

Collab orating

institutions

18, 19, 24.01

20
Ne

+4

4
He

+1
Test of new ion source

and injection line

HIL

07.02�08.02

4
He

+1 4
He

+1

40
Ar

+8
Test of new ion source

and injection line

HIL

14.02�23.02

16
O

+4

90 MeV

EAGLE UŠ HIL,

NCNR ‘wierk,

IEP UW

29.02�09.03

16
O

+4

90 MeV

Student workshop HIL

12.03�16.03

4
He

+1 211
At pro duction HIL US, INCT, INP

19.03�30.03

20
Ne

+4

72 MeV

ICARE HIL NCNR ‘wierk,

NU Kharkiv, INP,

GSI, IEP, JYFL

04.04

20
Ne

+4
Test of the cyclotron HIL

16.04�27.04

16
O

+3

42 MeV

ICARE INPNNC

Almaty

HIL,

NCNR ‘wierk,

INP, Kurchatov ,

U. St. Petersburg ,

KNU Almaty,

Tanta, Astana

07.05�11.05

14
N

+3

85 MeV

IGISOL IEP UW HIL,

NCNR ‘wierk,

NCNR Šó d¹

Improvements and future pro jects

The p ossibility of changing the mirror in�ector to one of spiral typ e was investigated in

order to enlarge the scop e of accelerated b eams and to improve the in�ector transmission

co e�cient. This work is also related to the ma jor changes in the design of the central part

of the cyclotron. This gives a chance to overcome the main obstacle from the p oint of view

of the ion optics in the centre, that is to remove the constructional pillars. Mechanical

measurements in the internal part of the cyclotron were made over the summer and a

preliminary design for the spiral in�ector and the new central part was �nished at the end

of 2012. The fabrication and installation of the new elements in the cyclotron is scheduled

for the second half of 2013 in collab oration with sp ecialists from JINR, Dubna. The �rst

trial runs with this new con�guration are planned for Decemb er 2013.
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Table 2: Exp eriments p erformed in 2012 � part 2

Dates

Ion and

Energy

Exp eriment

Leading

institution

Collab orating

institutions

22.05�23.05

12
C

+3
Biology IEP UW,

IB JKU

HIL, HCCC,

NCNR ‘wierk,

NCU Toru«, INCT

28.05�01.06

4
He

+1 211
At pro duction HIL US, INCT, INP

11.06�15.06

40
Ar

+8

182 MeV

EAGLE UŠ HIL,

NCNR ‘wierk,

IEP UW

25.06�29.06

12
C

+2

50 MeV

Biology IEP UW,

IB JKU

HIL, HCCC,

NCNR ‘wierk,

NCU Toru«, INCT

02.07�06.07

32
S

+5

83 MeV

Student workshop HIL

10.07�13.07

19
F

+4

72 MeV

EAGLE IEP UW HIL,

NCNR ‘wierk, UŠ,

Hulub ei

08.10�12.10

16
O

+3
Test of the cyclotron HIL

22.10�24.10

20
Ne

+3

54 MeV

Student workshop HIL

25.10�26.10

32
S

+5
Test of the cyclotron HIL

05.11�23.11

32
S

+5

95 MeV

EAGLE CEA,

KU Leuven

HIL, IEP UW ,

NCNR ‘wierk, UŠ,

GANIL

26.11�27.11

16
O

+4
Test of the cyclotron HIL

04, 05, 08.12

16
O

+4
Test of the cyclotron HIL

10.12�14.12

4
He

+1 211
At pro duction HIL US, INCT, INP

A measuring bar for magnetic measurements in the median plane of the cyclotron was

designed but the fabrication of the system was p ostp oned to 2014 due to lack of �nancial

sources and shortages in manp ower. These measurements are needed to improve the

transmission factor during acceleration, esp ecially for the new ECR ion source op erating

with at least 5 kV higher extraction voltage in comparison to the old one. Work to improve
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the transmission in the cyclotron vertical line using the electrostatic quadrup oles has also

b een carried out in 2012.

Some exp eriments require go o d control of the b eam duty factor. A series of exp er-

iments was thus carried out to design a chopp er system in the injection line. A mo del

system was fabricated and preliminarily checked. The system will b e �nally develop ed in

2013.

Due to the ageing of the cyclotron, in 2012 technical forces were fo cused on improving

the technical infrastructure. One of the most imp ortant improvements of the cyclotron

functionality will b e achieved with replacement of the RF ampli�ers, some of the p ower

supplies and crucial parts of the vacuum system. A series of tenders were solicited in

2012 to cho ose a supplier for the RF ampli�er. Unfortunately no satisfactory o�ers were

received. A new tender is scheduled for 2013.

HIL has joined the Europ ean EMILIE pro ject which aims at the improvement of charge

breeder e�ciency. The purp ose of participating in this pro ject is to increase knowledge

and practices concerning ion sources of the ECR typ e.
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A.3 EAGLE � the central Europ ean Array for Gamma Levels

Evaluation

J. Mierzejewski

1
, J. Srebrny

1
, M. Kowalczyk

1;2
, M. Kisieli«ski

1;3
T. Abraham

1
,

M. Komorowska

2;1
, Ch. Droste

2
, E. Grodner

2
, T. Marchlewski

1;2
, J. Andrzejewski

4
,

J. Perkowski

4
, J. Samorajczyk

4
, Š. Janiak

4
, K. Hady«ska-Kl¦k

1
, P. Napiorkowski

1
,

K. Wrzosek-Lipska

1;5
, M. Zieli«ska

6
J. Iwanicki

1

1) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

2) Institute of Experimental Physics, University of Warsaw, Warszawa, Poland

3) The National Centre for Nuclear Research, Otwock, ‘wierk, Poland

4) Faculty of Physics and Applied Computer Science, University of Lodz, Šód¹, Poland

5) Instituut voor Kern- en Stralingfysica, K.U. Leuven, Leuven, Belgium

6) IRFU/SPhN, CEA Saclay, Gif-sur-Yvette, France

The EAGLE array (central Europ ean Array for Gamma Levels Evaluations [1], Fig. 1)

has b een designed as a multi-con�guration detector set-up for in-b eam nuclear sp ec-

troscopy studies at the Heavy Ion Lab oratory of the University of Warsaw. The EAGLE

collab oration combines over 60 scientists from 20 institutes all around Europ e. The array

can accommo date a maximum of 30 Compton suppressed Ge detectors coupled to various

ancillary devices, such as a conversion-electron sp ectrometer, the Köln-Bucharest plunger,

a compact scattering chamb er equipp ed with 110 PIN dio des placed at backward angles,

the 4� inner ball consisting of 60 BaF 2 crystals and a 30 element 4� silicon detector ar-

ray. Until June 2011 EAGLE was equipp ed with 12 ACS HPGe detectors and had a total

photo-p eak e�ciency of 0.5% at 1.3 MeV. This initial con�guration was replaced by a

con�guration with 15 Eurogam Phase1 ACS HPGe detectors loaned by GAMMAPOOL,

with a photo p eak e�ciency equal to 1.8%. In addition, 5 GASP-typ e ACS HPGe detec-

tors were used in spring 2012 by courtesy of the JUROGAM I I collab oration, increasing

the photo p eak e�ciency to 2.4%.

The scienti�c case of the EAGLE pro ject fo cuses on the phenomenon of sp ontaneous

symmetry breaking in atomic nuclei. Exp eriments p erformed during the EAGLE cam-

paigns (Octob er 2011�June 2013) revolved around three main research axes:

Exp erimental study of chiral symmetry breaking

Following the research that led to the discovery of the sp ontaneous chiral symmetry break-

ing phenomenon in

128
Cs [2] and

126
Cs [3], DSAM lifetime measurements of the excited

states of the chiral partner bands in

124
Cs were p erformed. Preliminary results [4] indicate

the �rst observation of the critical frequency in nuclear chiral rotation [5].

Tests of K-quantum numb er conservation: studies of K-isomers by combined

gamma and internal conversion electron sp ectroscopy

The collab oration continued research on the role of triaxiality in the breaking of K selection

rules that was demonstrated to b e imp ortant in the decay of the I � = K pi = 8 �
isomeric

state in

132
Ce (N = 74) [6]. In 2012, the decay of K-isomers in

134
Nd (N = 74) and

184
Pt

(N = 106) was studied.
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Figure 1: EAGLE 
 -ray sp ectroscopy array at HIL.

Shap e co existence and shap e evolution studied by measurements of transition

probabilities

To complement the Coulomb excitation measurement of

42
Ca carried out in the �rst

run of AGATA at LNL, an exp eriment was p erformed aiming at re�nement of the low

spin level scheme of this nucleus. The excited states in

42
Ca were p opulated in the

12
C (

32
S,2p)

42
Ca reaction. The results are crucial for the analysis of the COULEX data [7].

Moreover, EAGLE was coupled to the Köln-Bucharest plunger device in order to measure

the lifetimes of low-lying states in

140
Sm and

125
Cs . The

140
Sm exp eriment complements

the COULEX measurements p erformed at the REX-ISOLDE facility. Two COULEX runs

with

32
S b eams were p erformed:

107
Ag and

70
Zn.

The ab ove mentioned exp eriments form the basis of 6 on-going PhD theses and sev-

eral MSc and BSc pro jects. A workshop devoted to EAGLE exp eriments was organ-

ised at HIL in January 2012 � see the programme at http://www.slcj.uw.edu.pl /

en/experiments/eagle/PAC- EA GLE- pgm Jan2 012v 2.pd f . Besides the rich scienti�c pro-

gramme, the EAGLE array is also used for teaching and training purp oses, esp ecially in

the students workshops organised at HIL [8, 9].
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A.4 Maintenance of 20 HPGe GAMMAPOOL detectors during

the exp erimental campaign at HIL in 2012

T. Abraham, M. Kisieli«ski

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

Twenty High Purity Germanium detectors (HPGe) as well as 15 BGO anti-Compton

shields arrived at the Heavy Ion Lab oratory in July 2011. The detectors were transferred

to HIL for use in exp eriments with the Europ ean Array for Gamma Levels Evaluations

(EAGLE) [1, 2] in the p erio d July 2011 till June 2013, within the framework of the

GAMMAPOOL collab oration.

The equipment was tested after arrival and 16 HPGe detectors and all 15 BGO shields

met the requirements for use in EAGLE [1]. In 2012 the detectors were employed in

6 exp eriments, with a total in-b eam time of 45 days. The HPGe detectors while in use

in-b eam su�er so-called neutron damage. The neutrons pro duced in nuclear reactions

hit the germanium crystal in the detector and cause disturbances in its crystal network.

This e�ect impairs the p erformance of the detectors by increasing the noise, worsening

the energy resolution. The a�ected detector may b e cured by a pro cess of annealing. The

whole annealing cycle lasts one week and in HIL it is p ossible to anneal two detectors at

a time, using two regeneration set-ups (see Fig. 1), lo cated in the detector lab oratory [2].

In 2012 the annealing pro cess was p erformed 28 times to ensure the detectors used in

exp eriments provided results of the highest p ossible quality.

Figure 1: HPGe detector regeneration set-ups at HIL.

In autumn 2012, one memb er of the sta� resp onsible for the quality of the germanium

detectors to ok part in a one week training course at CEA Saclay (France). The workshop

was fo cused on repairing and testing germanium segmented detectors and their cryostats,

and metho ds of supplying the detectors with liquid nitrogen. The training was provided

as a part of the STT-LPP ERASMUS programme.
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A.5 High voltage supplies for the HIL injection line

M. Sobolewski, J. Miszczak, Z. Kruszy«ski

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

A set of eight high voltage p ower supplies was required to p ower up the electrostatic

lenses in the cyclotron injection line [1]. The electrical requirements for the supplies were

mo dest (up to 1 kV of voltage, and up to 1 mA of current), but additional constraints like

switchable p olarity, changeable con�guration (steering-quadrup ole), lo cal/remote control

for b oth the p ower supply and the high voltage switch, made the whole design more

complicated. Since the p ower supplies work basically in pairs, it was decided to build

in-house four dual p ower supplies to simplify the HV switches and the control circuitry,

instead of buying single output p ower supplies and designing and building an elab orate

switching matrix, as well as the asso ciated control and protection circuitry. The supplies

have lo cal digital read-out, output over-current protection, voltage stability, and other

parameters similar to comparable commercial units, and have p erformed �awlessly since

their installation in mid 2012.
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A.6 RF team activity rep ort

A. Bednarek, T. Bracha, K. Sosnowski

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

In 2012, the RF generator team handled ab out 15 planned exp eriments, several tests

and international student workshops. During this p erio d, in spite of the RF team e�orts,

a numb er of generator system failures o ccurred. These were mainly due to the natural

wear of the comp onents.

At the b eginning of the year we had to deal with the loss of the insulating prop erties

of the Te�on insulators in the coupling lo op of resonators A and B. The reason was the

dep osition of a metallic layer on the insulators due to the long lasting op eration of the

cyclotron.

In the middle of the year we overhauled the high-voltage p ower supplies in generator A

and B. We also replaced a broken capacitor in the driver ampli�er �Henry� in generator A.

There was also a water leak in the co oling system of generator A. Op erators were warned

in time by an alarm installed last year. We replaced the co oling water hoses of the p ower

stage.

Before the summer break we repaired corro ded ground connection of the variable

vacuum capacitor of the ano de resonant system of the p ower stage. We �xed the worn

out cardan joint of the mechanical system for tuning this capacitor. Before the holidays

there was a failure of the resonator coupling lo op A. We replaced the sealing elements

from the side of the feeder and from the side of the imp edance matching capacitor. At the

end of the year there was a failure of the variable vacuum capacitor of the ano de p ower

stage A. The capacitor has b een replaced. It was decided to supplement the reserve of

these capacitors.
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A.7 Activity rep ort of the electrical supp ort group

M. Kopka, W. Kozaczka, P. Krysiak, Z. Morozowicz, K. Pietrzak

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

Activities of the electrical supp ort group in 2012 were mainly fo cused on maintaining

the existing electrical infrastructure. The group also dealt with the repair of failed p ower

supplies. A set of p ower supplies which p ower optical devices in the b eam lines are

ending their technical lives therefore it was decided to gradually replace them with new

mo dels. This pro ject requires ma jor changes in the energy infrastructure as well as the

control metho ds and software. The implementation of the new system started in April

2012. Consecutive steps are planned over the next years dep ending on available funds. In

particular the following ma jor repairs and out of routine tasks were carried out in 2012:

� Repair and adjustment of p ower supplies UZ1, UZ2, and the p ower supplies of the

quadrup oles.

� Sup ervising work on assembling the new p ower switching station RGW, to p ower

the high frequency generators and the PET Lab oratory.

The following routine measurements and maintenance pro cedures were p erformed:

� Measurement and maintenance of p ower supplies, electromagnets and the wiring of

the lab oratory equipment.

� Measurement and maintenance of the electrical p ower system and the electrical

installation, including lighting inside and outside of the HIL building.

In addition, �ve memb ers of the electrical supp ort group p erformed regular cyclotron

op erator duties according to the schedule of exp eriments. They also participated in the

science p opularisation and teaching activities at HIL: guided tours of the facility, Polish

Workshop of Acceleration of Heavy Ions, International Workshop on Acceleration and

Applications of Heavy Ions, and Festival of Science.
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A.8 Educational and science p opularisation activities at HIL

A. Trzci«ska

1
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, M. Zieli«ska
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, O. Steczkiewicz
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1) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

2) Institute of Experimental Physics, University of Warsaw, Warszawa, Poland

3) IRFU/SPhN, CEA Saclay, Gif-sur-Yvette, France

4) Faculty of Physics, Warsaw University of Technology, Warszawa, Poland

For many years the Lab oratory has b een strongly involved in education and science

p opularisation. Guided tours at HIL have b ecome a regular activity. These �live� lessons

on the cyclotron and nuclear physics continue to enjoy p opularity in high scho ols, including

ones from outside Warsaw. During the guided tour visitors can see the control ro om and

the cyclotron, and get acquainted with the facilities installed in the Lab oratory, as well as

the exp eriments p erformed here. Short lectures providing a basic intro duction to nuclear

physics and the principles of cyclotron op eration are also o�ered, esp ecially to high scho ol

students. Tours are free of charge.

In 2012, 25 groups (almost 700 p eople) visited our Lab oratory. High-scho ol classes

were the largest category of visitors, but we also welcomed students from faculties of the

University of Warsaw: Physics and Biology, as well as from the Maria Curie-Skªo dowska

University in Lublin, and the Warsaw University of Technology. Participants in the Sum-

mer Scho ol of Physics organised by the Faculty of Physics, University of Warsaw, and

groups of physics teachers were also among our visitors.

In Septemb er HIL participated in the annual Festival of Science for the 16th time.

Besides the standard series of so-called Festival Lessons on physics for secondary scho ol

classes, we prepared a series of lectures and shows on sub jects related to nuclear physics

and its applications in technology and medicine. These meetings to ok place on 21 Septem-

b er and were accompanied by guided tours of the cyclotron. In the framework of the

Festival of Science, we also organised the �nal presentation of the EUREKA contest for

the most talented secondary scho ol pupils, who prepared sp ecial pro jects in physics or

chemistry.

On May 19, 2012, more than 500 guests of di�erent ages and backgrounds visited HIL

on the o ccasion of the �Europ ean Night of Museums�. In this event, not only museums

remain op en late into the evening, but also other institutions which are not normally

accessible (e.g. ministries, embassies, scienti�c institutes, etc.) op en their do ors to the

general public. Traditionally, guided tours of the facility attracted most attention, but

our guests could also enjoy a p erformance of the improvisational theatre LUBIETO, listen

to a sp ecial concert given by young musicians supp orted by the Polish Children's Fund

or participate in a measurement of natural radioactivity.

The Eighth Polish Workshop on the Acceleration and Applications of Heavy Ions was

organised at HIL in Octob er 2012 (see Sec. A.9 of this Rep ort), and for the third time

we also hosted an international version of the workshop (Sec. A.10). For the �rst time

we organised a one week �Summer Scho ol on the Acceleration and Applications of Heavy

Ions� for nuclear physics students (Sec. A.10). HIL sta� memb ers are also engaged in

sup ervising MSc and PhD theses � see Sec. E.1.
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A.9 Polish Workshop on the Acceleration and Applications of

Heavy Ions

P.J. Napiorkowski
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1) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

2) Institute of Experimental Physics, University of Warsaw, Warszawa, Poland

3) Faculty of Chemistry, University of Warsaw, Warszawa, Poland

4) The National Centre for Nuclear Research, Otwock, ‘wierk, Poland

The Polish Workshop on the Acceleration and Applications of Heavy Ions has b een

organised at HIL every year since 2005. It is intended for students of �rst cycles studies

interested in nuclear physics, and o�ers them a unique opp ortunity to gain exp erience

in metho ds of data acquisition and analysis, in op erating the cyclotron including b eam

diagnostics measurements, and in charged particle and gamma-ray detection techniques.

In 2012 the Workshop was organised as a general university course for the �rst time.

The new status attracted to the Workshop 5 students from the University of Warsaw.

They attended lectures and practical training together with 15 students who came from

other Polish universities: 6 from the University of Silesia, 4 from the Jagiellonian Uni-

versity in Kraków, 2 from the Adam Mickiewicz University in Pozna«, 2 from Szczecin

University and 1 student from the Maria Curie Skªo dowska University in Lublin. The

Workshop was concluded by student presentations � each group prepared a 20 minute

talk on their measurements and results.

In 2012, the programme of lectures was as follows:

� Presentation of HIL (K. Rusek);

� Radioprotection at HIL (R. Ta«czyk);

� Intro duction to heavy ion acceleration and elements of ion optics (O. Steczkiewicz);

� Radiopharmaceuticals for Positron Emission Tomography (K. Kilian).

� Detection of gamma radiation, charged particles and neutrons (M. Palacz);

� In-b eam gamma sp ectroscopy (P. Napiorkowski);

� Targets for nuclear physics (A. Stolarz),

� Radioactive decays as a source of nuclear structure information (Z. Janas),

� Nuclear reactors and p ower plants (P. Olbratowski),

Students to ok part in the following exp erimental tasks:

� Beam fo cusing in heavy ion acceleration;

� Beam energy measurements based on Rutherford scattering;

� Identi�cation of excited bands in gamma-gamma coincidences;
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� Thin target pro duction and thickness control;

� Measurement of

137
Cs activity in environmental samples;

� Radiopharmaceuticals - pro ductions and quality control .

The inclusion in the programme of a task related to radiopharmaceuticals b ecame p os-

sible thanks to the newly op ened facility at HIL � The Radiopharmaceuticals Pro duction

and Research Centre. The students got acquainted with various chemistry techniques used

in medical applications of nuclear physics.
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A.10 International student training programmes at HIL

M. Zieli«ska

1
, A. Trzci«ska

2
, I. Boztosun

3
, I. Martel

4
, S. Lalkovski

5

1) IRFU/SPhN, CEA Saclay, Gif-sur-Yvette, France

2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

3) Akdeniz University, Antalya, Turkey

4) University of Huelva, Huelva, Spain

5) So�a University �St. Kliment Ohridski�, So�a, Bulgaria

Nuclear physics students have often quite limited p ossibilities to b ecome acquainted

with mo dern scienti�c apparatus. Low quality and out-of-date equipment as well as the

basic, uninspiring character of lab oratory exercises are among the main complaints in

student questionnaires concerning lab oratories at physics faculties in Poland.

To meet the needs of Polish nuclear physics students, the Heavy Ion Lab oratory or-

ganised the �rst Workshop on the Acceleration and Applications of Heavy Ions in 2005,

which, after the success of the �rst edition, has b een rep eated every year since [1]. In

general, the workshops were very well received by participants, who appreciated esp ecially

the p ossibility of p erforming nuclear physics measurements using real scienti�c equipment,

used every day for research, and the exp erience of work in an accelerator lab oratory. The

evaluation showed, however, that the participants judge the time allo cated for the work-

shop (6 working days) as b eing to o short to fully b ene�t from it. Larger working groups

(4 p ersons and more) were also disfavoured.

These remarks were taken into account when organising the International Workshops

on the Acceleration and Applications of Heavy Ions [2] based on this concept. A consor-

tium of four universities: University of Warsaw, University of Huelva (Spain), So�a Uni-

versity �Saint Kliment Ohridski� (Bulgaria) and Akdeniz University in Antalya (Turkey)

obtained signi�cant �nancial supp ort from the ERASMUS LLP Programme for three edi-

tions of this event. In order to b e eligible for this typ e of funding (under the so-called

Erasmus Intensive Programme initiative), several conditions concerning the duration and

intensity of the course as well as the numb er of foreign participants had to b e ful�lled.

Only students a�liated to partner institutions forming the consortium can b ene�t from

the ERASMUS �nancial supp ort that we received. The workshop is integrated in the

teaching programmes at the partner institutions: students from Warsaw, Huelva and An-

talya receive ECTS credits up on successful completion of the course, and in Huelva it

has b ecome a mandatory course for the second cycle of studies in the �eld of nuclear

engineering.

In 2012, the programme of lectures included sub jects such as target preparation, pre-

sentation of various exp erimental techniques as well as applications of nuclear metho ds in

other �elds, for example medicine and nuclear energy. B. Fornal, P. Olko, K. Mazurek (In-

stitute for Nuclear Physics, Kraków), N. Alamanos, C. Simenel, M. Zieli«ska (CEA Saclay,

France), K.W. Kemp er (Florida State University, Tallahassee, USA), I. Martel (Univer-

sity of Huelva, Spain), I. Boztosun (Akdeniz University, Antalya, Turkey), S. Kistryn

(Jagiellonian University, Kraków), K. Czerski (University of Szczecin) and L. Pró chniak

(Maria Curie-Sklo dowska University in Lublin), were among the lecturers along with sev-

eral researchers from HIL (K. Rusek, A. Stolarz, M. Palacz, L. Pie«kowski, K. Kilian) and

the Institute of Exp erimental Physics, University of Warsaw (Z. Janas, T. Matulewicz).
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Twenty students (Fig. 1) from four countries to ok part in the following exp erimental

tasks:

A. Gamma-ray sp ectroscopy (sup ervisors: M. Palacz, T. Abraham);

B. Rutherford scattering (sup ervisors: J. Iwanicki, J. Srebrny, I. Stro jek);

C. Nuclear reactions � exp erimental (sup ervisors: I. Martel, K. Kemp er, I. Stro jek);

D. Nuclear reactions � theory (sup ervisors: K. Rusek, I. Boztosun, N. Keeley)

E. TOF measurements with scintillators (sup ervisor: V. Kozhuharov) and particle de-

tector tests (sup ervisor: A. Kordyasz);

F. Fast timing (sup ervisors: K. Hady«ska-Kl¦k, P.J. Napiorkowski)

G. Measurements of activity in biological samples (sup ervisor: A. Trzci«ska) + prepa-

ration of targets for nuclear physics (sup ervisors: A. Stolarz, A. Trzci«ska)

Figure 1: Participants and teachers of the I I International Workshop on the Acceleration

and Applications of Heavy Ions, HIL, 26 February � 10 March 2012

Student presentations in the form of 20 minute talks on the measurements and results

of each team, concluding the workshop, were assessed by an external international jury

consisting of four sp ecialists in the domain of nuclear physics.

The funding from the LLP Erasmus Programme cannot b e extended b eyond three

years and thus an e�ort has b een made to preserve this initiative b eyond the p erio d of

supp ort. The �rst edition of the Summer Scho ol on the Acceleration and Applications

of Heavy Ions [3] to ok place at July 1-7, 2012, and attracted 11 students from Armenia,

Belgium, Croatia, Italy, Poland, Russia and Spain (Fig. 2). The lectures and student

exercises prepared for the two-week workshop were used after necessary adaptation to

the shorter duration of the scho ol. The task sup ervisors were mostly from outside HIL

(N. Patronis � University of Ioannina, Greece, K. Wrzosek-Lipska � KU Leuven, Belgium,

M. Zieli«ska � CEA Saclay, France, A. Stolarz, A. Trzci«ska � HIL).

To the b est of our knowledge, apart from the Workshops on the Acceleration and

Applications of Heavy Ions organised at HIL, there is no other training of this kind o�ered

by Europ ean accelerator centres. Existing training programmes and summer scho ols do

not provide accelerator b eam time and sophisticated equipment for teaching purp oses
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Figure 2: Participants and teachers of the Summer Scho ol on the Acceleration and Ap-

plications of Heavy Ions, HIL, 1�7 July 2012

only: the common practice is to incorp orate students into research groups and assign them

routine and sometimes unskilled tasks. In this asp ect, our pro ject is unique and innovative:

it o�ers real hands-on exp erience with mo dern equipment and an opp ortunity to work in

an international group on an op en problem. In addition to sp eci�c knowledge on metho ds

of data acquisition and analysis, in op erating the cyclotron (including b eam diagnostics

measurements) and in charged particle and gamma-ray detection techniques, participation

in the workshop enables the students to develop their teamwork and communication skills

as well as their ability to deal with op en questions and to think critically. The pro ject

encourages b oth student and teacher mobility and strengthens the existing collab oration

b etween participating institutions.
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B.1 The Op ening Ceremony of the Radiopharmaceuticals Pro-

duction and Research Centre at the Heavy Ion Lab oratory

of the University of Warsaw, May 15, 2012, followed by an

International Conference PETRAD2012

a

J. Choi«ski, J. Jastrz¦bski

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

Two imp ortant events happ ened at the Heavy Ion Lab oratory of the University of

Warsaw in May this year. First, on May 15 the new Radiopharmaceuticals Pro duction

and Research Centre (RPRC) was inaugurated by the Rector Elect, Prof. Marcin Paªys.

The construction of this Centre, lo cated on the premises of the Lab oratory, was supp orted

by grants from the Ministry of Sciences, International Atomic Energy Agency, Ministry of

Health and Europ ean Structural Funds. General Electric Medical System Company was

the main contractor for the adaptation of the building and the provision of the PETtrace

proton/deuteron cyclotron together with the FDG pro duction line.

Figure 1: Op ening ceremony guests.

The cyclotron of the RPRC is the second accelerator op erated by the Lab oratory,

where the �rst machine, accelerating heavy ions, was launched in 1993 for fundamental

research in nuclear physics and its applications. The existence of an excellent accelerator

construction and op eration team together with a nearby Nuclear Medicine Department at

the Warsaw Medical University Clinical Hospital was the main rationale for the develop-

ment of the Lab oratory into the domain of medical radioisotop e and radiopharmaceuticals

pro duction.

Besides the 100 micro-Amp eres proton machine, the new Centre consists of two adja-

cent lab oratories equipp ed with hot cells, radiopharmaceutical synthesisers and disp ensers.

The �rst lab oratory is devoted to the routine, every-day pro duction of the most classic

a

Text originally published in Nuclear Medicine Review 2012, 15, 2:85�86
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Figure 2: Op ening ceremony guests.

PET radiopharmaceutical: �uoro-deoxy-glucose (FDG) with the intention to b e the sup-

plier of at least the Warsaw PET cameras. The second Lab oratory is intended to p erform

research on new innovative radiopharmaceuticals and to pro duce radiopharmaceuticals

based on

11
C for pre-clinical research at the neighb ouring Nuclear Medicine Department.

The pro duction of

15
O is also considered for p erfusion research at this Department. To

this end, however, a capillary underground connection b etween the two Lab oratories will

need to b e constructed. The well equipp ed Quality Control Lab oratory completes the

RPRC facility.

During the op ening ceremony, attended by more than a hundred of participants from

Warsaw, elsewhere in Poland and from abroad, group visits were organised, allowing

our guests to b ecome acquainted not only with the new Centre but also with the whole

Lab oratory with its large, heavy ion accelerator and exp erimental stations.

On the evening of the following day a Get Together party for the participants of the

Positron Emission Tomography in Research and Diagnostics (PETRAD2012) Interna-

tional Conference was organised in the Lab oratory Building. The Conference was op ened

on May 17 and lasted till mid-day of May 19. 140 Conference participants came from 29

di�erent countries, b oth within Europ e and further a�eld. They heard 14 invited talks

presented by world class sp ecialists in Positron Emission Tomography and a numb er of

contributed communications. They could also attend the Poster Session and select three

b est p osters for oral presentation. (see Nuclear Medicine Review Vol. 15, Supplement

A for the Conference Abstracts). The Conference Pro ceedings will b e published as a

Supplement to NMR.
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B.2 The Radiopharmaceuticals Pro duction and Research Centre

at the Heavy Ion Lab oratory of the University of Warsaw

b

J. Choi«ski, J. Jastrz¦bski, K. Kilian, I. Mazur, P.J. Napiorkowski, A. P¦kal,

D. Szczepaniak

Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland

Intro duction

At the b eginning of this century, after more than six years successful op eration of the

U-200P heavy ion cyclotron and after the installation of the home-made ECR ion source,

the Heavy Ion Lab oratory (HIL) management decided that a new direction in the devel-

opment of the Lab oratory was necessary in order to maintain its vitality and place at the

forefront of the Polish research infrastructure.

After profound internal discussions followed by the approval of the Lab oratory Scien-

ti�c Council the decision was taken that from a numb er of options considered the most

appropriate would b e the installation on the premises of HIL of a new, commercial cy-

clotron for the pro duction of medical radioisotop es, with sp ecial emphasis on those used

for Positron Emission Tomography (PET).

At that time PET techniques had not yet b een intro duced in Poland. The motivation

of the decision taken was mainly based on two arguments. First, the Lab oratory team had

long exp erience and exp ertise unique in Poland in cyclotron op eration, so the installation

of a second machine of this typ e at HIL should not give ma jor running problems. Another

argument was the vicinity of the Nuclear Medicine Department of the (at that time)

Warsaw Academy of Medicine where the installation of a PET scanner was seriously

considered.

Two ma jor events o ccurred at the b eginning of 2003. In February the �rst PET Centre

in Poland was inaugurated at the Oncology Centre of the Prof. Lukaszczyk Memorial Hos-

pital in Bydgoszcz with a 10 MeV proton cyclotron and PET/CT scanner. This pioneering

initiative �nanced by Hospital funds had an enormous impact on the promotion of this

branch of nuclear medicine in Poland. Similar funding was not imaginable in the case of

the HIL pro ject. Instead, a Warsaw Consortium for PET Collab oration was organised by

HIL together with the Nuclear Medicine Department with the ob jective of obtaining the

necessary funding to create a pro duction centre for PET radiopharmaceuticals in Warsaw.

So on twenty Warsaw scienti�c and diagnostic centres had adhered to the Consortium.

In the second half of the same year a prop osal was submitted to the International

Atomic Energy Agency (IAEA) for supp ort of the pro ject within the Technical Co op-

eration Program aiming at the installation at HIL of a commercial cyclotron for the

pro duction of PET radioisotop es. This prop osal was strongly supp orted by the Minister

of Sciences and the Minister of Health, with declarations to contribute substantially to

the cost of this pro ject. A crucial step was the �nal decision by the Minister of Sciences,

taken at the end of 2004, to allo cate to this pro ject a grant of 10 Mzª for the adaptation of

the building and purchase of equipment, shortly followed by a second grant allo cated by

the IAEA of the order of 1 MUS$ for the purchase of the cyclotron. In the following years

b

Text originally published in Nuclear Medicine Review 2012, 15, Suppl. C: C5�C8



34 HIL Annual Rep ort 2012

consecutive grants from the Ministry of Health and Europ ean Structural Funds allowed

almost all the necessary funds to b e collected and eventually completed, during the �nal

construction phase, by the University of Warsaw. The participation of the IAEA in the

pro ject was not limited to the purchase of equipment; its whole realisation was aided by

the Agency's exp ertise in the planning of the site design, tender preparation and launch-

ing, and by its contribution to the training of the Lab oratory team during a numb er of

years b efore completion of the pro ject.

Pro ject implementation

After many months of preparation, in February 2006 the Agency launched a turn-key

tender for the complete execution of the Radiopharmaceuticals Pro duction and Research

Centre (RPRC present name) at the premises of the Heavy Ion Lab oratory. The tender

included the adaptation of the building, the cyclotron and the equipment for the FDG

(�uoro-deoxy-glucose) pro duction line. At the end of the same year the General Electric

Medical Systems Company was declared as the successful bidder. The ab ove mentioned

successive grants allowed a more extended (in comparison with the tender terms) com-

pletion of the Centre pro ject, describ ed in more detail b elow.

The very fact that all the funds collected for the construction of the Centre were

not available at the moment of the tender launch substantially delayed the completion

of the pro ject. A numb er of unexp ected events also contributed to the accumulated

delays. Fortunately, during the �rst half of this year all building adaptation and equipment

installation work was completed and on May 15, 2012 the Centre was o�cially inaugurated

by the Rector Elect of the University of Warsaw [1].

Description of the centre

Pro ject rationale

From the very b eginning it was assumed that, based on the pro duced short lived radioiso-

top es, b oth commercial and research activities would b e conducted at the RPRC. To

this end chemical equipment allowing the pro duction, distribution and quality control of

various radiopharmaceuticals would have to b e installed. The area for the everyday pro-

duction of the most p opular commercial PET radiopharmaceutical, �uoro-deoxy-glucose

(FDG), would b e separated from the research one. It would also b e useful for separate

quality control areas to b e arranged for commercial and research activities. As describ ed

b elow, the available space for the installation of the Centre and the available funds allowed

the implementation of these ob jectives.

The site pro ject also allows the construction of an external b eam line for solid target

irradiations pro ducing longer lived sp ecies during the cyclotron spare time b etween the

commercial FDG pro duction cycles. The installation of underground capillary connections

to the neighb ouring (around 500 m) Nuclear Medicine Department PET/CT scanner for

15
O transp ortation for p erfusion diagnostics will also b e p ossible when the appropriate

funds are available. Similarly, the animal micro-PET scanner, situated in the neighb ouring

Chemistry/Biology Faculties CENT I I I building, will also b e connected with the

15
O

pro duction facility.



HIL Annual Rep ort 2012 35

The Centre on the HIL Premises

In the HIL building ab out 500 sqm underground area was available and could b e adapted

to host the Centre. Figure 1 shows the ground �o or of this building, where the large

K = 160 heavy ion cyclotron, its exp erimental stations and the p osition of the RPRC are

indicated.

Figure 1: Layout of the ground �o or of the HIL building. Lower part of the layout shows

the heavy ion cyclotron, its b eam lines and the nuclear physics exp erimental stations.

Upp er part shows the Radiopharmaceuticals Pro duction and Research Centre, placed

6 m underground (adapted from Ref. [2]).

Centre layout and equipment

The layout of the Centre is displayed in Figures 2, 3, 4. The GE PETtrace cyclotron

(Fig. 5) is able to deliver up to 100 microamp eres proton current of 16.5 MeV energy and
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up to 60 microamp eres, 8.4 MeV energy deuterons. As indicated ab ove, the chemistry

area is comp osed of two parts: the so called area L1 for the everyday synthesis and

disp ensing of the most current radiopharmaceutical FDG, intended for the commercial

activity of the Centre, and area L2 for the research activity. In area L1 two hot cells

(single and double, Fig. 6) host the FDG automatic synthesis and disp ensing units. In

area L2 two single and two double hot cells are available equipp ed with a universal

18
F

synthesis unit (for FDG but also other

18
F-based radiopharmaceuticals) and a complete

11
C -based radiopharmaceuticals line with appropriate synthesis and disp ensing units. A

15
O based water synthesis unit is also available there.

Figure 2: Layout of the RPRC. The proton/deuteron cyclotron and its control ro om is

placed on the left part of the �gure. Two indep endent pro duction ro oms are placed in the

middle of the �gure (the �rst one for the routine FDG pro duction and the second one for

other, also innovative, radiopharmaceuticals). The Quality Control ro om is placed in the

right part of the �gure (adapted from Refs. [2, 4]).

Figure 3: A 3D view of the RPRC represented in Figure 2 (courtesy of the M + W group,

building adaptation designer and executor).
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Figure 4: Enlarged view of the pro duction ro oms (adapted from Ref. [3]).

Figure 5: The PETtrace p/d cyclotron. Figure 6: Hot cells in the research lab ora-

tory (photo Grzegorz Krzy»ewski).

Exp ected centre activity

Besides the regular everyday pro duction of the commercialised FDG radiopharmaceutical,

syntheses of other known sp ecies are planned for preclinical research in collab oration with

institutions b elonging to the Warsaw Consortium for PET Collab oration or memb ers of

the Ochota Campus network. At the very b eginning, dep ending on the expressed needs,

the pro duction of

18
F-FLT,

18
F-Choline or

18
F-Dopa may b egin almost immediately. Two

fully equipp ed

11
C radiopharmaceuticals synthesis lines can b e used for e.g.

11
C-Choline,

11
C -Acetate or

11
C-Methionine pro duction.

Another research area will b e innovative radiopharmaceuticals for PET and combined

imaging metho ds (PET-NMR). The research work and the application activity is fo cused

mainly on new drugs applied in oncology, cardiology and neurology, signi�cant �elds of

mo dern medicine.
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The initial aim is to develop pro duction technologies for substrates like

11
C-halogenes,

11
C -alcohols and

11
CO 2 , for studies of functioning and functional changes in the nervous

system, to answer questions on the origin and course of Alzheimer's disease, Parkinson s

disease or various forms of schizophrenia. The next task is to create the infrastructure for

the pro duction and application of

15
O marked water in advanced cardiologic and neuro-

logical diagnostics. The research programme strongly supp orts the activities conducted

by neighb ouring institutions: the Medical University of Warsaw, which is interested in

applying the ab ove radiopharmaceuticals in clinical practice and the Institute of Exp eri-

mental Biology, fo cused on

15
O application in research on neurobiological pro cesses and

fundamental research on the mechanisms of mental illnesses. An imp ortant example of

cyclotron b eam use for non-PET radiopharmaceuticals will b e research into an alternative

(via accelerators) way of pro ducing the most p opular isotop e in nuclear medicine,

99m
Tc ,

presently obtained from the nuclear reactor pro duced

99
Mo generator.

Summary and conclusions

Supp orted by grants from the Ministry of Sciences, International Atomic Energy Agency,

Ministry of Health, Europ ean Structural Funds and the University of Warsaw resources

the Radiopharmaceuticals Pro duction and Research Centre was created on the premises of

the University of Warsaw Heavy Ion Lab oratory. The main ob jective of the Centre will b e

the pro duction of and research into Positron Emission Tomography radiopharmaceuticals.

However, after the installation of the external b eam line the available high intensity proton

or deuteron b eam will also b e used for the pro duction of other longer lived radioisotop es

for life-sciences applications.
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The

99m
Tc isotop e is the most p opular radioisotop e in nuclear medicine. More than

90% of currently available radiopharmaceuticals for SPECT technology are pro duced with

this isotop e. This radioisotop e is obtained from the

99
Mo generator, pro duced via the

�ssion route in nuclear reactors, sp ecially designed to have a very intense neutron �ux in

their core with a limited p ower output to enhance the pro duction pro cess. Such high �ux

research reactors were constructed by governmental research groups and heavily funded

by grants more than 40 years ago. The actual worldwide problem is the availability of

these sp eci�c reactors, since they are almost all very old and prompt to multiple failures or

repairs. The recent unexp ected shutdown of the Chalk River and Petten reactors caused

a worldwide crisis in the supply of

99m
Tc .

This was the reason which prompted a search for an alternative way to pro duce this

isotop e, using particle accelerators. There are several p otential reactions that can b e used

for pro duction of

99m
Tc in this way. In Ref. [1] direct cyclotron pro duction of

99m
Tc by

the (p,2n) reaction on a

100
Mo target is recommended as a short term solution. The most

advanced studies have so far b een p erformed and published by a Canadian team [2]. Re-

cently, the International Atomic Energy Agency (IAEA) launched a Co ordinated Research

Pro ject (CRP) for research into the accelerator pro duction of this isotop e. Calculations

indicate that via the reaction

100
Mo(p,2n)

99m
Tc, having a maximum cross section at 15�

16 MeV, up to 6 Ci of

99m
Tc can b e pro duced during one 6 hour-long cycle of proton

irradiation. Irradiations made 2�3 times p er day on a common medical cyclotron with

150 A proton current would b e su�cient to supply a large metrop olitan area. The

100
Mo

material needed for the reaction is sold by a commercial isotop e supplier at purity greater

than 99.5%.

In Warsaw a consortium of three institutions was established to carry out a research

programme on accelerator pro duction of the

99m
Tc radioisotop e: POLATOM at the Na-

tional Centre for Nuclear Research, the Heavy Ion Lab oratory (HIL) at the University of

Warsaw and the Institute of Nuclear Chemistry and Technology. This consortium is a

memb er of the IAEA Co ordinated Research Pro ject with a one year Research Contract

(with p ossible prolongation) and was recently awarded a research grant by the Polish

funding agency NCBiR (National Centre of Research and Development).
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The pro ject aim was to develop metho ds of synthesis, quality control and physico-

chemical characteristics of copp er and gallium complexes with p orphyrins, as p otential

candidates for diagnostic and therap eutic radiopharmaceuticals in nuclear medicine.

The PET technique is applied in the study of functioning and functional changes in

the human b o dy, enabling, among others, precise oncology diagnostics. It is also an

appreciated diagnostic metho d in cardiology, allowing the condition of the cardiovascular

system to b e evaluated in a non-invasive way.

Porphyrin and its derivatives exhibit a�nity for tumor cells. Hence, p orphyrins la-

b elled with a suitable therap eutic or diagnostic radionuclide could b e envisaged as p oten-

tial agents for tumor therapy and diagnostics.

The main goal of this pro ject was to obtain p orphyrin complexes with copp er or

gallium with a reasonable synthesis path, acceptable kinetics and purity.

64
Cu and

68
Ga are describ ed in the literature as p otentially e�ective diagnostic ra-

dioisotop es, used in p ositron emission tomography (PET). The quality of imaging is in

some applications comparable to the quality of imaging with

18
F, which is one of the most

frequently used isotop es in PET.

In recent years

68
Ga has gained imp ortance in molecular imaging by p ositron emission

tomography. Due to the advantages of the easy availability of

68
Ga from the generator

68
Ge/

68
Ga, go o d radiation prop erties ( T1=2 = 68 min, 90% � +

-decay) and rich Ga

3+
co ordination chemistry. These factors may cause a considerable increase in interest in

68
Ga-lab elled comp ounds in biology and medicine.

The wide half-life range of other isotop es of copp er allows imaging of pro cesses with

di�erent dynamics, while the identical chemistry of the lab elling pro cess is maintained.

In addition copp er-64, b ecause of its decay scheme, is also used as a therap eutic agent.

The reaction of p orphyrins with Cu(I I) and Ga(I I I), was studied sp ectrophotometri-

cally and the kinetics of the pro cess was optimised (Fig. 1). On the basis of the SAT

mechanism and determined kinetics of these reactions, fast metho ds for the synthesis

of Cu(I I) and Ga(I I I) complexes were develop ed (Fig. 2). Using �cold� comp ounds, all

required characteristics of the complexes were determined and a full synthesis and puri�-

cation path was de�ned. After validation of synthesis pro cedure and separation metho ds,

lab elling reactions with

64
Cu and

68
Ga will b e p erformed.
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Figure 1: Kinetic sp ectra of Cu-Tetracarob oxyphenylop orphyrin formation.

Figure 2: FT-IR sp ectra of tetracarb oxyphenylop orphyrin (blue, red) and Ga-

Tetracarob oxyphenylop orphyrin complex.
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B.5 Quality control of radiopharmaceuticals
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The comp ound used routinely for Positron Emission Tomography is a derivative of glu-

cose, lab elled with a radioactive isotop e �uorine-18 (

18
FDG-Fluoro deoxyglucose). For the

synthesis of

18
F-�uoro deoxyglucose automatic synthesisers are used, allowing a synthesis

time of less than 30 minutes with a yield of over 60% EOB.

One of the most imp ortant asp ects of working with

18
FDG is the short time (ab out

30 minutes) that can b e sp ent on quality control and release pro cedures, thus the sp eed,

simplicity and reliability of develop ed analytical metho ds are critical factors. For radio-

pharmaceuticals the general requirements are listed in the Europ ean Pharmacop o eia and

these parameters have to b e checked b efore application for human use.

The aim of this study was to synthesise

18
F-FDG in some consecutive runs and check

the quality of the manufactured radiopharmaceuticals. Source of the isotop e was the

GE PETTrace 8 medical cyclotron with a 16.5 MeV, 80 microamp ere b eam, with a high-

yield niobium target, delivering up to 300 GBq after 2 h of irradiation. For synthesis a

dedicated GE MXFDG unit was used. Radiopharmaceutical was sterilised by �ltration

and disp ensed in automatic system DDS-Vials. To ensure the quality of FDG the following

control metho ds were develop ed and validated with certi�ed reference standards (CRS):

� Nuclidic purity,

� Residual organic solvents content,

� Radio chemical purity,

� Isotonicity and pH,

� Krypto�x content.

Nuclidic purity

Nuclidic purity was determined using gamma sp ectroscopy with b oth NaI and Ge de-

tectors. The �rst was used for fast sp ectra recording of main comp onents and half-life

determination (108 min). In all the samples main line at 511� 6 keV was determined

with the sum p eak at 1.022 MeV. Long term studies with the Ge detector showed trace

(sub-ppb) content of metallic impurities, identi�ed as

57
Co,

58
Co,

56
Co,

52
Mn,

54
Mn and

51
Cr .

Residual organic solvents

Organic solvents were determined with headspace gas chromatography (HS-GC). In all

samples acetonitrile and ethanol were determined quantitatively, with traces of methanol

observed in some samples. For the determination an originally develop ed metho d was

used, where separation of organic solvents was completed in 1 minute (Fig. 1) with total

time of analysis b elow 4 minutes, whereas pharmacop o eial metho d or pro cedures describ ed

in the literature need ab out 20 minutes for complete separation only.
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Figure 1: Gas-chromatographic separation of residual solvents. Signals, in order of ap-

p earance: methanol, ethanol, acetornitrile.

Figure 2: Gas-chromatographic separation of residual solvents. Signals, in order of ap-

p earance: methanol, ethanol, acetornitrile.

Radio chemical purity

Radio chemical purity was determined with the standard metho d (thin layer chromatogra-

phy, acetonitrile:water 95:5) and all impurities were determined and identi�ed with CRSs

(Fig 2).

All samples met the acceptance criteria and ful�lled the requirements of the Europ ean

Pharmacop o eia (Table 1).

Determined values in n=6 consecutive runs

Parameter Acceptance criteria Value

pH 4:5 � � 8:5 6:24� � 6:75
Osmolality 280� � 310 mOsm 293� 14 mOsm

Residual solvents - ethanol < 3000 mg/kg 29� 1 mg/kg

Residual solvents - acetonitrile < 4:10 mg/V 0:77� 0:03 mg/V

Krypto�x content < 2:2 mg/V Pass

Radio chemical purity > 95 % 98:6 � 0:6 %

Table 1: Determined QC parameters in

18
F-FDG
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In the last few years sp ecial attention has b een concentrated on alpha-particle emitters

as therap eutic radioisotop es. Alpha particles, thanks to their large linear energy transfer

(LET � � 100 keV/ � m) are very well suited to double-strand breaking of malignant cells.

Their range in tissue is 40�100 � m which corresp onds to the dimension of a few cells.

They are very e�ective in the destruction of small tumours of a few cells in dimension

with much lower interaction with surrounding healthy cells, provided a vector molecule

that can e�ectively seek out the tumour cells is identi�ed and the link b etween this

molecule and the alpha-particle emitter is chemically established.

The

211
At isotop e is one of the most promising alpha emitters that could b e applied

in radionuclide targeted therapy. However, until now its links to the vector molecule are

still in the research phase, although some preclinical studies have already b een published.

211
At is pro duced at the Warsaw heavy ion cyclotron via the

209
Bi( � ,2n)

211
At reac-

tion [1]. The irradiated samples are transp orted to the Institute of Nuclear Chemistry

and Technology where a new metho d for binding

211
At to substance P, a p eptide with

high a�nity to receptors of glioma cancer cells, is b eing investigated. For binding

211
At to

substance P we plan to use the N-succinimidyl 3-[*I]io dob enzoate metho d and the �metal

bridge� approach develop ed in our lab oratory. The radiobio conjugates obtained will b e

examined for their stability and cell binding a�nity. As a research result, we exp ect to

obtain a radiopharmaceutical for glioma cancer treatment after tumour resection.

Another way of searching for

211
At carriers consists in the investigation of silver coated

TiO 2 nanoparticles. The chemical investigation of this metho d is also b eing conducted

by our team [2].

The

211
At is pro duced during one working week irradiation runs when the cyclotron

parameters are set for the most e�cient internal irradiation conditions. The samples for

the chemistry investigations are pro duced during night p erio ds whereas the day b eam time

is used for the e�ciency calibrations and other research related to the He

+
irradiation

conditions. In 2012 three one week runs were p erformed with the irradiated samples

transp orted to the ›era« Lab oratory every morning. There the astatine was distilled

at 650

�
C with a nitrogen �ow of 120 ml/min. and condensed in PEEK-(p olyether ether

ketone)-capillary trap. The capillary trap immersed in an ethanol-liquid nitrogen co oling

bath was kept at -50

�
C. For 100 � m Bi targets and p erp endicular b eam impact on the

target, ab out 200 MBq (EOB) of

211
At was pro duced with 500 nA He

+
b eam during one

night irradiation. Ab out 50% of this activity was extracted from the irradiated targets

for chemical research.
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The cyclotron-pro duced � -emitter At-211 is particularly propitious for application to

targeted radionuclide therapy of cancer, esp ecially for treatment of micrometastatic dis-

ease and cancer that is resistant to other forms of radiation (e.g. melanoma). Therefore,

it is imp ortant to describ e the physical pattern of the interaction of At-211 at the DNA

level, shortly, to provide physical descriptors based on a nano dosimetry approach. The

nano dosimetric descriptors are derived from a frequency distribution of ion clusters which

can b e determined exp erimentally. A �rst exp erimental attempt to describ e the nano dosi-

metric descriptors of At-211 was carried out using the device called �Jet Counter� [1] at

the National Centre for Nuclear Research. The radioactive source of At-211 was provided

by a group of researchers from HIL and INCT [2].

An At-211 source was obtained by evap oration of At from ethanol solution on an Al

ro d supp ort with 5 mm diameter. The emitted alpha particle sp ectrum of this source

was measured on a Si sp ectrometer and is shown in Figure 1. Two mono-energetic lines

are seen, namely 5.87 MeV due to the decay of At-211 and 7.45 MeV due to the decay of

Po-211 (daughter of At-211).

Figure 1: Measured sp ectra of alpha parti-

cles emitted by a sample with At-211

.

Figure 2: Frequency distribution of ionisa-

tion cluster size generated by alpha parti-

cles from At-211. Squares � exp erimental

p oints, triangles � Poisson distribution for

the mean cluster size.

The cluster size sp ectrum generated by this source in a nitrogen cavity with dimension

of 3 nm (on a unit density scale) was measured and preliminary results are seen in Figure 2,

together with the Poisson distribution calculated for the mean cluster size (exp erimental).
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The goal of our measurements was to study K selection rule violation for electromag-

netic transitions in nuclei with mass numb er A � 130 and neutron numb er N = 74 by

determination of absolute transition probabilities from the decay of the I � = K � = 8 �

isomeric state observed in even-even nuclides [1, 2]. Their mo des of decay are di�erent,

but decay branches of E1 transitions with a degree of K forbiddenness n = 7 , leading

directly to the 8+
memb er of the ground state band with K = 0 , have b een found in

several nuclei such as

130
Ba,

134
Nd,

136
Sm, and

138
Gd. This branch severely violates the K

selection rule. The main goal of the measurement was to determine the multip olarities of

the gamma transitions de-exciting the I � = K � = 8 �
isomeric state in

134
Nd and con�rm

the existing decay path of this isomer by de-excitation to the 
 band ( 8� ! 5+
) (see

Fig. 1).

Figure 1: Total electron sp ectrum from the reaction:

16
O + 122

Te ! 128
Te

�
. The following

lines may b e recognised: decay of the isomeric state I � = K � = 8 �
in

134
Nd (text in

rectangles), decay of

134
Pr and decay of

135
Ce (b old text).

This state was p opulated in the

122
Te (

16
O,4n)

134
Nd reaction . A

16
O b eam with an
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energy of 90 MeV and intensity of 40 enA from the cyclotron of the Heavy Ion Lab oratory

was used. The exp eriment was p erformed in e- 
 and 
 - 
 coincidence mo des using the

electron sp ectrometer [3] coupled to the EAGLE gamma-ray array [4]. The sp ectroscopy of

internal conversion electrons in coincidence with 
 rays allows multip olarities and absolute

values of the transition probabilities to b e determined.

The �b eam-o� � total electron sp ectrum collected during 100 hours of measurement

is presented in Fig. 1. The exp erimentally obtained value of the conversion co e�cients

for the K line for the ( 8� ! 6+
) 874 keV transition is � K = 0:007(9). The summed

electron sp ectrum in coincidence with the 294, 495 and 631 keV 
 -ray transitions is shown

in Fig. 2. Comparison of this value with theoretically predicted conversion co e�cients

( � K ( E3 ) = 0 :00551, alphaK ( M2 ) = 0 :0103 [5]) suggests that this is an E3/M2 mixed

transition. The p ostulated decay path of this isomer to the 
 band ( 8� ! 5+
) is not seen.

Figure 2: The summed �b eam-o� � electron sp ectrum in coincidence with the 294, 495 and

631 keV 
 -ray transitions.
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The Coulomb excitation of

107
Ag was measured in Novemb er 2012 using an 84 MeV

32
S b eam delivered by the Warsaw Cyclotron. The main goal of the exp eriment was to

extract quadrup ole moments of the 3/2

�
and 5/2

�
states, as well as relative signs of the

E2 and M1 matrix elements which couple higher-lying excited states. The determination

of the signs and the magnitudes of matrix elements, esp ecially quadrup ole moments, is

crucial to understanding the character of the low-lying states of

107
Ag and will provide a

stringent test for di�erent theoretical approaches based mainly on various �particle plus

core� coupling mo dels, e.g. [1�3]. The second motivation for this study comes from the fact

that missing information on the quadrup ole moment of the 3/2

�
and 5/2

�
states in

107
Ag

seriously complicates the analysis of recent Coulomb excitation studies of exotic nuclei,

where this isotop e has b een used as a target. In such exp eriments, the absolute excitation

cross-section of the pro jectile is determined by normalising to the target excitation, which

dep ends b oth on known B(E2) values and quadrup ole moments. Therefore a precise

normalisation is not p ossible, when the latter values are unknown. This may lead to

ambiguity in the �nal results obtained for the exotic nuclei.

The gamma rays de-p opulating Coulomb excited states of

107
Ag were detected by the

EAGLE array [4] consisting of 15 HPGe detectors of 70 % e�ciency equipp ed with anti-

Compton BGO shields. A compact Coulex chamb er (the so-called Munich Chamb er),

inside which 48 small PIN-dio des were placed, each of 0.5 � 0.5 cm

2
active area, was used

to detect the back-scattered b eam particles. The PIN-dio des were placed at backward

angles, with resp ect to the b eam direction to enhance the probability of multi-step ex-

citation. The particle detection system covered the angular range from 121

�
to 157

�
in

the lab oratory frame. The measurements were carried out in particle-gamma coincidence

mo de. The b eam intensity varied b etween 0.1 � 0.5 pnA.

Fig. 1 presents low-energy part of the level scheme for

107
Ag together with 
 -ray

transitions observed in the exp eriment.

A sample 
 -ray sp ectrum of

107
Ag detected in prompt coincidence with scattered

32
S

particles is shown in Fig 2. This sp ectrum was collected during the �rst 40 hours (out of

216 hours) of data taking and is summed over all HPGe and particle detectors. In the

exp eriment a thick

107
Ag target was used in order to avoid the Doppler broadening of
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Figure 1: Low-energy part of the level scheme of

107
Ag p opulated in the Coulomb excita-

tion exp eriment p erformed at HIL in Novemb er 2012.

the 
 -lines originating from states whose lifetimes are in the range of a few picoseconds.

Gamma ray transitions dep opulating the 3/2

�
2 state are clearly Doppler broadened since

they were emitted in �ight ( � 3=2�
2

= 0.37 ps).

The data collected are encouraging. The 9/2

�
1 and 7/2

�
1 states, p opulated exclusively

in the double step Coulomb excitation pro cess, are clearly observed via de-excitation 
 -

ray transitions: 724 keV, 550 keV and 649 keV. These 
 lines are of particular interest to

us, as the analysis of their intensities, based on the di�erent pro jectile scattering angle,

will increase the exp erimental sensitivity to the quadrup ole moment of the 3/2

�
1 and 5/2

�
1

states.
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Figure 2: Gamma ray sp ectrum of

107
Ag Coulomb excited by a

32
S b eam, summed over

all HPGe and particle detectors. The 
 -rays are in prompt coincidence with the scattered

pro jectiles.
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Shell evolution in the vicinity of the spherical nucleus

68
Ni has recently attracted

many theoretical and exp erimental investigations. By now it has b een clearly established

that the presumed subshell closure at N=40 is not very pronounced. While the intruder

character of the 1 g9=2 and 2 d5=2 neutron orbital induces collectivity by pair excitations

from the fp shell into the g9=2 orbital, the parity change hinders quadrup ole excitations and

therefore mimics the prop erties of a doubly magic nucleus in

68
Ni, i.e., a high 2

+
1 energy

and a low B(E2; 2

+
1 ! 0+

1 ) value. Adding valence nucleons to the N=40 op en shell leads

to a rapid increase of collectivity, with an interplay of b oth collective and single-particle

degrees of freedom. Such rapid changes indicate underlying complex e�ects and make this

region ideal for testing theoretical calculations. While measurements of B(E2; 2

+
1 ! 0+

1 )

values are useful to investigate the evolution of collectivity along isotopic chains, even

more insight into the collective b ehaviour can b e gained by measuring lifetimes of higher-

lying states. Almost all stable and neutron-rich Zn isotop es present an anomalously low

B(E2; 4

+
1 ! 2+

1 )/ B(E2; 2

+
1 ! 0+

1 ) ratio of 1 or less, which is normally observed only

around closed shells. A strong increase of collectivity of the 4

+
1 state was observed for

70
Zn [1] and could not b e explained in the framework of nuclear structure mo dels. A

recent lifetime measurement [2] yielded a considerably longer lifetime for this state, yet

its accuracy was not su�cient to draw any �rm conclusions.

Given the complex scheme of low-lying states in

70
Zn including many nearly degen-

erate transitions, Coulomb excitation seemed a more appropriate metho d to study this

nucleus. A dedicated Coulomb excitation measurement was p erformed at the Heavy Ion

Lab oratory, University of Warsaw, to measure the B(E2; 4

+
1 ! 2+

1 ) in

70
Zn. The gamma

rays from Coulomb excited states in

70
Zn were detected by the EAGLE array [3] of 15

ACS Ge detectors of 70% e�ciency, working in coincidence with 48 PIN-dio de detectors of

scattered b eam particles. The particle detectors were placed in the backward hemisphere

to enhance the probability of multi-step Coulomb excitation.

The

32
S b eam was chosen for this measurement as a compromise b etween kinematical

constraints (requirement of detection of back-scattered b eam particles at energies ab ove

the typical noise level for this setup made it imp ossible to use b eams of Ar or heavier ions)

and relative p opulation of the 4

+
state with resp ect to 3

�
1 . As the 4

+
1 ! 2+

1 and 3

�
1 ! 2+

3

lines form a doublet at 902 keV, the contribution of the latter to the observed intensity

was minimised by using a relatively heavy b eam. The b eam energy was degraded from
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82 MeV to 68 MeV by an Al foil placed at the entrance of the scattering chamb er (see

Fig. 1).

Figure 1: Backward hemisphere of the scattering chamb er, with the degrader and PIN-

dio de detectors visible.

Another p otential exp erimental problem was related to the relatively short lifetimes

(b elow 2 ps) of several excited states in

70
Zn. For a thick target measurement, the stopping

time of recoils would b e comparable to the lifetimes of the excited states, and an imp ortant

part of the detected gamma-rays would b e emitted from recoils slowing down in the target

material, which would strongly complicate the data analysis. This e�ect was minimised

by using a thin

70
Zn target of 0.6 mg/cm

2
, prepared at the GANIL target lab oratory.

Assuming the lifetime of the 4

+
state equal to 1.9 ps [1], the observed tail of the gamma

line was estimated to b e b elow 5% for all scattering angles used (120�150 degrees) and

even less if a longer lifetime [2] is assumed. The data are currently under analysis.
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Exp erimental data for the di�erential cross sections [1] for

16
O+

12
C elastic scattering

near the Coulomb barrier showed a signi�cant rise in the backward hemisphere, which

can b e explained by the alpha-cluster transfer mechanism. In this contribution we rep ort

on a recent measurement p erformed at a higher energy, well ab ove the barrier, in order

to further study this e�ect.

Di�erential cross sections for elastic scattering of oxygen ions from

12
C nuclei were

measured using a 41.3 MeV b eam from the U-200P cyclotron at the Heavy Ion Lab oratory

of the University of Warsaw, at a wide range of scattering angles. The charged particle

detection system ICARE was employed for particle identi�cation ( � E � E metho d) and

for measurement of their energy sp ectra. The data are plotted in Figure 1. In the

forward hemisphere the measured angular distribution shows weak oscillations, whereas

at backward angles there is a well-pronounced oscillatory structure showing a signi�cant

enhancement of the di�erential cross section with angle. Such b ehaviour of the angular

distributions of elastic scattering of heavy ions is p o orly describ ed in terms of the optical

mo del.

Thus, we calculated the elastic scattering of

12
C taking into account the � -cluster

exchange mechanism using the Coupled Reaction Channels (CRC) metho d and the pro-

gram FRESCO [2]. Calculations were p erformed with an optical p otential describing

well the angular distribution at forward angles (red curve in the �gure). The parame-

ters of the p otential are listed in Table 1. A Wo o ds-Saxon p otential with radius R0 =
0:81(Acore + Acluster )1=3

fm and di�useness a = 0:65 fm was used for the calculation of the

b ound state wave-function of

16
O=

12
C + � . The p otential depth was adjusted to repro duce

the binding energy of the alpha cluster in

16
O. The CRC calculations with � -transfer in-

cluded explain the enhancement of the di�erential cross section at backward angles (green

curve in the �gure).

Table 1: Optical p otential parameters.

E (MeV) V0 (MeV) Rr (fm) ar (fm) W0 (MeV) Ri (fm) ai (fm) SF

41.3 87.383 1.21 0.56 25.0 1.31 0.273 1.8
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Figure 1: The angular distribution for

16
O elastically scattered from

12
C at an energy of

41.3 MeV. The solid circles represent exp erimental data; the solid red line represents the

theoretical prediction for pure elastic scattering, and the solid green line represents the

theoretical prediction the elastic scattering taking into account of the � -cluster exchange

mechanism by means of the CRC metho d.
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The study of barrier distributions is an on-going pro ject of the Barrier Group that

has continued for some years now. We determine the barrier height distribution in back-

scattering exp eriments using the metho d describ ed in detail in Ref. [1]. The barrier height

distribution is deduced as: Dqe(E) = � d
dE

� qe

� Ruth
where

� qe

� Ruth
is the quasi-elastic scattering

excitation function normalised to the Rutherford scattering cross section.

In our exp eriments we have fo cused on the

20
Ne pro jectile, since this nucleus has

extremely large deformation parameters: � 2 = 0:46, � 3 = 0:39, � 4 = 0:27 [2�4].

It was shown for Zr and Ni targets [5, 6] that excitation of weakly coupled but numerous

non-collective states of the target during the back-scattering of

20
Ne can give rise to

a signi�cant smo othing of the barrier height distribution, Dqe. Interpretation of this

phenomenon within the framework of the Coupled Channels metho d is di�cult since the

form factor of non-collective excitations is not known.

In the search for information necessary to elucidate further this phenomenon a new

exp eriment was prop osed and p erformed at HIL. The evolution of the Q sp ectrum (dis-

tribution of system excitation energy) with scattering angle for the system:

20
Ne +

118
Sn

was measured.

A

20
Ne b eam was delivered by the Warsaw Cyclotron and the measurements were

p erformed using the multi-detector system ICARE. The ToF (Time of Flight) technique

was used to identify the masses of back-scattered ions. The �start� signal was given by

a MCP (Micro channel Plate) detector. The �stop� signal was triggered by any of four

20� 20 mm Si detectors placed on a movable arm. The base length of the ToF system

was 33 cm.

Data analysis is in progress.
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In an exp eriment p erformed at HIL, the ICARE system and the TOF metho d were

used to detect and identify back-scattered ions emerging from scattering of 102 MeV

20
Ne

ions on a

208
Pb target. The time measurement was started by the signal of a micro channel

plate (MCP) detector, and stopp ed by an array of four 20 mm � 20 mm semiconductor

detectors, placed at an angle of 142.5

�
with resp ect to the b eam axis.

The exp eriment indicated an imp ortant role of the transfer reactions in the collision

of

20
Ne on a

208
Pb target. The two-dimensional sp ectrum collected during the exp eriment

(Fig. 1) shows a large numb er of

21
Ne nuclei pro duced in the scattering. Apart from the

neon isotop es (

22;21;20
Ne),

19
F,

16;17;18
O and

14;15
N are also present [1].

Figure 1: Typical two-dimensional E-TOF sp ectrum of the reaction pro ducts collected

during one of the exp erimental runs.

The sp ectroscopic factors of the colliding nuclei are needed to p erform calculations

of the transfer reaction cross section. Knowledge of one of them and the exp erimental

value of the cross section makes it p ossible to determine the second one. A calculation of
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the one neutron transfer (pick-up) reaction,

208
Pb (

20
Ne ,

21
Ne )

207
Pb was p erformed. The

distorted wave Born approximation (DWBA) with the p ost interaction and an optical

p otential of the form

V(r ) = ( Nr + iN i )VDF

was used. VDF is a double-folded p otential, calculated using the DFPOT co de [2] and Nr ,

N i are normalisation parameters. The sp ectroscopic factors for

208
Pb = 207

Pb + 1 n were

taken from [3]. The three strongest transfer channels leading to three low-lying states in

207
Pb and the �rst excited state in

21
Ne were included. By �tting the calculated curve to

the exp erimental data, the sp ectroscopic factor for the 1d5=2 state in

21
Ne = 20

Ne + n was

determined:

SF = 0:79

Fig. 2 shows the e�ect of the calculations including the individual channels, their sum

and the exp erimental data.

Figure 2: The cross section for the

208
Pb(

20
Ne,

21
Ne )

207
Pb transfer. The red, green and

blue curves corresp ond to calculations including the individual channels. The violet curve

represent their sum.
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Angular distributions of the

6
Li(

18
O,

17
O)

7
Li reaction were measured at an

18
O b eam

energy of 114 MeV for the ground and excited states of the exit nuclei. The data were

analysed within the coupled-reaction-channels metho d (CRC) [1].

The

6
Li+

18
O elastic and inelastic scattering channels as well as the simplest one- and

two-step reactions were included in the coupled-reaction-channels scheme. In the CRC

calculations a

6
Li+

18
O p otential with parameters deduced from the elastic scattering data

measured (simultaneously) with the reaction, was used for the entrance channel.

The sp ectroscopic amplitudes of nucleons and clusters were calculated within the

translational-invariant shell mo del (TIMO). The

7
Li+

17
O p otential parameters were de-

duced by �tting the

6
Li(

18
O,

17
O)

7
Li reaction data. It was found that n-transfer dominates

in this reaction (Fig. 1).

Figure 1: Di�erential cross-section of the

6
Li(

18
O,

17
O)

7
Li reaction at E lab(18

O ) =
114 MeV. Curves show CRC calculations for transfers of n, d+p, d+t and � +

3
He , as

marked on the plot.

Isotopic di�erences of the

7
Li+

17
O,

7
Li+

18
O and

7
Li+

16
O p otentials were studied, see
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Fig. 2.

Figure 2: Comparison of the

7
Li +

16;17;18
O p otentials (a, b) as well as the

7
Li +

17
O

p otential calculated with the double-folding metho d (c).
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New exp erimental data for di�erential cross-sections of

14
C (

11
B,

11
B)

14
C inelastic scat-

tering at the energy E lab (

11
B)=45 MeV were measured for transitions of the

11
B nucleus

to the excited states at 2.12�8.56 MeV [1].

The exp erimental data were analysed within the optical mo del (OM) and coupled-

reaction channels (CRC) metho d. Elastic and inelastic scattering, reorientation of

11
B

spin and the simplest transfers of nucleons and clusters were included in the coupling

scheme. Wo o ds-Saxon optical mo del parameters for the

14
C+

11
B interaction and de-

formation parameters of

11
B were deduced. Contributions of one- and two-step transfer

reactions to the elastic and inelastic channels of

14
C+

11
B scattering were obtained (Fig. 1).

Figure 1: Di�erential cross-sections of the

14
C +

11
B elastic scattering at E lab (

11
B)=45 MeV.

Curves show the CRC-calculations for p otential scattering (p ot),

11
B reorientation (reor)

and transfer of nucleons and clusters x+y (x, xy, tr).

It was found that the low-energy excited states of

11
B have a collective nature (Fig. 2).

In Fig 3, the

14
C+

11
B optical p otential is compared with the corresp onding double-folding

p otential.
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Figure 2: Di�erential cross-sections of the

14
C+

11
B inelastic scattering

at E lab (

11
B)=45 MeV. Curves show the CRC-calculations for transition to the

11
B

exited states of collective nature.

Figure 3: Comparison of the

14
C +

11
B optical p otential with the double-folded p otential.
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C.9 Single diamonds and diamond p olycristal layers obtained by

the MWCVD pro cess
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Using the MWCVD reactor [1, 2] with optical stabilisation of target temp erature [3] we

have obtained diamonds grown on high resistivity (1500 
 � cm < � < 5000 
 � cm), n-typ e,

7 mm diameter, 300 � m thick silicon wafers. The diamonds were created at a temp erature

of ab out 650

�
C, pressure 70 Th and a concentration of butane/H 2 of ab out 2%. During

8 days pro cess p erformed on p olished silicon surface separate single diamond crystals

of diameter ab out 0.2 mm were grown (Figure 1). For diamond detector purp oses the

diamond p olycrystal layers were created by p erforming the MWCVD pro cess on a lapp ed

silicon surface (Figure 2).

Figure 1: Diamond single crystals grown on

a p olished silicon surface.

Figure 2: Diamond p olycrystal layer grown

on a lapp ed silicon surface.
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C.10 New technology for thin silicon ion implanted epitaxial de-
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The technology of thin silicon epitaxial ion implanted detectors is illustrated by Fig. 1.

We started with a silicon epitaxial structure n

+
- n, of resistivity and thickness of the

epitaxial layer of ab out 900 
 � cm and 21 � m, resp ectively, grown on a thick (400 � m),

low resistivity (0.01 
 � cm) substrate (upp er part of the �gure). The substrate of the

n

+
- n structure was removed by ano dic dissolution [1] (middle part of the �gure). The

external part of the substrate close to the wafer edge supp orts mechanically the thin silicon

epitaxial membrane. The top of the etched silicon n

+
- n epitaxial structure was collimated

by an Al mask (see the lower part of the �gure) in order to select the region of the epitaxial

layer for 50 keV B

+
ion implantation with the dose 5 � 1014

ions/cm

2
. After implantation

was �nished, Al metalisation through the Al mask was p erformed. The 50 keV B

+
ions

implanted in the silicon epitaxial layer pro duce p+
- n junctions and the evap orated Al

creates an electric contact to the p

+
implanted layer face of the detector. The back detector

contact was made by Al evap oration to the back side of the wafer. To activate the detector

p

+
- n junction, the wafer was baked for a long time. In this way a detector with an active

area 20� 20 mm

2
was used to build E- � E telescop e with a 500 � m thick silicon E detector.

Preliminary tests of this telescop e were conducted at LNS cyclotron in Catania (Italy)

using the pro ducts of the heavy ion reaction

84
Kr (E=35 MeV/A) +

112
Sn.The E- � E

scatter plot of measured results is presented in Fig. 2 and the charge distribution of the

measured ions is shown in Fig. 3 . Additional tests of the thin detector (measurement

of thickness distribution using 11.2 MeV � particles from

252
Cf, C-V measurements and

current-voltage characteristics) are in preparation.
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50 KeV Boron ions  implantation folowed by Al evaporation

Al evaporation followed by long time baking of the Si detector

Low resistivity, n-type thick Si substrate

High resistivity, thin, n-type Si epitaxial layer 

Al
mask

Anodic dissolution of Si substrate

Figure 1: Technology of thin silicon detectors. We use n+
- n silicon structure (upp er part

of �gure). The low-resistivity n+
substrate was removed by ano dic dissolution (central

part of �gure) then 50 keV B

+
ion implantation followed by Al metalisation was p erformed

through Al mask on the n-typ e epitaxial 21 � m silicon membrane. After Al metalisation

of back side the wafer was baked during long time.

The essence of the new technology is the application of the low temp erature

baking pro cess for p ost-implantation thermal treatment instead of the high temp erature

annealing pro cess used elsewhere.The new technology gives the p ossibility of applying

the baking pro cess after evap oration of metal contacts on b oth sides of the detector. An
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Figure 2: E � � E scatter plot obtained using the E � � E telescop e consisting of 21 � m � E

detectors with an active area of 20 * 20 mm

2
and a 500 � m E detector.

Figure 3: Charge distribution distribution of ions detected by the E � � E telescop e.

additional achievement of the technology is the p ossibility to use a common Al mask for

ion implantation and Al evap oration on the detector face side.
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D.1 Preliminary results from the
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Ca Coulomb excitation
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In order to resolve the existing ambiguities concerning the magnitude of the defor-

mation of the side rotational band in

42
Ca, a Coulomb excitation measurement has b een

p erformed to measure the B(E2) values [1]. The exp eriment to ok place in 2010 at the

Lab oratori Nazionali di Legnaro. The 
 -ray sp ectrometer AGATA Demonstrator [2] cou-

pled to the charged particle detection set-up DANTE [3] was used for the �rst time during

the exp eriment.

Doppler correction was p erformed based on the information of particle scattering angle

provided by MCP detectors. In addition to the 
 lines coming from known low energy

states in

42
Ca, 
 rays dep opulating the Coulomb excited states of lead target nuclei

are visible. These lines were signi�cantly broadened since the Doppler correction was

p erformed for the

42
Ca scattered pro jectile.

Transitions deexciting the highly deformed side band were observed, as well as 
 rays

from the decay of low-lying states in the yrast band. It was p ossible to detect Coulomb

excited levels up to 4

+
in b oth the ground state and the highly deformed band (Figure 1).

The least squares �tting co de GOSIA [4] was used to determine E2 reduced matrix

elements in

42
Ca from the Coulomb excitation exp eriment p erformed in LNL.

Based on the obtained set of E2 matrix elements and using the Quadrup ole Sum

Rules metho d [5] the overall deformation parameters of 0

+
1 , 2

+
1 , 4

+
1 (ground state band)

and 0

+
2 , 2

+
2 (side band) in

42
Ca were extracted for the �rst time [6]. The calculated

p
h� 2i

quadrup ole deformation parameter values are shown in Figure 2.

The relatively large

p
h� 2i values determined for the 2

+
2 and 0

+
2 states at 2424 keV and

1837 keV, resp ectively, strongly supp ort a highly deformed character of the side rotational

band. Our results also indicate a non-spherical shap e of the ground state.

Preliminary results of the COULEX analysis provided information on the electromag-

netic prop erties of the states in the side deformed band in

42
Ca by determination of the

B(E2) values. Recent results were presented at the Zakopane Conference on Nuclear

Physics, 2012 and at the Second Europ ean Nuclear Physics Conference (EuNPC 2012)

held in Bucharest, Romania.

Improved Pulse Shap e Analysis and tracking algorithms allow to the �nal data re-

construction to b e p erformed. An analysis aimed at reducing the uncertainties of recent

results is in progress.
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Figure 1: Left panel: a Doppler-corrected 
 -ray sp ectrum observed in the

42
Ca +

208
Pb

Coulomb excitation exp eriment. Right panel: The scheme of excited states in

42
Ca.

Transitions observed in the current Coulomb excitation exp eriment are marked in grey.

Figure 2: Preliminary values of the overall quadrup ole deformation parameters

p
h� 2i

calculated for 0

+
, 2

+
states in b oth ground state and side bands, as well as that of the

4

+
1 state in

42
Ca .
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We have analysed

11
Li +

208
Pb elastic scattering data at a b eam energy of 29.8 MeV,

recently measured at the TRIUMF facility [1], using the Continuum Discretized Coupled

Channels (CDCC) metho d assuming a di-neutron mo del of the pro jectile. The

11
Li nucleus

is known to b e weakly b ound, with a threshold against

9
Li + 2n breakup of only 370 keV.

The dynamic p olarisation p otential representing the e�ects of real and virtual pro cesses

taking place during the scattering was derived from the calculation. Both its parts, real

and imaginary, were found to have very long tails. The attractive tail of the real part could

b e attributed to the Coulomb couplings with the dip ole states in the

9
Li + 2n continuum.

Thus, it should b e well describ ed by a classical dip ole correction to the p otential energy,

� V = �
1
2

�
Z 2e2

R4
(1)

where Z is the charge numb er of the target nucleus, R is the distance b etween the pro jectile

and the target and the constant � is the electric dip ole p olarisability of

11
Li.

The solid curve plotted in Fig. 1 represents the real part of the dynamic p olarisation

p otential derived from the CDCC calculations. At separations larger than 40 fm it could

b e well repro duced by the p otential calculated using Eq. 1, with � = 5.7 fm

3
(dashed

curve) predicted by theory [2].

Figure 1: Real part of the dynamic p olarisation p otential for

11
Li+

208
Pb derived from the

CDCC calculation (solid curve) compared to that calculated using Eq. 1.
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D.3 Odd parity excitations of the N=Z=50 core
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Nuclei situated in the nuclidic chart close to the heaviest self-conjugate doubly-magic

nucleus

100
Sn give opp ortunities to evaluate phenomena which cannot b e observed in

other regions, like enhanced interactions of protons and neutrons situated in identical

shell mo del orbits. In spite of much exp erimental and theoretical e�ort, a numb er of

issues in the region remains unresolved � see Ref. [1] for a recent review.

One of the key p oints and questions in the region is the role of the excitations of

the N=Z=50 core. Such excitations have b een extensively studied in several close Z<50

neighb ours of

100
Sn:

101
In [3],

102
In [4, 5],

98
Cd [6, 7],

99
Cd [3],

96
Ag [2] and

97
Ag [8].

The core excited states in these nuclei are in general successfully interpreted in the Shell

Mo del space consisting of only even parity orbitals, with proton (and neutron) valence

holes lo cated in the g9=2 orbital and particle-hole excitations across the N=Z=50 gap to

the g7=2 , d5=2 , d3=2 , s1=2 orbitals. Odd-parity orbitals have so far seemed unnecessary for

the description of such core excitations, as negative parity core-excited states were not

exp erimentally observed in any of the ab ove mentioned nuclei.

Analysis of data collected in an exp eriment p erformed at the Institute de Recherches

Subatomiques in Strasb ourg, France, lead to establishing new extended level schemes of

the

97
Ag and

96
Pd nuclei, which corresp ond to systems consisting of the N=Z=50 core

and three or four proton-holes, resp ectively � see Fig. 1. The EUROBALL 
 -ray detector

array together with the Neutron Wall and EULICDES were employed in the exp eriment.

Some of the newly observed excited states have b een assigned o dd-parity, namely the

isomeric state at 8384 keV in

96
Pd, as well as states at 6306 and 6418 keV in

97
Ag. These

states were interpreted as o dd-parity N=Z=50 core excitations. Shell Mo del calculations

indicated that the corresp onding wave functions are dominated by comp onents with one

g9=2 neutron excitation across the N = 50 gap to the d5=2 and g7=2 orbitals, coupled to

o dd-parity valence con�gurations. It was also noted that a precise quantitative description

of the o dd-parity states requires a more complete mo del than the one available at present,

with larger mo del space, improved interactions, which are consistent for o dd- and even-

parity orbitals, and multiple particle-hole excitations allowed. See Refs. [9, 10] for details

of the exp eriment, data evaluation, description of the Shell Mo del calculations and an

extensive discussion.

Bibliography

[1] T. Faestermann, M. Górska and H. Grawe, Prog. Part. Nucl. Phys. 69 (2012) 85

[2] P. Boutachkov et al., Phys. Rev. C84 (2011) 044311.

[3] M. Lip oglav²ek et al. , Phys. Rev. C66 (2002) R011302.

[4] M. Lip oglav²ek et al. , Phys. Rev. C65 (2002) R051307.

[5] D. Sohler et al. , Nucl. Phys. A708 (2002) 181.

[6] A. Blazhev et al. , Phys. Rev. C69 064304 (2004).



HIL Annual Rep ort 2012 75

9/20

(13/2 )1290

(17/2 )2053

(21/2 )2344

(23/2 )4914

(27/2 )6220

(31/2 )6480

(23/2 )5252

(33/2 )6947

(25/2 )6232

(27/2 )6306

(29/2 )6418

(21/2 ) 4356

6469

2252

1290

763

291

1305

260

2571
2908

468

74

61

2012

250

(199)

980

112

97Ag

124572

(13 )6726

(14 )7037

(15 )7699

(16 )8403

(18 )9280

(17 )8967

(12 ) (6286)

(13 ) 6913

(14 ) 7376

00

21415

4
2099

62424

(5 ) 2649

(7 ) 3627

(9 ) 4226

82530

103783(8 ) 3723

(4 )

2391

(5) 2806

(19 )9707

(15,16,17)

8384

2154

311

427

564

662

1713

2340

627

463

1415

684

325
550

224

979

704

106

599

790

124

2803

649

1253
1301

976

257 706

1268

1366

324

313

877

(381)

685

973

2.2 s

37.7(1.1) ns

96Pd

Figure 1: Level schemes of

97
Ag (left) and

96
Pd (right).

[7] A. Blazhev et al. , J. Physics, Conf. Series 205 , 012035 (2010).

[8] M. Lip oglav²ek et al. , Phys. Rev. C72 (2005) 061304(R).

[9] M. Palacz et al. , Phys. Rev. C86 (2012) 014318

[10] M. Palacz et al. , Acta Phys. Pol. B44 (2013) 491



76 HIL Annual Rep ort 2012

D.4 Status of the NEDA pro ject
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13) Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden

14) RIKEN Nishina Center, Wako-shi, Japan

15) Department of Physics, University of York, York, UK

The NEutron Detector Array (NEDA) (see earlier HIL Annual rep orts [1, 2] and

Ref. [3]) will b e a new aggregate of neutron detectors, designed to op erate at stable and

radioactive b eam facilities, in conjunction with the most advanced 
 -ray detection arrays

like AGATA [4], EXOGAM2 [5], GALILEO [6] or PARIS [7]. Compared to existing

neutron detection systems (the Neutron Wall [8, 9] and the Neutron Shell [10]) NEDA

will have higher e�ciency, esp ecially for the detection of multiple neutrons, when sp ecial

measures are required to distinguish events in which real 2, 3 or 4 neutrons were registered

from events in which a single neutron interacted in more than one detector. A prerequisite

to achieve this goal is an excellent discrimination b etween neutrons and 
 rays detected

in the array. The pro cessing of signals from the NEDA detectors will b e realised in a

fully digital manner, using a version of the NUMEXO2 digitiser [11], which will assure

compatibility with the data acquisition system of the 
 -ray detectors.

NEDA will b e a p erfect to ol to study exotic neutron-de�cient and neutron-rich nuclei.

It will demonstrate its full capabilities when a complete array is built, covering 2 � of

the solid angle around the target. It is, however, foreseen to construct NEDA in steps.

At �rst, NEDA will complement detectors of the Neutron Wall array � see Fig. 1. It

is planned to use such a setup at GANIL in 2015, in connection with AGATA and the

DIAMANT charged particle detector [12].

In 2012 activities of the NEDA collab oration concentrated on: an evaluation of the

prop erties of the photomultipliers available in the market and foreseen for NEDA, de-

velopment of algorithms for the digital determination of signal arrival times, design of

prototyp e detectors, tests of the digitisers, exp erimental veri�cations of the conclusions

obtained in computer simulations [3] on the two typ es of scintillators considered, as well

as simulations of NEDA p erformance in fusion-evap oration reactions. A series of tests of

neutron detectors purchased by the NEDA collab oration were p erformed at the Legnaro

National Lab oratory, providing data to accomplish the ab ove mentioned tasks and goals.

Analysis of the data is in progress.
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Figure 1: The setup for studying exotic neutron-de�cient nuclei, consisting of a 1 �
AGATA 
 sp ectrometer, 1 � Neutron Wall, 1 � NEDA and 4 � DIAMANT charged

particle detector.
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E.1 Degrees and theses completed in 2012 or in progress

E.1.1 PhD theses of students a�liated to HIL and of HIL sta� memb ers

Jan Mierzejewski

Mechanizm niekompletnej fuzji badany z wykorzystaniem EAGLE i SiBal l

Mechanism of incomplete fusion studied with EAGLE and SiBal l

Sup ervisor: prof. dr hab. T. Matulewicz. Exp ected completion time: 2013.

Grzegorz Jaworski, Faculty of Physics, Warsaw University of Technology

Detekcja neutronów pr¦dkich w badaniach egzotycznych j¡der atomowych

Fast neutron detection in the investigations of the structure of exotic nuclei

Sup ervisor: prof. dr hab. J. Kownacki. Exp ected completion time: 2013.

Katarzyna Hady«ska-Kl¦k

Badanie struktury kolektywnej w izotopach wapnia metod¡ wzbudze« kulom-

bowskich

Studies of col lective structure in calcium isotopes using the Coulomb excitation method

Sup ervisor: prof. dr hab. M. Kici«ska-Habior. Exp ected completion time: 2013.

Daniel Pi¦tak, Institute of Radio electronics, Warsaw University of Technology

Metoda oceny jako±ci wyników z eksperymentów wzbudze« kulombowskich z

wykorzystaniem algorytmu genetycznego

Evaluation method based on a genetic algorithm for results of Coulomb excitation experi-

ments

Sup ervisor: prof. dr hab. J. Wo jciechowski. Exp ected completion time: 2013.

Izab ela Stro jek, The National Centre for Nuclear Research, Otwo ck, ‘wierk, Poland

Wpªyw struktury j¡dra

20
Ne na reakcje z jego udziaªem

In�uence of the structure of

20
Ne on reactions with this nucleus

Sup ervisor: prof. dr hab. K. Rusek. Exp ected completion time: 2013.

Anna P¦kal, Faculty of Chemistry, University of Warsaw

Wpªyw doboru procedury analitycznej na wyznaczanie wªa±ciwo±ci

antyutleniaj¡cych próbek »ywno±ci

In�uence of analytical procedure on antioxidant properties of food samples

Sup ervisor: prof. dr hab. Krystyna Pyrzy«ska. Exp ected completion time: 2013.

Šukasz Standyªo, The National Centre for Nuclear Research, Otwo ck, ‘wierk, Poland

Badanie oddziaªywania

6
He z j¡drami

206
Pb przy energiach blisko bariery ku-

lombowskiej

Study of the interaction of

6
He with

206
Pb nuclei at energies close to the Coulomb barrier

Sup ervisor: prof. dr hab. K. Rusek. Exp ected completion time: 2014

Tomasz Marchlewski

Sup ervisor: prof. dr hab. K. Rusek. Exp ected completion time: 2017
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E.1.2 Other PhD theses based on exp eriments p erformed at HIL

Šukasz Janiak, University of Šó d¹

Sup ervisor: prof. dr hab. J. Andrzejewski. Exp ected completion time: 2014.

Justyna Samora jczyk, University of Šó d¹

Sup ervisor: prof. dr hab. J. Andrzejewski. Exp ected completion time: 2014.

E.1.3 PhD, MSc and BSc theses sup ervised by HIL sta� memb ers

Urszula Ka¹mierczak, Faculty of Physics, University of Warsaw

Sup ervisor: dr hab. Z. Sze�i«ski. PhD thesis, exp ected completion time: 2014.

Ilona Gªowacka, Faculty of Physics and Applied Computer Science, University of Šó d¹

Skuteczno±¢ biologiczna jonów w¦gla w zastosowaniu do terapii nowotworów

Biological e�ectiveness of carbon ions applied to cancer therapy

Sup ervisor: dr hab. Z. Sze�i«ski. MSc thesis defended in March 2012

Jakub Pietrzak, Faculty of Physics, University of Warsaw

Rekonstrukcja obrazu w tomogra�i SPECT z wykorzystaniem technologii

programowalnych procesorow gra�cznych

Image reconstruction in Single Photon Emission Computed Tomography using CUDA

capable graphics cards

Sup ervisor: dr hab. Z. Sze�i«ski. MSc thesis defended in Septemb er 2012

Michaª Czerwi«ski, Faculty of Physics, University of Warsaw

Wpªyw dawki lokalnej na prze»ywalno±¢ kolonii komórkowych Survival of cel l

lines under in�uence of local dose

Sup ervisor: dr hab. Z. Sze�i«ski. MSc thesis defended in June 2012

El»bieta Ga jewska-Dendek, Faculty of Physics, University of Warsaw

Symulacje Monte Carlo dawki terapeutycznej w technologii CUDA Nvidia

Monte Carlo simulations of the therapeutic dose in NVIDIA CUDA technology

Sup ervisor: dr hab. Z. Sze�i«ski. MSc thesis defended in June 2012

Bartªomiej Chab ecki, Faculty of Physics, University of Warsaw

Oznaczanie czysto±ci radiochemicznej radiofarmaceutyków metod¡ TLC

(chromatogra�i cienkowarstwowej)

Determination of radiochemical purity of radiopharmaceuticals using TLC

(thin layer chromatography)

Sup ervisors: dr hab. Z. Sze�i«ski, dr K. Kilian. BSc thesis defended on 25 July 2012

Maciej Wó jcik, Faculty of Physics, University of Warsaw

Oznaczanie czysto±ci radioizotopwej radiofarmaceutyków znakowanych

18
F

Determination of radionuclide purity of

18
F label led radiopharmaceutical

Sup ervisors: dr K. Kilian, dr hab. Z. Sze�i«ski. BSc thesis defended on 28 Septemb er 2012
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Barbara Panas, Faculty of Physics, University of Warsaw

Wytwarzanie radiofarmaceutyków do Pozytonowej Tomogra�i Emisyjnej,

znakowanych

18
F

Production of Radiopharmaceuticals Positron Emission Tomography Label led

18
F

Sup ervisors: dr K. Kilian, dr hab. Z. Sze�i«ski. BSc thesis defended on 28 Septemb er 2012

Agnieszka Kunka, Faculty of Physics, University of Warsaw

Oznaczanie czysto±ci radiofarmaceutyków metod¡ chromatogra�i gazowej

Determination of purity of radiopharmaceuticals using gas chromatography

Sup ervisors: dr K. Kilian, dr hab. Z. Sze�i«ski. BSc thesis defended on 25 Septemb er 2012

Marta Wardzi«ska, Faculty of Physics, University of Warsaw

Osªabienie wi¡zki fotonów o energii 662 keV w fantomie wodnym

The attenuation of the photon beam with an energy of 662 keV in a water phantom

Sup ervisor: dr hab. Z. Sze�i«ski. BSc thesis defended in June 2012

Piotr Warzyb ok, Faculty of Physics, University of Warsaw

Konstrukcja fantomu wodnego i pomiary rozkªadu dawki na ¹ród le kobaltowym

Water phantom and dose distribution on

60
Co source

Sup ervisor: dr hab. Z. Sze�i«ski. BSc thesis defended in June 2012

Maria Pr¦gier, Faculty of Chemistry, University of Warsaw

Badanie i optymalizacja reakcji kompleksowania jonów Ga por�rynami

do zastosowa« w technikach obrazowania medycznego

Optimization of Ga complexation reaction with porphyrins for applications in molecular

imaging

Sup ervisor: prof dr hab. K. Pyrzy«ska, asso ciate sup ervisor: dr K. Kilian.

MSc thesis, exp ected completion time: June 2013

Michalina Komorowska, Faculty of Physics, University of Warsaw

Eksperymentalne wyznaczanie wzgl¦dnych przekrojów czynnych reakcji

122
Sn(

20
Ne,xnypz � ) z wykorzystaniem spektrometru EAGLE

Experimental determination of the relative cross sections in reaction

122
Sn(

20
Ne,xnypz � ) using EAGLE array

Sup ervisors: prof. dr hab. M. Kici«ska-Habior, dr J. Srebrny.

Exp ected completion time: 2013

E.1.4 Other BSc and MSc theses based on exp eriments p erformed at HIL

Tomasz Marchlewski, Faculty of Physics, University of Warsaw

Pomiar koincydencji 
 - 
 jako metoda bada« poziomów wzbudzonych

j¡dra atomowego

Study of 
 - 
 coincidences as a method to investigate nuclear excited states

Sup ervisor: dr Ernest Gro dner. MSc thesis defended in Septemb er 2012
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Alicia Ariza, University of Huelva, Huelva, Spain

Estudio de las reacciones directas y fusión-evaporación en la dispersión de

20
Ne +

12
C

Study of direct and fusion-evaporation reactions in the scattering of

20
Ne on

12
C

Sup ervisor: dr Ismael Martel. MSc thesis defended in Decemb er 2012

Justyna Chudyka, Faculty of Mathematics, Physics and Chemistry, University of Silesia

Analiza mo»liwo±ci wytwarzania »ródeª promieniotwórczych d la celów medy-

cznych przy pomocy cyklotronu U200-P

Analysis of the possibility to produce radioactive sources for medical applications using the

U200-P cyclotron

Sup erisor: prof. dr hab. W. Zipp er. MSc thesis defended in 2012

Katarzyna Tworek, Faculty of Mathematics, Physics and Chemistry, University of Silesia

Wyznaczanie pr¡du wi¡zki cz¡stek alfa przyspieszanych w cyklotronie warsza-

wskim podczas produkcji radioizotopu

211
At

Determination of the beam current of � particles in Warsaw cyclotron during the

211
At

production

Sup erisor: prof. dr hab. W. Zipp er. MSc thesis defended in 2012
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E.2 Seminars

E.2.1 Seminars co-organised by HIL

Nuclear Physics Seminars

Seminars organised jointly by the divisions of Nuclear Physics, Nuclear Spectroscopy and

Nuclear Structure Theory of the Faculty of Physics, University of Warsaw, and the Heavy

Ion Laboratory, University of Warsaw

H.O.U. Fynb o � Dep. of Phys. and Astr., Aarhus U., Denmark 12 January 2012

Cluster structure and 3 � -decay of

12
C studied by � -decay and 
 -decay

J. Bartke � Instytut Fizyki J¡drowej PAN, Kraków 19 January 2012

Maria Skªodowska-Curie w �latelistyce, numizmatyce i medalierstwie

Maria Skªodowska-Curie in philately, numismatics and art medals

G. Wro chna � NCNR, ‘wierk, Poland 16 February 2012

Narodowe Centrum Badan Jadrowych � powstanie i plany rozwoju

National Centre for Nuclear Research � the creation and development plans

R. Kotte � FZ Rossendorf, Germany 22 February 2012

Strangeness and Femtoscopy Results with HADES

I. Martel � University of Huelva, Hiszpania 01 March 2012

The Linac Research Facility at the University of Huelva (Spain)

C. Simenel � CEA, Saclay, Francja 08 March 2012

Descriptions of multi-nucleon transfer reactions with quantum microscopic

approaches

H. Biaªkowska � NCNR, ‘wierk, Poland 15 March 2012

Zderzenie j¡der oªowiu w akceleratorze LHC

Col lision of led nuclei in the LHC accelerator

J. Dobaczewski � Inst. of Theoretical Physics, Univ. of Warsaw 22 March 2012

Rotational and vibrational states in heavy nuclei described within the energy

density functional methods

L. Pró chniak � UMCS, Lublin, Poland 29 March 2012

Kolektywne stany kwadrupolowe w teorii ±redniego pola

Col lective quadrupole states in the mean �eld theory

M. Palacz � HIL 12 April 2012

Wzbudzenia rdzenia N=Z=50 badane w j¡drze

96
Pd

Excitations of the N=Z=50 core studied in

96
Pd
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P. Bednarczyk � Institute of Nuclear Research, Kraków, Poland 19 April 2012

Badania eksperymentalne kolektywnej struktury nuklidów z pobli»a j¡der

magicznych

40
Ca and

56
Ni

Experimental investigations of the col lective structure of nuclei in the vicinity of

40
Ca

and

56
Ni

K. Czerski � University of Szczecin, Szczecin, Poland 26 April 2012

Reakcje j¡drowe przy ekstremalnie niskich energiach � czy zimna fuzja

j¡drowa jest mo»liwa?

Nuclear reactions at extremely low energies � is the cold fusion possible?

Z. Janas � Inst. of Exp erimnental Physics, Univ. of Warsaw 10 May 2012

Wpªyw warunków zewn¦trznych na czas »ycia j¡der

7
Be

In�uence of the external conditions on the life-time of

7
Be

A. Trzci«ska � HIL 24 May 2012

Co determinuje ksztaªt rozkªadu barier na fuzj¦?

The shape of the fusion barriers � what it depends on?

G. Odyniec � Lawrence Berkeley National Lab., Berkeley, USA 31 May 2012

Search for the Critical Point of the Nuclear Matter Phase Diagram.

First results from the Beam Energy Scan Program at RHIC*

P. Moskal � Physics Dep., Jagiellonian U., Kraków, Poland 4 Octob er 2012

Badanie symetrii dyskretnych w rozpadach mezonów za pomoc¡ detektorów

WASA oraz KLOE

Study discrete symnmetries in mezon decays by ATLAS and CMS experiments

M. Ostrowski � Astr. Obs., Jagiellonian U., Kraków, Poland 11 Octob er 2012

Wszech±wiat w TeV'owym promieniowaniu gamma

The Universe in the TeV 
 -ray radiation

A. Kalinowski � Inst. of Exp erimnental Physics, Univ. of Warsaw 18 Octob er 2012

Obserwacja kandydata na bozon Higgsa przez eksperymenty ATLAS i CMS

Higgs candidate observation by the ATLAS and CMS experiments

K. Siegie«-Iwaniuk � NCNR, ‘wierk, Poland 25 Octob er 2012

Prawdopodobie«stwo jonizacji

6
He

+
w rozpadzie � �

6
He jonization probability

T. Lesi«ski � Inst. of Theoretical Physics, Univ. of Warsaw 8 Novemb er 2012

Less-empirical nuclear density functional theory

K. Wi±niewski � Inst. of Exp erimnental Physics, Univ. of Warsaw 15 Novemb er 2012

Klasteryzacja cz¡stek dziwnych w g¦stej materii j¡drowej

Clasterisation of strange particles in dense nuclear matter
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K. Grzelak � Inst. of Exp erimnental Physics, Univ. of Warsaw 22 Novemb er 2012

Oscylacje neutrin � najnowsze wyniki

Neutrino oscilations � the newest results

D. Tarpanov � Inst. of Theoretical Physics, Univ. of Warsaw 29 Novemb er 2012

E�ect of polarization corrections on single-particle energies

Š. ‘widerski � NCNR, ‘wierk, Poland 6 Decemb er 2012

Scyntylatory do detekcji neutronów

Neutron detection scintil lators

E.2.2 External seminars given by the HIL sta�

J. Kownacki 10 January 2012

OSIRIS-II activity at HIL

EAGLE 2012 Workshop, HIL, Warszawa, Poland

P. Napiorkowski 10 January 2012

Is the

208
Pb nucleus an ideal target for Coulomb excitation measurements?

� A study of subbarrier neutron transfer reaction with

40
Ca beam

EAGLE 2012 workshop, HIL, Warszawa, Poland

L. Pró chniak 11 January 2012

EAGLE experiments � testing nuclear structure theories

EAGLE 2012 workshop, HIL, Warszawa, Poland

P.J. Napiorkowski 22 February 2012

HIL for GANAS

GANAS Kick-o� Meeting, Bormio, Italy

G. Jaworski 22�25 February 2012

How to build neutron multiplicity �lter NEDA � simulations

and experimental tests

1st Topical Workshop on Mo dern Asp ects in Nuclear Structure, Bormio, Italy

P.J. Napiorkowski 5�7 March 2012

Nuclear Microscope at the Heavy Ion Laboratory � invited talk

Frontiers in Gamma Sp ectroscopy conference, New Delhi, India

L. Pró chniak 29 March 2012

Dublety pasm rotacyjnych w j¡drach nieparzysto-nieparzystych

Dublets of rotational bands in odd-odd nuclei

Maria Skªo dowska-Curie University, Lublin, Poland
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K. Rusek 26�29 March 2012

Scattering of

8
He on

208
Pb at energies around the Coulomb barrier

DREB 2012 Conference, Pisa, Italy

K. Rusek 19 April 2012

Fizyka J¡drowa i jej medyczne zastosowania

Nuclear Physics and its medical applications

National Centre for Nuclear Research, ‘wierk, Poland

J. Jastrz¦bski 15 May 2012

Historia Budowy �Radiopharmeceuticals Production and Research Centre�

The history of the construction of the Radiopharmeceuticals Production

and Research Centre

Radiopharmeceuticals Pro duction and Research Centre Op enning Ceremony,

HIL, Warszawa, Poland

J. Choi«ski 16�19 May 2012

Recently opened �Radipharmaceuticals Production and Research Centre�

at HIL UW

PETRAD2012 Conference, HIL, Warszawa, Poland

J. Choi«ski 16�19 May 2012

Radiopharmaceuticals Production and Research Center at HIL UW

� invited talk

PETRAD2012 Conference, HIL, Warszawa, Poland

J. Choi«ski 25 May 2012

‘rodowiskowe Laboratorium Ci¦»kich Jonów Uniwersytetu Warszawskiego

jako przykªad laboratorium typu �users facility�

Heavy Ion Laboratory of the University of Warsaw as an example of a �users facility�

Maria Skªo dowska-Curie University, Lublin, Poland

M. Palacz 4�6 June 2012

NEDA (Neutron Detector Array)

COPIGAL Workshop, Kraków, Poland

E. Piasecki 4�6 June 2012

Barrier Height Distribution Studies at HIL

COPIGAL Workshop, Kraków, Poland

K. Rusek 4�6 June 2012

Structure of exotic halo nuclei

COPIGAL Workshop, Kraków, Poland

K. Rusek 18�21 June 2012

Nuclear Physics and its medical applications at the Polish National Cyclotron

Laboratory (Warsaw/Cracow) � invited talk

ENSAR ECOS Workshop, Menaggio, Italy
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K. Hady«ska-Kl¦k 25�28 June 2012

Coulomb excitation of the presumably superdeformed band in

42
Ca

EGAN 2012 Workshop, Orsay, France

A. Stolarz 25�28 June 2012

Targets for nuclear spectroscopy studies and not only � invited talk

EGAN 2012 Workshop, Orsay, France

J. Mierzejewski 25�28 June 2012

4 � silicon bal l � � E detectors for channel selection and ful l energy spectrum

determination

EGAN 2012 Workshop, Orsay, France

G. Jaworski 28 June 2012

Neutron multiplicity �lter NEDA � properties of BC501A

and BC537 scintil lators

EGAN 2012 Workshop, Ancillary Detectors Group Meeting, Orsay, France

G. Jaworski 28 June 2012

On the edge of neutron detection � innovative NEDA tests

EGAN 2012 Workshop, Ancillary Detectors Group Meeting, Orsay, France

G. Jaworski 28 June 2012

RFD simulations

EGAN 2012 Workshop, Simulations Group Meeting, Orsay, France

G. Jaworski 28 June 2012

NEDA simulations

EGAN 2012 Workshop, Simulations Group Meeting, Orsay, France

G. Jaworski 17�18 August 2012

NEDA � the future European neutron detector array

Low Energy Community Meeting, Argonne, National Lab oratory, Argone, USA

A. Stolarz 19�24 August 2012

Targets for accelerator-based research � invited talk

INTDS Conference, Mainz, Germany

A. Stolarz 19�24 August 2012

Fine plastic foil as backing for sputtered nickel targets

INTDS Conference, Mainz, Germany

K. Hady«ska-Kl¦k 27 August � 2 Septemb er 2012

Study of the

42
Ca nuclear structure using AGATA and EAGLE spectrometers

Zakopane Conference on Nuclear Physics, Zakopane, Poland
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M. Palacz 27 August � 2 Septemb er 2012

Odd-parity excitations of the N=Z=50 core

Zakopane Conference on Nuclear Physics, Zakopane, Poland

L. Pró chniak 27 August � 2 Septemb er 2012

Superdeformed oblate superheavy nuclei within self-consistent approach

Zakopane Conference on Nuclear Physics, Zakopane, Poland

K. Rusek 27 August � 2 Septemb er 2012

Preliminary results of the scattering of

8
He with heavy targets

Zakopane Conference on Nuclear Physics, Zakopane, Poland

K. Hady«ska-Kl¦k 17�21 Septemb er 2012

Study of the

42
Ca nuclear structure using AGATA and EAGLE spectrometers

EuNPC 2012 - the Second Europ ean Nuclear Physics Conference, Bucharest, Romania

P.J. Napiorkowski 24 Septemb er 2012

‘LCJ UW d la HTPRL

HIL UW for HTPRL

HTRPL Consorcium meeting, AGH University of Science and Technology, Kraków, Poland

J. Mierzejewski 25�28 Septemb er 2012

Conference on nuclear science and its applications, Samarkanda, Uzbekistan

Mo deling incomplete fusion reactions

J. Mierzejewski 9�13 July 2012

Nuclear Structure and Dynamics, Opatija, Croatia

Mo deling incomplete fusion reactions

J. Kownacki 8�10 Novemb er 2012

Delayed neutrons investigation

PROMETEO Workshop on NEDA Detectors: Mechanical and Electronic Design,

Valencia, Spain

A. Trzci«ska 13 Novemb er 2012

Od czego zale»y rozkªad barier kulombowskich?

What does the Coulomb barrier distribution depends on?

The H. Niewo dnicza«ski Institute of Nuclear Physics PAN, Kraków, Poland

K. Hady«ska-Kl¦k 3�7 Decemb er 2012

Recent results from the

42
Ca COULEX@AGATA experiment

2nd EGAN Scho ol, GSI Darmstadt, Germany
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E.2.3 Poster presentations

A. Kordyasz 22�27 January 2012

Model of vacuum, dark matter and charge

Spiral2 Week, GANIL, Caen, France

A. Stolarz 26�29 August 2012

211
At production on the inner beam of the Warsaw Cyclotron

4th International Wprkshop on Targetry and Target Chemistry, Playa del Carmen, Mexico

A. P¦kal 26�29 April 2012

Radiopharmaceuticals Production and Research Centre in Warsaw

16th Eurp. Symp. on Radiopharmacy and Radiopharmaceuticals Nantes, France

A. P¦kal 12�13 May 2012

Wykorzystanie metody headspace GC do oznaczania pozostaªo±ci

rozpuszczalników organicznych w radiofarmaceutykach

Application of the headspace GC method for the determination of residual organic solvents

content in radiofarmaceuticals

Polish Radiofarmaceuticals Conference, Šó d¹, Poland

G. Jaworski 13�18 August 2012

Building the neutron multiplicity �lter NEDA

Nuclear Structure 2012 Conference, Argonne National Lab oratory, Argonne, USA

M. Šyczko, A. Bilewicz, J. Jastrz¦bski, J. Choi«ski, A. Stolarz, A. Trzci«ska,

D. Szczepaniak, B. W¡s, J. Chudyka, K. Tworek 19�22 Septemb er 2012

Otrzymywanie kompleksów rodu z bifunkcyjnym ligandem makrocyklicznym

jako linkerów do znakowania biomolekuª astatem-211

Preperation of rhodium complexes with bifunctional macrocycle ligand as linkers for la-

bel ling of biomolecules with astatine-211

XI I I Congress of the Polish So ciety of Nuclear Medicine, Kielce, Poland

S.Kra jewski, I.Cydzik, K.Abbas, A.Bulgheroni, F.Simonelli, U.Holzwarth,

A.Ma jkowska-Pilip, A.Bilewicz 27�31 Octob er 2012

Simple and fast procedure of label ling DOTATATE with

86
Y and

44
Sc

EANM 2012, Milan, Italy
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E.2.4 Lectures for students and student lab oratories

K. Kilian Winter semesters of academic years 2011/2012, 2012/2013, 30 hours each

Metody izotopowe i chemia farmaceutyków

Radiochemistry and radiopharmacy

Faculty of Physics, University of Warsaw, Warszawa, Poland

Z. Sze�i«ski Summer semester of academic year 2011/2012, 30 hours

Fizyka promieniowania jonizuj¡cego

Physics of the ionising radiation

Faculty of Physics, University of Warsaw, Warszawa, Poland

K. Kilian Summer semester of academic years 2011/2012, 2012/2013, 60 hours each

Pracownia radiofarmaceutyków

Laboratory of radiopharmaceuticals

Faculty of Physics, University of Warsaw, Warszawa, Poland

Z. Sze�i«ski Winter semester of academic year 2012/2013, 45 hours

Fizyka I � Mechanika

Physics I � Mechanics

Faculty of Physics, University of Warsaw, Warszawa, Poland

Z. Sze�i«ski January 2012, 4 hours

Fizyka J¡drowa w diagnostyce i terapii medycznej

Nuclear Physics in the medical diagnostics and therapy

Op en University, Warszawa, Poland

M. Palacz Winter semesters of academic years 2011/2012, 2012/2013, 30 hours each

Pracownia ochrony radiologicznej

Radioprotection Laboratory

Faculty of Physics, University of Warsaw, Warszawa, Poland

A. Trzci«ska Winter semesters of academic years 2011/2012, 2012/2013, 30 hours each

Pracownia ochrony radiologicznej

Radioprotection Laboratory

Faculty of Physics, University of Warsaw, Warszawa, Poland

E.2.5 Science p opularisation lectures

Z. Sze�i«ski 15 March 2012

Radon w naszym otoczeniu

Radon in our environment

Secondary Scho ol, Pruszków, Poland

Z. Sze�i«ski 2 April 2012

Radon w naszym otoczeniu

Radon in our environment

LXVI I High Scho ol, Warszawa, Poland
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Z. Sze�i«ski 15 March 2012

Tomogra�a Pozytonowa - narz¦dzie diagnostyki medycznej i bada« wysiªkowych

Positron Emission Tomography �-a tool for the medical diagnostics and exercise stress

tests

Carolina Medical Center, Warszawa, Poland

P.J. Napiorkowski 16 March 2012

Fizyka J¡drowa nie taka straszna

Nuclear Physics is not so scary

Day of science in the Middle Scho ol at Celestynów, Poland

K. Kilian 20�29 Septemb er 2012

Zastosowanie �zyki j¡drowej w diagnostyce medycznej

Applications of nuclear physics in medicine

XVI Festival of Science, Warszawa, Poland

K. Kilian 20�29 Septemb er 2012

Tomogra�a emisji pozytonu (PET). Nowe mo»liwo±ci d la nauki, ochrony

zdrowia i przemysªu

Positron emission tomography (PET). New opportunities for science, health care and in-

dustry

XVI Festival of Science, Warszawa, Poland

P.J. Napiorkowski 20�29 Septemb er 2012

Fizyka j¡drowa w walce z faªszerzami win

Nuclear physics against wine forgers

XVI Festival of Science, Warszawa, Poland

P.J. Napiorkowski 20�29 Septemb er 2012

Fizyka d la bramkarzy

Physics for goalkeepers

XV Festival of Science, Warszawa, Poland
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E.3 Publications

E.3.1 Publications in journals of the Journal Citation Rep orts (JCR) list

Publications resulting from work p erformed with HIL facilities

E. Piasecki , W. Czarnacki, N. Keeley, M. Kisieli«ski, S. Kliczewski, A. Kordyasz ,

M. Kowalczyk , S. Khlebnikov, E. Koshchiy, T. Krogulski, T. Loktev, M. Mutterer,

A. Piorkowska, K. Rusek, M. Sillanpaa, A. Staudt, I. Stro jek , S. Smirnov, W. H. Trzaska,

and A. Trzcinska .

Weak channels in backscattering of

20
Ne on

nat
Ni,

118
Sn, and

208
Pb .

Phys. Rev. C 85 (2012) 054604.

E. Piasecki , L. Swiderski, N. Keeley, M. Kisieli«ski, M. Kowalczyk , S. Khlebnikov,

T. Krogulski, K. Piasecki, G. Tiourin, M. Sillanpaa, W. H. Trzaska, and A. Trzcinska .

Smoothing of structure in the fusion and quasielastic barrier distributions for

the

20
Ne +

208
Pb system .

Phys. Rev. C 85 (2012) 054608.

I. Stro jek , W. Czarnacki, W. Gawlikowicz, N. Keeley, M. Kisieli«ski, S. Kliczewski,

A. Kor dyasz , E. Koshchiy, M. Kowalczyk , E. Piasecki , A. Piorkowska, K. Rusek ,

R. Siudak, A. Staudt, and A. Trzcinska .

Structure E�ects in

20
Ne +

208
Pb Quasi-elastic Scattering .

Acta Phys. Pol. B 43 (2012) 339.

J. Perkowski, J. Andrzejewski, T. Abraham, W. Czarnacki, C. Droste, E. Gro dner,

L. Janiak, M. Kisieli«ski, M. Kowalczyk , J. Kownacki , J. Mierzejewski , A. Korman,

J. Samora jczyk, J. Srebrny , A. Stolarz, and M. Zielinska.

Isomeric State 8

�
in

130
Ba Studied by Conversion-electron and Gamma-ray

Spectroscopy .

Acta Phys. Pol. B 43 (2012) 273.

J. Mierzejewski , A. A. Pasternak, J. Srebrny , and R. M. Lieder.

Modeling incomplete fusion reactions .

Physica Scripta T150 (2012) 014026.

K. Wrzosek-Lipska , L. Pro chniak, M. Zielinska, J. Srebrny , K. Hadynska-Klek , J. Iwanicki ,

M. Kisieli«ski, M. Kowalczyk , P. J. Napiorkowski , D. Pietak , and T. Czosnyka .

Electromagnetic properties of

100
Mo: Experimental results and theoretical

description of quadrupole degrees of freedom .

Phys. Rev. C 86 (2012) 064305.

J. Samora jczyk, J. Andrzejewski, L. Janiak, J. Perkowski, J. Skubalski, and A. Stolarz.

Preparation and Tests of the Target for Production of

134
Nd Nuclei .

Acta Phys. Pol. B 43 (2012) 325.

G. Jaworski , M. Palacz , J. Nyb erg, G. de Angelis, G. de France, A. D. Nitto, J. Egea,

M. Erduran, S. Ertürk, E. Farnea, A. Gadea, V. González, A. Gottardo, T. Hüyük,

J. Kownacki , A. Pipidis, B. Ro eder, P.-A. Sö derström, E. Sanchis, R. Tarnowski ,

A. Triossi, R. Wadsworth, and J. V. Dob on.
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Monte Carlo simulation of a single detector unit for the neutron detector

array NEDA .

Nucl. Inst. and Meth. A 673 (2012) 64 .

P. Delahaye, A. Galata, J. Angot, G. Ban, L. Celona, J. Choinski , P. Gma j,

A. Jakub owski , P. Jardin, T. Kalvas, H. Koivisto, V. Kolhinen, T. Lamy, D. Lunney,

L. Maunoury, A. M. Porcellato, G. F. Prete, O. Steckiewicz , P. Sortais, T. Thuillier,

O. Tarvainen, E. Traykov, F. Varenne, and F. Wenander.

Prospects for advanced electron cyclotron resonance and electron beam ion

source charge breeding methods for EURISOL .

Review of Scienti�c Instruments 83 (2012) 02A906.

Publications resulting from work p erformed with external facilities

M. Alb ers, N. Warr, K. Nomura, A. Blazhev, J. Jolie, D. Mucher, B. Bastin, C. Bauer,

C. Bernards, L. Bettermann, V. Bildstein, J. Butterworth, M. Capp ellazzo, J. Cederkall,

D. Cline, I. Darby, S. Das Gupta, J. M. Daugas, T. Davinson, H. De Witte, J. Diriken,

D. Filip escu, E. Fiori, C. Fransen, L. P. Ga�ney, G. Georgiev, R. Gernhauser,

M. Hackstein, S. Heinze, H. Hess, M. Huyse, D. Jenkins, J. Konki, M. Kowalczyk ,

T. Kroll, R. Krucken, J. Litzinger, R. Lutter, N. Marginean, C. Mihai, K. Moschner,

P. Napiorkowski , B. S. Nara Singh, K. Nowak, T. Otsuka, J. Pakarinen, M. Pfei�er,

D. Radeck, P. Reiter, S. Rigby, L. M. Robledo, R. Ro driguez-Guzman, M. Rudigier,

P. Sarriguren, M. Scheck, M. Seidlitz, B. Sieb eck, G. Simpson, P. Thole, T. Thomas,

J. Van de Walle, P. Van Dupp en, M. Vermeulen, D. Voulot, R. Wadsworth, F. Wenander,

K. Wimmer, K. O. Zell, and M. Zielinska.

Evidence for a Smooth Onset of Deformation in the Neutron-Rich Kr

Isotopes .

Phys. Rev. Lett 108 (2012) 062701.

D. D. DiJulio, J. Cederkall, C. Fahlander, A. Ekstrom, M. Hjorth-Jensen, M. Alb ers,

V. Bildstein, A. Blazhev, I. Darby, T. Davinson, H. De Witte, J. Diriken, C. Fransen,

K. Geib el, R. Gernhauser, A. Gorgen, H. Hess, J. Iwanicki , R. Lutter, P. Reiter, M. Scheck,

M. Seidlitz, S. Siem, J. Taprogge, G. M. Tveten, J. Van de Walle, D. Voulot, N. Warr,

F. Wenander, and K. Wimmer.

Coulomb excitation of

107
Sn .

Eur.Phys.J. A 48 (2012) 105.

D. D. DiJulio, J. Cederkall, C. Fahlander, A. Ekstrom, M. Hjorth-Jensen, M. Alb ers,

V. Bildstein, A. Blazhev, I. Darby, T. Davinson, H. De Witte, J. Diriken, C. Fransen,

K. Geib el, R. Gernhauser, A. Gorgen, H. Hess, J. Iwanicki , R. Lutter, P. Reiter, M. Scheck,

M. Seidlitz, S. Siem, J. Taprogge, G. M. Tveten, J. Van de Walle, D. Voulot, N. Warr,

F. Wenander, and K. Wimmer.

Excitation strengths in

109
Sn: Single-neutron and col lective excitations near

100
Sn .

Phys. Rev. C 86 (2012) 031302.

N. Patronis, A. Pakou, D. Pierroutsakou, A. M. Sanchez-Benitez, L. Acosta, N. Alamanos,

A. Boiano, G. Inglima, D. Filip escu, T. Glo dariu, A. Guglielmetti, M. La Commara,

G. Lalazissis, I. Martel, C. Mazzo cchi, M. Mazzo cco, P. Molini, C. Parascandolo,
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M. Sandoli, C. Signorini, R. Silvestri, F. Soramel, E. Stiliaris, M. Romoli, A. Trzcinska ,

K. Zerva, E. Vardaci, and A. Vitturi.

Probing the

17
F+p potential by elastic scattering at near-barrier energies .

Phys. Rev. C 85 (2012) 024609.

E. De Filipp o, A. Pagano, P. Russotto, F. Amorini, A. Anzalone, L. Auditore, V. Baran,

I. Berceanu, B. Borderie, R. Bougault, M. Bruno, T. Cap, G. Cardella, S. Cavallaro, M. B.

Chatterjee, A. Chbihi, M. Colonna, M. D'Agostino, R. Dayras, M. Di Toro, J. Frankland,

E. Galichet, W. Gawlikowicz, E. Geraci, A. Grzeszczuk, P. Guazzoni, S. Kowalski, E. La

Guidara, G. Lanzalone, G. Lanzano, N. Le Neindre, I. Lombardo, C. Maiolino, M. Papa,

E. Piasecki , S. Pirrone, R. Planeta, G. Politi, A. Pop, F. Porto, M. F. Rivet, F. Rizzo,

E. Rosato, K. Schmidt, K. Siwek-Wilczynska, I. Skwira-Chalot, A. Tri�ro, M. Trimarchi,

G. Verde, M. Vigilante, J. P. Wieleczko, J. Wilczynski, L. Zetta, and W. Zipp er.

Correlations between emission timescale of fragments and isospin dynamics

in

124
Sn+

64
Ni and

112
Sn+

58
Ni reactions at 35 A MeV .

Phys. Rev. C 86 (2012) 014610.

N. Keeley, K. W. Kemp er, and K. Rusek .

Bound state form factors from knockout in

10
Be(d, t) neutron pickup .

Phys. Rev. C 86 (2012) 014619.

G. Marquinez-Duran, A. M. Sanchez-Benitez, I. Martel, R. Berjillos, J. Duenas, V. V.

Parkar, L. Acosta, K. Rusek , M. A. G. Alvarez, J. Gomez-Camacho, M. J. G. Borge,

C. Cruz, M. Cub ero, V. Pesudo, O. Tengblad, A. Chbihi, J. P. Fernandez-Garcia,

B. Fernandez Martinez, J. A. Labrador, A. H. Ziad, J. L. Flores, N. Keeley, L. Standylo,

I. Stro jek, M. Marques, M. Mazzo cco, A. Pakou, N. Patronis, D. Pierroutsakou,

R. Silvestri, R. Raab e, N. Soic, and R. Wolski.

Scattering of

8
He on

208
Pb at Energies Around the Coulomb Barrier .

Acta Phys. Pol. B 43 (2012) 239.

X. Mougeot, V. Lap oux, W. Mittig, N. Alamanos, F. Auger, B. Avez, D. Beaumel,

Y. Blumenfeld, R. Dayras, A. Drouart, C. Force, L. Gaudefroy, A. Gillib ert, J. Guillot,

H. Iwasaki, T. Al Kalanee, N. Keeley, L. Nalpas, E. C. Pollacco, T. Roger,

P. Roussel-Chomaz, D. Suzuki, K. W. Kemp er, T. J. Mertzimekis, A. Pakou, K. Rusek ,

J. A. Scarpaci, C. Simenel, I. Stro jek , and R. Wolski.

New excited states in the halo nucleus

6
He .

Phys.Lett. B 718 (2012) 441.

K. Rusek, I. Martel, A. M. Sanchez-Benitez, and L. Acosta.

10
Be Yield from

11
Be +

120
Sn Interaction at the Coulomb Barrier .

Acta Phys. Pol. B 43 (2012) 233.

K. Zerva, A. Pakou, N. Patronis, P. Figuera, A. Musumarra, A. Di Pietro, M. Fisichella,

T. Glo dariu, M. La Commara, M. Lattuada, M. Mazzo cco, M. G. Pellegriti, D. Pierroutsakou,

A. M. Sanchez-Benitez, V. Scuderi, E. Strano, and K. Rusek .

Quasi-elastic backscattering of

6;7
Li on light, medium and heavy targets at

near- and sub-barrier energies .

Eur.Phys.J. A 48 (2012) 102.
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M. Palacz, J. Nyb erg, H. Grawe, K. Sieja, G. de Angelis, P. Bednarczyk, A. Blazhev,

D. Curien, Z. Dombradi, O. Dorvaux, J. Ekman, J. Galkowski , M. Gorska, J. Iwanicki ,

G. Jaworski , J. Kownacki , J. Ljungvall, M. Moszynski, F. Nowacki, D. Rudolph, D. Sohler,

D. Wolski, and M. Zieblinski.

N=50 core excited states studied in the

96
46 Pd 50 nucleus .

Phys. Rev. C 86 (2012) 014318.

M. Sugawara, T. Hayakawa, M. Oshima, Y. Toh, A. Osa, M. Matsuda, T. Shizuma,

Y. Hatsukawa, H. Kusakari, T. Morikawa, Z. G. Gan, and T. Czosnyka .

Possible antimagnetic rotational band and neutron alignment in

101
Pd .

Phys. Rev. C 86 (2012) 034326.

S. Akkoyun, A. Algora, B. Alikhani, F. Ameil, G. de Angelis, L. Arnold, A. Astier,

A. Ataç, Y. Aub ert, C. Aufranc, A. Austin, S. Aydin, F. Azaiez, S. Bado er, D. Balabanski,

D. Barrientos, G. Baulieu, R. Baumann, D. Bazzacco, F. Beck, T. Beck, P. Bednarczyk,

M. Bellato, M. Bentley, G. Benzoni, R. Berthier, L. Berti, R. Beunard, G. L. Bianco,

B. Birkenbach, P. Bizzeti, A. Bizzeti-Sona, F. L. Blanc, J. Blasco, N. Blasi, D. Blo or,

C. Boiano, M. Borsato, D. Bortolato, A. Boston, H. Boston, P. Bourgault, P. Boutachkov,

A. Bouty, A. Bracco, S. Brambilla, I. Brawn, A. Brondi, S. Broussard, B. Bruyneel,

D. Bucurescu, I. Burrows, A. Bürger, S. Cabaret, B. Cahan, E. Calore, F. Camera,

A. Capsoni, F. Carrió, G. Casati, M. Castoldi, B. Cederwall, J.-L. Cercus, V. Chamb ert,

M. E. Chambit, R. Chapman, L. Charles, J. Chavas, E. Clément, P. Co cconi, S. Co elli,

P. Coleman-Smith, A. Colomb o, S. Colosimo, C. Commeaux, D. Conventi, R. Co op er,

A. Corsi, A. Cortesi, L. Costa, F. Crespi, J. Cresswell, D. Cullen, D. Curien, A. Czermak,

D. Delb ourg, R. Depalo, T. Descomb es, P. Désesquelles, P. Detistov, C. Diarra,

F. Didierjean, M. Dimmo ck, Q. Doan, C. Domingo-Pardo, M. Doncel, F. Dorangeville,

N. Dosme, Y. Drouen, G. D. ne, B. Dulny, J. Eb erth, P. Edelbruck, J. Egea, T. Engert,

M. Erduran, S. Ertürk, C. Fanin, S. Fantinel, E. Farnea, T. Faul, M. Filliger, F. Filmer,

C. Finck, G. de France, A. Gadea, W. Gast, A. Geraci, J. Gerl, R. Gernhäuser,

A. Giannatiemp o, A. Giaz, L. Gib elin, A. Givechev, N. Go el, V. González, A. Gottardo,

X. Grave, J. Gre�b osz, R. Gri�ths, A. Grint, P. Gros, L. Guevara, M. Gulmini,

A. Görgen, H. Ha, T. Hab ermann, L. Harkness, H. Harro ch, K. Hauschild, C. He,

A. Hernández-Prieto, B. Hervieu, H. Hess, T. Hüyük, E. Ince, R. Iso crate, G. Jaworski ,

A. Johnson, J. Jolie, P. Jones, B. Jonson, P. Joshi, D. Judson, A. Jungclaus, M. Kaci,

N. Karkour, M. Karolak, A. Ka³ka³, M. Kebbiri, R. Kempley, A. Khaplanov, S. Klupp,

M. Kogimtzis, I. Ko jouharov, A. Korichi, W. Korten, T. Kröll, R. Krücken, N. Kurz,

B. Ky, M. Labiche, X. Lafay, L. Lavergne, I. Lazarus, S. Leb outelier, F. Lefebvre, E. Legay,

L. Legeard, F. Lelli, S. Lenzi, S. Leoni, A. Lermitage, D. Lersch, J. Leske, S. Letts,

S. Lhenoret, R. Lieder, D. Linget, J. Ljungvall, A. Lop ez-Martens, A. Loto dé, S. Lunardi,

A. Ma j, J. van der Marel, Y. Mariette, N. Marginean, R. Marginean, G. Maron, A. Mather,

W. Me�czy«ski, V. Mendéz, P. Medina, B. Melon, R. Menegazzo, D. Mengoni, E. Merchan,

L. Mihailescu, C. Michelagnoli, J. Mierzejewski , L. Milechina, B. Million, K. Mitev,

P. Molini, D. Montanari, S. Mo on, F. Morbiducci, R. Moro, P. Morrall, O. Möller,

A. Nannini, D. Nap oli, L. Nelson, M. Nesp olo, V. Ngo, M. Nicoletto, R. Nicolini,

Y. L. Noa, P. Nolan, M. Norman, J. Nyb erg, A. Ob ertelli, A. Olariu, R. Orlandi,

D. Oxley, C. Özb en, M. Ozille, C. Oziol, E. Pachoud, M. Palacz , J. Palin, J. Pancin,

C. Parisel, P. Pariset, G. Pascovici, R. Peghin, L. Pellegri, A. Perego, S. Perrier, M. Petcu,

P. Petkov, C. Petrache, E. Pierre, N. Pietralla, S. Pietri, M. Pignanelli, I. Piqueras,
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Z. Po dolyak, P. L. Pouhalec, J. Pouthas, D. Pugnére, V. Pucknell, A. Pullia, B. Quintana,

R. Raine, G. Rainovski, L. Ramina, G. Rampazzo, G. L. Rana, M. Reb eschini, F. Recchia,

N. Redon, M. Reese, P. Reiter, P. Regan, S. Rib oldi, M. Richer, M. Rigato, S. Rigby,

G. Ripamonti, A. Robinson, J. Robin, J. Ro ccaz, J.-A. Rop ert, B. Rossé, C. R. Alvarez,

D. Rosso, B. Rubio, D. Rudolph, F. Saillant, E. “ahin, F. Salomon, M.-D. Salsac, J. Salt,

G. Salvato, J. Sampson, E. Sanchis, C. Santos, H. Scha�ner, M. Schlarb, D. Scraggs,

D. Seddon, M. “enyi it, M.-H. Sigward, G. Simpson, J. Simpson, M. Slee, J. Smith,

P. Sona, B. Sowicki, P. Sp olaore, C. Stahl, T. Stanios, E. Stefanova, O. Stézowski,

J. Strachan, G. Suliman, P.-A. Sö derström, J. Tain, S. Tanguy, S. Tashenov, C. Theisen,

J. Thornhill, F. Tomasi, N. Toniolo, R. Touzery, B. Travers, A. Triossi, M. Trip on,

K. Tun-Lano ë, M. Turcato, C. Unsworth, C. Ur, J. Valiente-Dob on, V. Vandone,

E. Vardaci, R. Venturelli, F. Veronese, C. Veyssiere, E. Viscione, R. Wadsworth, P. Walker,

N. Warr, C. Web er, D. Weisshaar, D. Wells, O. Wieland, A. Wiens, G. Wittwer,

H. Wollersheim, F. Zo cca, N. Zam�r, M. Zi¦bli«ski, and A. Zucchiatti.

AGATA Advanced GAmma Tracking Array .

Nucl. Inst. and Meth. A 668 (2012) 26 .

J. Mierzejewski , A. Pasternak, J. Srebrny , and R. Lieder.

Model ling Incomplete Fusion Reactions .

Physica Scripta T150 (2012) 014026.

I. Cydzik , A. Bilewicz, K. Abbas, A. Bulgheroni, F. Simonelli, U. Holzwarth, and

N. Gibson.

A novel method for synthesis of

56
Co radiolabel led silica nanoparticles .

Journal of Nanoparticle Research 14 (2012) 10.

E.3.2 Other publications in journals and conference pro ceedings not included

in the JCR list

J. Choi«ski , J. Jastrz¦bski

The Opening Ceremony of the Radiopharmaceuticals Production and Research

Centre at the Heavy Ion Laboratory of the University of Warsaw, May 15,

2012, fol lowed by an International Conference PETRAD2012

Nuclear Medicine Review 15 (2012) 2:85-86

J. Choi«ski , J. Jastrz¦bski , K. Kilian, I. Mazur , P.J. Napiorkowski , A. P¦kal ,

D. Szczepaniak

The Radiopharmaceuticals Production and Research Centre at the Heavy Ion

Laboratory of the University of Warsaw

Nuclear Medicine Review 15 (2012), Suppl C: C5�C8
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A. Rudchik, K. Chercas, A. Rudchik, E. Koshchy, S. Kliczewski, K. Rusek , V. Plujko,

O. Ponkratenko, S. Mezhevych, V. Pirnak, R. Sudak, J. Choi«ski , B. Czech, and

A. Szczurek.

The

6
Li(

18
O,

17
O)

7
Li reaction mechanisms and

7
Li +

17
O potential .

Nuclear Physics and Atomic Energy � Jaderna Fizika ta Energetika 13 (2012) 371.

In Ukrainian.

A. Rudchik, R. Zelinskyi, A.A. Rudchik, V. Pirnak, S. Kliczewski, E. Koshchy, K. Rusek ,

V. Plujko, O. Ponkratenko, S. Mezhevych, A. Ilyin, V. Uleschenko, R. Siudak, J. Choi«ski ,

B. Czech, and A. Szczurek.

Elastic and inelastic scattering of

18
O ions by

6Li
a t 114 MeV and isotopic

di�erences of

6;7
Li +

18
O and

6
Li +

16;18
O nuclei interactions .

Nuclear Physics and Atomic Energy � Jaderna Fizika ta Energetika 13 (2012) 371.

In Ukrainian.

E. Gro dner, J. Srebrny , A. A. Pasternak, C. Droste, M. Kowalczyk , M. Kisieli«ski,

J. Mierzejewski , M. Golebiowski, T. Marchlewski , T. Kra jewski, D. Karpinski,

P. Olszewski, P. Jones, T. Abraham , J. Perkowski, L. Janiak, J. Samora jczyk,

J. Andrzejewski, J. Kownacki , K. Hadynska-Klek , P. Napiorkowski , M. Komorowska , and

S. F. Ozmen.

Spontaneous time-reversal symmetry breaking in

124
Cs .

AIP Conference Pro ceedings 1491 (2012) 140.

A. Kordyasz , M. Kowalczyk , M. Kisieli«ski, A. Bednarek, H. Hady«ska-Kl¦k , A. Wielo ch,

Z. Sosin, D. Atanasov, J. Sarnecki, A. Brzozowski, J. Jagielski, M. Teo dorczyk,

M. Ga jewski, A. Wi±niewska, K. Krzy»ak, G. Gawlik, and A. Zago jski.

Silicon vertex detector for superheavy elements identi�cation .

EPJ Web of Conferences 31 (2012) 00041.

E. Gro dner, A. Pasternak, J. Srebrny , M. Kowalczyk , M. Kisieli«ski, P. Decowski,

C. Droste, J. Perkowski, T. Abraham , J. Andrzejewski, K. Hady«ska-Kl¦k , Š. Janiak,

A. Kasparek, T. Marchlewski , P. Napiorkowski , and J. Samora jczyk".

DSA lifetime measurements of

124
Cs and the time-reversal symmetry .

Journal of Physics: Conference Series 381 (2012) 012067.

S. Hamada, N. Burtebayev, N. Amangeldi, K. A. Gridnev, K. Rusek , Z. Kerimkulov, and

N. Maltsev.

Phenomenological and semi-microscopic analysis for

16
O and

12
C elastical ly

scatering on the nucleus of

16
O and

12
C at Energies near the Coulomb barrier .

Journal of Physics: Conference Series 381 (2012) 012130.

R. Na jman, R. Pªaneta, A. So cho cka, F. Amorini, L. Auditore, A. Bubak, T. Cap,

G. Cardella, E. D. Filipp o, E. Geraci, L. Grassi, A. Grzeszczuk, E. L. Guidara, J. Han,

D. Loria, S. Kowalski, T. Kozik, G. Lanzalone, I. Lombardo, Z. Ma jka, N. G. Nicolis,

A. Pagano, E. Piasecki , S. Pirrone, G. Politi, F. Rizzo, P. Russotto, K. Siwek-Wilczyéska,

I. Skwira-Chalot, A. Tri�ró, M. Trimarchi, J. Wilczy«ski, G. Verde, and W. Zipp er.

Global characteristics of

197
Au +

197
Au col lisions at 23 AMeV .

EPJ Web of Conferences 31 (2012) 00026.
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G. Politi, S. Pirrone, M. La Commara, J. P. Wieleczko, G. Ademard, E. De Filipp o,

M. Vigilante, F. Amorini, L. Auditore, C. Beck, I. Berceanu, E. Bonnet, B. Borderie,

G. Cardella, A. Chbihi, M. Colonna, A. D'Onofrio, J. D. Frankland, E. Geraci, E. Henry,

E. LaGuidara, G. Lanzalone, P. Lautesse, D. Lebhertz, N. LeNeindre, I. Lombardo,

D. Loria, K. Mazurek, A. Pagano, M. Papa, E. Piasecki , F. Porto, M. Quinlann, F. Rizzo,

E. Rosato, P. Russotto, W. U. Schro eder, G. Spadaccini, A. Tri�ro, J. Toke, M. Trimarchi,

and G. Verde.

Study and comparison of the decay modes of the systems formed in the

reactions

78
Kr+

40
Ca and

86
Kr+

48
Ca at 10 AMeV .

Pro c.3rd International Workshop on Comp ound-Nuclear Reactions and Related Topics

(2012), p. 02003.

E.3.3 Internal rep orts

R. Ta«czyk , M. Kopka , I. Skrzeczanowska

Projekt techniczno-technologiczny w zakresie ochrony radiologicznej pracowni

izotopowej klasy III przeznaczonej do zaj¦¢ dydaktycznych i bada« naukowych

z wykorzystaniem Gamma Kamery

Technical and technological design of the radio-protection of a class III isotop laboratory

for teaching and research with the Gamma Camera



102 HIL Annual Rep ort 2012

E.4 Awards

Heavy Ion Lab oratory Prize founded by Prof. T. Inamura

The prize was established by Professor Takashi Tom Inamura who worked in the Heavy

Ion Lab oratory in the years 1998�2002 and made a great contribution to its development.

An award in the amount of 5.000 USD is granted every second year to recognise and

supp ort young researchers with outstanding exp erimental or technical achievements in the

�eld of nuclear and atomic physics or related sub jects. The results should b e obtained

using the Warsaw Cyclotron or other HIL apparatus. Candidates must b e scientists

or PhD students b elow the age of 36 on the day of application. The most imp ortant

selection criterion is the candidate's academic achievement demonstrated by publications

in international journals and presentations at international conferences. Achievements in

the �eld of interdisciplinary applications of the HIL cyclotron are highly valued.

In the �fth edition, in 2012, the Heavy Ion Lab oratory Prize was awarded to

Dr Joanna Czub from the Jan Ko chanowski University in Kielce, for her contribution

to radiobiological studies pursued in-b eam at the Warsaw Cyclotron.

The Rector of the University of Warsaw awards

E. Piasecki, A. Trzci«ska

For a series of publications on fusion barrier height distributions

I. Mazur

For work on the PET pro ject

Other awards granted to HIL sta� and PhD students

Katarzyna Hady«ska-Kl¦k

Polish Ministry of Science and Higher Education scholarship for the b est do ctoral students

for the academic year 2012/2013

Katarzyna Hady«ska-Kl¦k

�The Mo dern University� Scholarship for the b est do ctoral students, granted for the

academic year 2011/2012 � a comprehensive supp ort program for do ctoral students and

teaching sta� of the University of Warsaw, Poland

Grzegorz Jaworski

Research and development scholarship for b est PhD students, granted for the academic

year 2012/2013 by the Faculty of Physics, Warsaw University of Technology

Grzegorz Jaworski

Scholarship for the academic year 2012/2013 within the pro ject �Scienti�c p otential as

a supp ort for the Mazovian economy� granted by the Marshal's O�ce of the Mazovian

Voivo deship
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E.5 Lab oratory sta�

Director: Krzysztof Rusek

Deputy director: Jarosªaw Choi«ski

Financial executive: Paweª Napiorkowski

Senior scientists:

Jerzy Jastrz¦bski

a

, Jan Kownacki

a

, Andrzej Kordyasz

a

, Ernest Piasecki

a

,

Ludwik Pie«kowski

b

, Krzysztof Rusek, Józef Sura, Zygmunt Sze�i«ski

a c

Scienti�c sta� and engineers:

Tomasz Abraham, Andrzej Bednarek, Izab ela Cydzik

d

, Jarosªaw Choi«ski,

Bohdan Filipiak

a

, Przemysªaw Gma j, J¦drzej Iwanicki

e

, Andrzej Jakub owski,

Krzysztof Kilian, Maciej Kisieli«ski

a

, Marian Kopka, Michaª Kowalczyk

a

,

Ireneusz Mazur, Jan Miszczak, Paweª Napiorkowski, Marcin Palacz, Daniel Pi¦tak

f

,

Leszek Pró chniak

g

, Mateusz Sob olewski, Olga Steczkiewicz, Anna Stolarz,

Julian Srebrny

a

, Dorota Szczepaniak, Roman Ta«czyk, Radosªaw Tarnowski,

Agnieszka Trzci«ska, Marzena Woli«ska-Cicho cka

e

, Katarzyna Wrzosek-Lipska

e

Do ctoral candidates:

Katarzyna Hady«ska-Kl¦k

h

, Grzegorz Jaworski

i

, Tomasz Marchlewski

h

,

Jan Mierzejewski

h

, Anna P¦kal

j

Technicians:

Mariusz Antczak, Tomasz Bracha, Marek Figat, Andrzej Górecki, Piotr Jasi«ski,

Wiesªaw Kalisiewicz, Wo jciech Kozaczka, Zbigniew Kruszy«ski, Piotr Krysiak,

Krzysztof Šab ¦da, Zygmunt Morozowicz, Bogusªaw Paprzycki, Wiesªaw Perkowski

a

,

Andrzej Pietrzak, Krzysztof Pietrzak, Irena Skrzeczanowska

a

, Krzysztof Sosnowski

Administration and supp ort:

Anna Bªaszczyk-Duda, Marek Budziszewski, Przemysªaw Czwarnok

k

, Rafaª Kl¦k,

Barbara Kowalska, Agnieszka Maciejewska, Ewa Soba«ska, Lidia Strzelczyk,

Krystyna Szczepaniak, Sylwester ‘wiecicki, Iwona Tomaszewska

l

, Joanna Wasilewska,

Wanda Wesoªy, Andrzej Wiechowski, Katarzyna Wªo darczyk

a

a

part time

b

until 31 March 2012

c

since 1 April 2012

d

on long term leave until 15 Decemb er 2012

e

on long term leave

f

until 31 July 2012

g

since 1 Octob er 2012

h

PhD student at the Institute of Exp erimental Physics, University of Warsaw

i

PhD student at the Faculty of Physics, Warsaw University of Technology

j

PhD student at the Faculty of Chemistry, University of Warsaw

k

since 1 Octob er 2012

l

until 30 Septemb er 2012
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E.6 Lab oratory Council

1. Prof. dr hab. Józef Andrzejewski

Nuclear Physics Division,

University of Šó d¹

90-236 Šó d¹, ul. Pomorska 149/153

2. Prof. dr hab. Janusz Braziewicz

Institute of Physics,

Jan Ko chanowski University

25-406 Kielce, ul. ‘wi¦tokrzyska 15

3. Prof. dr hab. in». Andrzej Chmielewski

Institute of Nuclear Chemistry

and Technology

03-195 Warszawa, ul. Doro dna 16

4. Prof. dr hab. in». Jacek Jagielski

Institute of Electronic Materials

and Technology

01-919 Warszawa, ul. Wólczy«ska 133

5. Prof. dr hab. Jerzy Jastrz¦bski

Heavy Ion Lab oratory,

University of Warsaw

02-093 Warszawa, ul. Pasteura 5A

6. Prof. dr hab. Marta Kici«ska-Habior

University of Warsaw

00-681 Warszawa, ul. Ho»a 69

7. in». Marian Kopka

(representative of the HIL sta� )

Heavy Ion Lab oratory,

University of Warsaw

02-093 Warszawa, ul. Pasteura 5A

8. Prof. dr hab. Paweª Kulesza

Faculty of Chemistry,

University of Warsaw

02-093 Warszawa, ul. Pasteura 1

9. Prof. dr hab. in». Tadeusz Kulik

Warsaw University of Technology

00-661 Warszawa, pl. Politechniki 1

10. Prof. dr hab. Adam Ma j

The Henryk Niewo dnicza«ski

Institute of Nuclear Physics,

Polish Academy of Sciences

31-342 Kraków, ul. Radzikowskiego 152

11. Dr hab. Sªawomir Nazarewski

Medical University of Warsaw

02-091 Warszawa, ul. ›wirki i Wigury 61

12. Prof. dr hab. Paweª Olko

The Henryk Niewo dnicza«ski

Institute of Nuclear Physics,

Polish Academy of Sciences

31-342 Kraków, ul. Radzikowskiego 152

13. Prof. dr hab. Marek Pfutzner

Faculty of Physics, University of Warsaw

00-681 Warszawa, ul. Ho»a 69

14. Prof. dr hab. Ernest Piasecki

(Chairman of the Council)

Heavy Ion Lab oratory,

University of Warsaw

02-093 Warszawa, ul. Pasteura 5A

15. Dr hab. Ludwik Pie«kowski

Heavy Ion Lab oratory,

University of Warsaw

02-093 Warszawa, ul. Pasteura 5A

16. Prof. dr hab. Krzysztof Pomorski

Maria Curie-Skªo dowska University

20-031 Lublin, ul. Radziszewskiego 10

17. Prof. dr hab. Krzysztof Rusek

(Director of HIL)

Heavy Ion Lab oratory,

University of Warsaw

02-093 Warszawa, ul. Pasteura 5A

18. Prof. dr hab. Teresa Rz¡ca-Urban

Faculty of Physics, University of Warsaw

00-681 Warszawa, ul. Ho»a 69

19. Prof. dr hab. Adam Sobiczewski

The National Centre for Nuclear Research

00-681 Warszawa, ul. Ho»a 69

20. Prof. dr hab. Henryk Szymczak

Institute of Physics,

Polish Academy of Sciences

02-668 Warszawa, Al. Lotników 32/46

21. Prof. dr hab. Grzegorz Wro chna

The Andrzej Soªtan Institute

for Nuclear Studies

05-400 ‘wierk k/Warszawy

22. Prof. dr hab. Wiktor Zipp er

A. Cheªkowski Institute of Physics

University of Silesia

40-007 Katowice, ul. Uniwersytecka 4
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E.7 Programme Advisory Committee

PAC memb ers

� Dimiter Balabanski (University of So�a, Bulgaria)

� Konrad Czerski (Institute of Physics, University of Szczecin; Physics Department,

Technical University of Berlin, Germany)

� Bogdan Fornal (Henryk Niewo dnicza«ski Institute of Nuclear Physics, Polish

Academy of Sciences, Kraków)

� Gilles de France (GANIL, Caen, France)

� Andres Gadea (University of Valenzia, Spain)

� Zenon Janas (Faculty of Physics, University of Warsaw)

� Nicholas Keeley (National Centre for Nuclear Studies, Warszawa)

� Rainer Lieder (University of Bonn, Germany)

� Piotr Magierski (Faculty of Physics, Warsaw University of Technology)

� Leszek Pró chniak (Maria Curie-Skªo dowska University, Lublin)

� Brunon Sikora (Faculty of Physics, University of Warsaw)

� Wªadysªaw Trzaska (University of Jyväskylä, Finland)

The international Programme Advisory Committee of the Heavy Ion Lab oratory meets

usually twice a year, in spring and in autumn. The deadline for submitting prop osals

is three weeks b efore a PAC meeting. PAC approved exp eriments are scheduled at the

meetings of the Users' Committee, which also serves as a link b etween cyclotron users

and the Lab oratory. The Users' Committee is chaired by Julian Srebrny (HIL UW).



106 HIL Annual Rep ort 2012

E.8 External participants in HIL exp eriments and HIL guests

A.A. Amar Kazakh National University, Almaty, Kazakhstan

J. Andrzejewski University of Šó d¹, Poland

D. Aygon Akdeniz University, Antalya, Turkey

M. Baktybayev Inst. of Nucl. Phys. of National Nuclear Center, Almaty, Kazakhstan

D.Balabanski So�a University �St. Kliment Ohridski�, So�a, Bulgaria

D. Bana± Holycross Cancer Center, Kielce, Poland

V. Bekhterev Joint Institute for Nuclear Research, Dubna, Russia

S. Bogomolov Joint Institute for Nuclear Research, Dubna, Russia

S. Borisovich National Research Center �Kurchatov Institute�, Moscow, Russia

J. Braziewicz Institute of Physics, Jan Ko chanowski University, Kielce, Poland

M. Burtebayev Inst. of Nucl. Phys. of National Nuclear Center, Almaty, Kazakhstan

N. Burtebayev Inst. of Nucl. Phys. of National Nuclear Center, Almaty, Kazakhstan

J. Chudyka Institute of Physics, University of Silesia, Katowice, Poland

J. Ciesielczuk Institute of Physics, University of Silesia, Katowice, Poland

E. Clement GANIL, Caen, France

M. Czerwi«ski Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

J. Czub Institute of Physics, Jan Ko chanowski University, Kielce, Poland

A. Drouart IRFU/SPhN, CEA Saclay, Gif-sur-Yvette, France

C. Droste Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

D. Filip escu H. Hulub ei Nat. Inst. of Phys. and Nucl. Eng., Bucurest, Romania

A. Gadea Instituto de Física Corpuscular, Valencia, Spain

G. de France GANIL, Caen, France

A. Go ergen Department of Physics, University of Oslo, Oslo, Norway

A.I. Gheorge H. Hulub ei Nat. Inst. of Phys. and Nucl. Eng., Bucurest, Romania

M. Garnczarek Institute of Physics, University of Silesia, Katowice, Poland

E. Gro dner Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

Sh. Hamada Faculty of Science, Tanta University, Tanta, Egypt

I. Ivanenko Joint Institute for Nuclear Research, Dubna, Russia

Z. Janas Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

Š. Janiak Fac. of Physics and Applied Computer Sci., U. of Lo dz, Šó d¹, Poland

M. Jaskóªa The National Centre for Nuclear Research, Otwo ck, ‘wierk, Poland

M. Jastrz¡b The H. Niewo dnicza«ski Inst. of Nucl. Physics PAN, Kraków, Poland

D. Karpi«ski Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

N. Kestelo ot Instituut vo or Kern- en Stralingfysica, K.U. Leuven, Leuven, Belgium

U. Ka¹mierczak Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

K. Kemp er Physics Department, Florida State University, Tallahassee, USA

N.Y. Kheswa iThemba Lab. for Accelerator Based Sciences, Faure, South Africa

S. Kliczewski The H. Niewo dnicza«ski Inst. of Nucl. Physics PAN, Kraków, Poland

P. Ko czo« Gesellschaft für Schwerionenforschung, Darmstadt, Germany

A. Konefaª Institute of Physics, University of Silesia, Katowice, Poland

A. Korman The National Centre for Nuclear Research, Otwo ck, ‘wierk, Poland

A. Korgul Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

A. Kuc Institute of Physics, University of Silesia, Katowice, Poland

R. Kumar Nucl. Phys. Group, Inter Univ. Acc. Centre, New Delhi, India
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W. Kurcewicz Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

A. Ku¹niak Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

A. Lanko� Institute of Nuclear Chemistry and Technology, Warszawa, Poland

S. Lewandowski Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

R. Lieder HISKP, University of Bonn, Bonn, Germany

A. Ma j The H. Niewo dnicza«ski Inst. of Nucl. Physics PAN, Kraków, Poland

N. Maulen Kazakh National University, Almaty, Kazakhstan

I. Martel Bravo University of Huelva, Huelva, Spain

Ch. Mazzo cchi Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

C. Mihai H. Hulub ei Nat. Inst. of Phys. and Nucl. Eng., Bucurest, Romania

A. Molenda Fac. of Physics and Applied Computer Sci., U. of Lo dz, Šó d¹, Poland

W. Nawro cik Adam Mickiewicz University, Pozna«, Poland

F. Nemulo di iThemba Lab. for Accelerator Based Sciences, Faure, South Africa

S.F. Özmen Akdeniz University, Antalya, Turkey

A. Pasternak A.F. Io�e Physical Technical Institute, St. Petersburg, Russia

N. Patronis University of Ioannina, Ioannina, Greece

J. Perkowski Fac. of Physics and Applied Computer Sci., U. of Lo dz, Šó d¹, Poland

P.G. Quentin CENBG, Bordeaux-Gradignan, France

S. Sayab eki Eurasia National University, Astana, Kazakhstan

S. Sakuta National Research Center �Kurchatov Institute�, Moscow, Russia

S. Sakhiev Eurasia National University, Astana, Kazakhstan

J. Samora jczyk Fac. of Physics and Applied Computer Sci., U. of Lo dz, Šó d¹, Poland

J. Skubalski Fac. of Physics and Applied Computer Sci., U. of Lo dz, Šó d¹, Poland

K. Szkliniarz Institute of Physics, University of Silesia, Katowice, Poland

A. ‘migielska Institute of Physics, University of Silesia, Katowice, Poland

S.Y. Torilov Inst. of Phys., St. Petersburg State Univ., St. Petersburg, Russia

G. Tiourin Department of Physics, University of Jyväskylä, Finland

K. Tworek Institute of Physics, University of Silesia, Katowice, Poland

W. Trzaska Department of Physics, University of Jyväskylä, Finland

A. Wo jtasiewicz Inst. of Exp. Physics, University of Warsaw, Warszawa, Poland

K. Wrzosek-Lipska Instituut vo or Kern- en Stralingfysica, K.U. Leuven, Leuven, Belgium

M. Zieli«ska IRFU/SPhN, CEA Saclay, Gif-sur-Yvette, France

W. Zipp er Institute of Physics, University of Silesia, Katowice, Poland


