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tionIn 2011 
onstru
tion work on new buildings for the Fa
ulties of Physi
s, Biology andChemistry in the immediate neighbourhood of our laboratory entered into su
h a phasethat the unexpe
ted 
uts in the power and water supplies were mu
h less 
riti
al for usthan in a previous. Thus, for the �rst time sin
e 2005, the number of beam time hoursdevoted to experiments raised above 2500 hours/year. This is a very good sign for thefuture.The EAGLE gamma array was equipped with the twenty high purity Compton sup-pressed germanium dete
tors, owned by the European GAMMAPOOL. The array will beintensively used in the 2012 experimental 
ampaign.For the �rst time in our laboratory a beam of 15N was a

elerated and used in a nu
learphysi
s experiment. The 15N isotope in a gaseous form was obtained from ammoniumnitrate supplied by our Ukrainian 
ollaborators from the Institute of Nu
lear Physi
s inKiev.Among the s
ienti�
 highlights it is worth mentioning the result obtained in a wideinternational 
ollaboration, with 
ontributions from our 
olleagues led by dr. M. Pala
z,and published in Nature. This happened for the �rst time in the history of our laboratory.Every publi
ation in this very prestigious journal is a great a
hievement and gives a highrank to our s
ienti�
 sta�.Medi
al appli
ations were an important part of our a
tivity. The 
onstru
tion of theRadiopharma
euthi
als Produ
tion and Resear
h Centre a

elerated signi�
antly and inJuly the PETtra
e GE proton/deuteron 
y
lotron was installed. The 
entre will produ
eradiopharma
euti
als for Positron Emission Tomography (PET). Produ
tion of long-livedradiopharma
euti
als for other medi
al and life-s
ien
es appli
ations is also foreseen. Fur-thermore, due to the initiative of prof. J. Jastrz�bski, some e�orts were undertaken inorder to produ
e 211At, an isotope that 
ould be used in 
an
er therapy. The �rst testirradiations of a bismuth target with the alpha internal beam from the U-200 
y
lotronwere performed.Following the su

ess of the Polish Workshop on the A

eleration and Appli
ationsof Heavy Ions, a one week event for undergraduate students from Polish universitiesorganised for a few years, a two-week workshop for students from abroad was organisedfor the �rst time in February/Mar
h. This initiative has re
eived the ne
essary fundingfrom the Polish National Agen
y for LLP Erasmus - the Foundation for the Developmentof the Edu
ational System. The workshop was organised jointly with the University ofSo�a, Bulgaria, and the University of Huelva, Spain and gathered 19 students from thoseuniversities and a few Polish institutions. Next year we plan to repeat it, adding theAkdeniz University of Antalya, Turkey, to the list of partner institutions.Summarising, it was a very busy and produ
tive year . I would like to thank all thes
ienti�
 and engineering sta� of our laboratory for their very hard work and wish thattheir e�orts will be re
ognised by the authorities responsible for the �nan
ing of s
ien
ein Poland. Prof. Krzysztof Rusek, Dire
tor of HIL
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HIL Annual Report 2011 9A.1 General informationK. Rusek, J. Choi«ski, M. Zieli«skaHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe Heavy Ion Laboratory (HIL) is part of the University of Warsaw, the largestuniversity in Poland. HIL was founded jointly by the Ministry of Edu
ation, the PolishA
ademy of S
ien
es and the Polish Atomi
 Energy Agen
y. It is the largest experimentalnu
lear physi
s laboratory in the 
ountry, equipped with a K=160 heavy-ion 
y
lotron,unique not only in Poland, but also in Central Europe.The �rst beam was extra
ted in 1993 and sin
e that time HIL has been an e�e
-tive �user fa
ility�, serving up to the present time over 350 s
ientists from Poland andabroad and be
oming a re
ognised element of the European Resear
h Area. Beam time isallo
ated by the Dire
tor based on the re
ommendation of the international ProgrammeAdvisory Committee (see Se
. D.7). The only 
riteria are the s
ienti�
 merit of the proje
tand its te
hni
al feasibility. The resear
h programme (see Part B) is mostly fo
used onnu
lear and atomi
 physi
s, but materials s
ien
e, biologi
al and appli
ations studies alsoplay an important role and a signi�
ant amount of the beam time is allo
ated for thesepurposes.Experimental teams may take advantage of permanent set-ups installed on the beamlines or use their own dedi
ated equipment. Available apparatus in
ludes IGISOL � aS
andinavian type on-line separator, CUDAC � a PIN-diode array parti
le dete
tionsystem, JANOSIK � a multi-dete
tor system 
onsisting of a large NaI(Tl) 
rystal withpassive and a
tive shields and 32-element multipli
ity �lter and ICARE, a 
harged parti
ledete
tor system used for parti
le identi�
ation and energy measurements, moved to HILfrom IReS Strasbourg. The most re
ent experimental tool, still being developed andimproved, is the EAGLE array (Se
. A.7) � a multi-dete
tor γ-ray spe
trometer, whi
h 
anbe easily 
oupled to an
illary dete
tors like an internal 
onversion ele
tron spe
trometer,a 
harged parti
le 4 π multipli
ity �lter (Si-ball), a s
attering 
hamber equipped with 100PIN-diode dete
tors, a 60-element BaF2 gamma-ray multipli
ity �lter, a se
tored HPGepolarimeter and a plunger.HIL is 
urrently in a transition period and will shortly be
ome an a

elerator 
en-tre, operating two 
y
lotrons (Se
. A.3). Installation of a 
ommer
ial proton-deuteron
y
lotron (Ep = 16.5 MeV) is under way in the HIL building. This a

elerator will beused for the produ
tion of and resear
h with radiopharma
euti
als for Positron EmissionTomography (PET). Produ
tion of long-lived radiopharma
euti
als for other medi
al andlife-s
ien
e appli
ations is also foreseen.
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arried out in 2011 in order to improve the 
y
lotroninfrastru
ture and e�
ien
yJ. Choi«ski, A. Bednarek, P. Gmaj, W. Kalisiewi
z, M. Kopka, B. Paprzy
ki,O. Ste
zkiewi
z, J. SuraHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2011, 2656 hours of beam were su

essfully delivered by the HIL 
y
lotron fordi�erent experiments. The total amount of time of beam on target in
reased 
omparedto previous years. This was possible be
ause several important problems, a�e
ting thework of the 
y
lotron, were solved. Nevertheless, the most important issue � the veryold va
uum equipment � still remains to be solved. Figure 1 shows the total number ofbeam hours delivered over the last eleven years.

Figure 1: Total 
y
lotron beam time in the years 2001�2011The �rst order amelioration of the inner part of the 
entral region was made at thebeginning of 2011 and �live� tests of this solution were 
arried out over the summer. Thisallowed the beam to be brought from the new ECR ion sour
e to the median plane of the
y
lotron and also to extra
t it. However, the intensity of the beam was mu
h lower thanthe 
orresponding intensity from the old ECR and was not satisfa
tory. Thus, furtherwork on the re
onstru
tion of the 
entral region was needed. This required measurementsof the magneti
 �eld in the inje
tion 
hannel and in the median plane of the 
y
lotron.The equipment for the verti
al measurements was 
onstru
ted and programmed afterthe summer holiday break, and the measurements were performed in De
ember. Themeasurements will be the basis for the design of a spiral in�e
tor whi
h will be developedin 
ollaboration with JINR, Dubna in 2012.The equipment ne
essary for the measurements in the median plane has also beendesigned. The assembly of the measurement system is planned for the �rst half of 2012.In the mean time, 
ontrol software for the system will be developed.



HIL Annual Report 2011 11An additional quadruplet of ele
trostati
 quadrupoles for the axial beam line was builtat the end of 2011 and the �rst trial of this fo
using system was 
arried out in De
ember.The �rst results of these trials, although promising, were not 
on
lusive regarding theirimpa
t on a

elerated beam 
urrent. Further work on this system is planned for 2012.In autumn 2011, after several high frequen
y ampli�er breakdowns, a system to prote
tagainst the ingress of water into the ampli�er 
ompartment was developed and built. Atender for the new RF ampli�ers was also lun
hed, but unfortunately no o�ers weresubmitted.The monthly distribution of beam time in 2011 is presented in Fig. 2 and the diversityof the experiments performed during 2011 is illustrated in Fig. 3. Lower experimentala
tivity during July, August and September is 
orrelated with the traditional summerva
ation. Main topi
s of the experiments are related to nu
lear physi
s resear
h, biologi
alresear
h, ma
hine development and beam tests. Beam time was also allo
ated to nationaland international student workshops, as in the last few years. This was the �rst yearwhen we began the produ
tion of Astatine 211 in 
lose 
ollaboration with the Institute ofNu
lear Chemistry and Te
hnology and the Henryk Niewodni
za«ski Institute of Nu
learPhysi
s of the Polish A
ademy of S
ien
es. In all the experiments, the involvement ofyoung resear
hers, graduate and undergraduate students is traditionally large, whi
h isillustrated in Fig. 4. Detailed des
riptions of the experimental set-ups available at HIL
an be found on the laboratory web page: www.sl
j.uw.edu.pl.

Figure 2: Beam time distribution (hours) in 2011 per monthA list of the experiments performed in 2011 is presented in Tables 1 and 2. Thefollowing a
ronyms are used in the table:
• AMU Pozna« �- Adam Mi
kiewi
z University, Pozna«
• IB JKU Kiel
e � Institute of Biology, Jan Ko
hanowski University, Kiel
e
• HCC, Kiel
e � Holy
ross Can
er Centre, Kiel
e
• IEP UW � Institute of Experimental Physi
s, University of Warsaw, Warsaw
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Figure 3: Distribution of beam-time (in hours) among di�erent experiments

Figure 4: Number of users of Warsaw 
y
lotron beams in 2011
• INP Kraków � The Henryk Niewodni
za«ski Institute of Nu
lear Physi
s, PolishA
ademy of S
ien
es, Kraków
• IPN Orsay � Institut de Physique Nu
léaire, Orsay, Fran
e
• NCNR �wierk � The National Centre for Nu
lear Resear
h, �wierk
• NCNR �ód¹ � The National Centre for Nu
lear Resear
h, �ód¹
• U� � Fa
ulty of Physi
s and Applied Computer S
ien
e, University of Lodz, �ód¹
• MCSU Lublin � Maria Curie-Skªodowska University, Lublin
• NU Kharkiv � National University, Kharkiv, Ukraine
• NCU Toru« � Ni
olaus Coperni
us University, Toru«
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• UI Ioannina � University of Ioannina, Gree
e
• UL Liverpool � University of Liverpool, Liverpool, UK
• US Katowi
e � University of Silesia, Katowi
eTable 1: Experiments performed in 2011 � part 1Dates IonEnergy[MeV℄ Experiment Leadinginstitution Collaborating institutions04.01�15.01 20Ne+3 Test of newion sour
eand inje
tionline HIL17.01�23.01 20Ne+344, 54, 57 CUDAC HIL NCNR �wierk, NU Kharkiv, USKatowi
e, INP Kraków14.02�16.02 12C+250 Biology IEP UW,IB JKUKiel
e HIL, HCCC Kiel
e, NCNR�wierk, NCU Toru«17.02�21.02 20Ne+347, 53, 56 CUDAC HIL NCNR �wierk, NU Kharkiv, USKatowi
e, INP Kraków23.02�24.02 4He+1125 AstatineProdu
tion HIL HIL, US Katowi
e01.03�04.03 20Ne+354 Studentworkshop HIL09.03�18.03 14N+3

10B+272, 53 EAGLE IEP UW HIL, NCNR �wierk21.03�25.03 18O+4102 IGISOL IEP UW HIL, NCNR �wierk, NCNR �ód¹,US Katowi
e, IPN Orsay28.03�01.04 32S+6140 EAGLE HIL IEP UW, NCNR �wierk, U�04.04�15.04 20Ne+350, 54 ICARE HIL NCNR �wierk, NU Kharkiv, USKatowi
e, INP Kraków09.05�20.05 12C+3

16O+469, 86 EAGLE U� HIL, NCNR �wierk, IEP UW30.05�31.05 40Ar+6 Test of newion sour
eand inje
tionline HIL06.06�10.06 4He+1125 AstatineProdu
tion HIL US Katowi
e
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Table 2: Experiments performed in 2011 � part 2Dates IonEnergy[MeV℄ Experiment Leadinginstitution Collaborating institutions01.07�29.07 20Ne+3

20Ne+4

20Ne+5

40Ar+6

Test of newion sour
eand inje
tionline HIL
02.08�16.08 4He+1

40Ar+6

40Ar+8

Test of newion sour
eand inje
tionline HIL22.09�23.09 32S+575 Test of the 
y-
lotron HIL27.09 40Ar+6 Test of newion sour
eand inje
tionline HIL03.10�04.10 4He+1 Test of newion sour
eand inje
tionline HIL10.10�14.10 32S+5 75 EAGLE HIL IEP UW, NCNR �wierk, U�17.10�24.10 20Ne+3

20Ne+450, 73 ICARE UI HIL, IEP UW, NCNR �wierk24.10�27.10 20Ne+354 Studentworkshop HIL14.11�27.11 14N+372 EAGLE IEP UW HIL, IEP UW, NCNR �wierk28.11�01.12 18O+4102 IGISOL IEP UW HIL, NCNR �wierk, NCNR �ód¹,US Katowi
e, IPN Orsay14.12�23.12 15N+382 ICARE NUKharkiv HIL, NCNR �wierk, NU Kharkiv,US Katowi
e, INP Kraków



HIL Annual Report 2011 15A.3 The Warsaw PET Proje
t � Radiopharma
euti
als Produ
-tion and Resear
h Centre at HILJ. Choi«ski, J. Jastrz�bski, K. Kilian, I. Mazur, P.J. Napiorkowski, A. P�kal,D. Sz
zepaniakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2011 the University of Warsaw invested additional funds of its own to �nish these
ond produ
tion laboratory, whi
h is an integral part of the investment, keeping thesame standard as the basi
 lab for the produ
tion of FDG. The agreement was signedon 25 July 2011. The proje
t was extended to the design and exe
ution of 
lean-rooms,equipped with hot 
ells for labelling with 18F, 11C and 15O isotopes. This shifted the �naldate of 
ompletion to 28 February 2012.This year, the main e�ort was fo
used on design and building exe
ution works. Inparallel the equipment was installed and tested: on 15 July 2011, the 
y
lotron wasinstalled at the site. By De
ember, all the hot 
ells, 
lean rooms, and te
hni
al areas withrespe
tive systems were �nished.Despite the serious problems with whi
h we had to deal in this proje
t, it will be
ompleted in the �rst half of 2012.The 
ompletion of the proje
t will be 
elebrated with an international 
onferen
e:�Positron Emission Tomography in Resear
h and Diagnosti
s� organised in May 2012, bythe Heavy Ion Laboratory in 
ollaboration with the Department of Nu
lear Medi
ine,Medi
al University of Warsaw and the International Atomi
 Energy Agen
y.
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trostati
 quadrupoles of the HIL 
y
lotron inje
tion lineJ. Choi«ski, A. Jakubowski, A. Pietrzak, J. Misz
zak, M. Sobolewski, J. Sura,A. Góre
kiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandBeams of ions from the ECR ion sour
e are transported to the 
entral region of the
y
lotron by an ion-opti
al system 
alled the �inje
tion line�. The purpose of the line is toform the beam so it is a

epted by the 
y
lotron high frequen
y RF a

elerating system,with the lowest possible losses. The beam is shaped in time by a bun
her to rea
h theRF system at the proper phases. The spa
e form of the beam is formed by magneti
 andele
trostati
 ion-opti
al elements.In this report we des
ribe a set of ele
trostati
 quadrupoles installed to mat
h thebeam emittan
e and the 
y
lotron a

eptan
e. This fun
tion is illustrated in Fig. 1.

Figure 1: If the 
y
lotron a

eptan
e in a given plane is like the green ellipse and the emit-tan
e of the beam is like the red ellipse, then only parti
les having the deviation-in
lination
oordinates within the overlapped green region will be a

epted by the a

elerating sys-tem.Sin
e the fo
using power of the 
y
lotron is di�erent in the horizontal and verti
alplanes (the betatron frequen
ies are di�erent by a fa
tor of around three), we need fourfree parameters to mat
h both planes [1, 2℄. We 
hose a set of four quadrupole lensesassembled in two doublets. A single lens is s
hemati
ally shown in Fig. 2, and a pi
tureof a doublet is presented in Fig. 3.The ele
trodes are made of oxygen-free 
opper to in
rease their spark resistan
e. Theyare approximately hyperboli
ally shaped using the data given in Ref. [3℄. The insulatorsare made of te�on plates. The voltage for ea
h ele
trode is supplied by a separate voltagesour
e through a va
uum insulator. The whole system is shown s
hemati
ally in Fig. 4.The geometri
al parameters are: beam aperture 2a = 75 mm, radius of the ele
trode
urvature RE = 43 mm, length of ele
trodes L = 100 mm, distan
es s = 50 mm,
s3 = 200 mm. The opti
al parameters k1, k2 result from the transport analysis. Thepolarisation voltages on ea
h of the ele
trodes are shown in Fig. 5.The analysis of the beam transport starts with the assumption that at the entran
e tothe system s1 = 0, the beam being formed by the previous elements to a 
ross-over in bothplanes. In our 
ase we need the fo
us pla
ed in the 
entral post at s2 = sx = 1500 mmand s2 = sy = 1000 mm. The distan
es of the fo
us in terms of the transport matrixelements are:
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Figure 2: S
hemati
 drawing of a single lens Figure 3: Photo of one of the two doubletsinstalled in the 
y
lotron inje
tion line.
sx(k1, k2) = −

Tx(k1, k2)0,0
Tx(k1, k2)1,0

sy(k1, k2) = −
Ty(k1, k2)0,0
Ty(k1, k2)1,0Here the indi
es of the matrix elements follow the 
onvention used in the MATHCAD pro-gram.For the above requirements and for ions with a mass to 
harge ratio A/Q = 5, withan ECR extra
tion voltage of Vecr = 24 kVolt, we get the values of the lens parameters

k1 = 4.504, k2 = 4.204, and 
onsequently the lens voltages:
V1 = k2

1 · Vecr · a
2 V2 = k2

2 · Vecr · a
2Hen
e, V1 = 684.543 V and V2 = 596.612 V.The system is regularly used and it in
reases the 
y
lotron beam intensity. The am-plifying fa
tor depends on the type of ion and the settings of all the other line elements.It is also used as a steering system when some values of a single lens voltages are 
hanged,introdu
ing the �rst harmoni
s in the quadrupole �eld distribution. The �rst harmoni
sshift the 
entre of the lens and it results in a steering e�e
t.

Figure 4: S
hemati
 drawing of the wholesystem. Figure 5: The signs of voltages fed to ea
hele
trode.Bibliography[1℄ A Septier, J. van A
ker Nu
l. Inst. and Meth. 13 (1961) 335[2℄ C. Wels
h et al. �An Ele
trostati
 Quadrupole Doublet with an Integrated Steerer�,Pro
. of EPAC 2004, Lu
erne, Switzerland[3℄ G.E. Lee-Whiting, L. Yamazaki, Nu
l. Inst. and Meth. 94 (1971) 319
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tivity reportA. Bednarek, K. Sosnowski, M. Budziszewski, T. Bra
ha , J. Misz
zak, P. GmajHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2011 modernisation of the RF power system (Fig. 1) used for the a

eleration ofparti
les inside the 
y
lotron was initiated. A grant from the Fund for Polish S
ien
eand Te
hnology made it possible to open a tender for the supply and 
ommissioning ofa 
omplete RF system. The 
omplete system 
onsists of a synthesiser-ex
iter, a pairof identi
al ampli�er 
hains and phase and amplitude stabilisation 
ir
uits. The tenderpro
edure is 
urrently on-going.

Figure 1: Front panel of the existing RF power system.In 
ollaboration with members of the va
uum team, we developed and laun
hed a pro-totype va
uum pump 
ontroller. The heart of the 
ontroller is the LOGO, PLC 
ontrollerfrom the Siemens 
ompany. Two RF power tubes (Fig. 2) for the RF power stage werepur
hased from the Joint Institute of Nu
lear Resear
h, Dubna, Russia The assistan
e ofthe Dubna Institute in arranging this transa
tion is gratefully appre
iated, as the tubes,made in the USSR, have not been on the market for many years.Routine maintenan
e work and repairs were also performed by the RF group. InDe
ember 2011, modernisation of the existing emergen
y 
ooling water leakage drain was
arried out. Corroded and 
logged pipes were removed. The old pipes were repla
ed withnew ones made of plasti
, with a larger 
ross se
tion. The new system is equipped with aele
tro-me
hani
al water leakage sensor (Fig. 3 ) and a �ashing lamp indi
ating leakage.Early dete
tion of water leaks in the RF power 
ompartment allows serious damage ofexpensive elements of the �nal RF power stage, powered by a high voltage of 10 kV, to beavoided. Before the installation of the water leakage warning system, we had to repla
ethe high voltage insulator supporting tunable resonant 
ir
uit of the RF power stage,whi
h was damaged by water spray 
oming from the holes in the 
ooling system. We alsotested and introdu
ed new fast on/o� 
onne
tors for elasti
 pipes with 
ooling water. Thenew 
onne
tors signi�
antly de
rease the time needed to repla
e a ruptured pipe.
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Figure 2: RF system power va
uum tube GK-11A from Dubna.

Figure 3: Water leakage sensor (left) and water leakage indi
ator lamp (right).
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tivity report of the ele
tri
al support groupM. Kopka, W. Koza
zka, P. Krysiak, Z. Morozowi
z, K. PietrzakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2011 the ele
tri
al support group designed and implemented several proje
ts:1. Constru
tion of three new magneti
 
oils for the magneti
 trap of the ECR ionsour
e, repair of one 
oil.2. Measurements of the ele
tri
 parameters of two transformers and two 
hoke 
oils ofthe high frequen
y generators.3. Repair and adjustment of the power supply UZ1.4. Repla
ement of fans in the main power supply ZM1.5. Measurement of the reserve 
apa
itors for the rea
tive power 
ompensation.6. Parti
ipation in the design of a new power swit
hing station RGW to power thehigh frequen
y generators and PET Laboratory.The following routine measurements and maintenan
e pro
edures were also performed:1. Measurements and maintenan
e of power supplies, ele
tromagnets and wiring of thelaboratory equipment.2. Measurements and maintenan
e of the ele
tri
al power system and the ele
tri
alinstallations, in
luding lighting, inside and outside, of the HIL building.In addition, �ve members of the ele
tri
al support group performed regular 
y
lotronoperator duties a

ording to the experimental s
hedule and parti
ipated in the s
ien
epopularisation and tea
hing a
tivities at HIL (guided tours of the fa
ility, Polish Workshopof A

eleration of Heavy Ions, International Workshop on A

eleration and Appli
ationsof Heavy Ions, Festival of S
ien
e).
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tor Laboratory and status report on Phase I20 HPGe from GAMMAPOOLT. Abraham1 , J. Srebrny1 , M. Kisieli«ski1 ,2 , A. Pietrzak1 , M. Ant
zak1 ,A. Jakubowski1 , M. Figat11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandThe 
entral European Array for Gamma Levels Evaluations (EAGLE) [1, 2℄ was de-signed to host 20 high purity Compton suppressed germanium dete
tors as part of a
ollaboration with the European GAMMAPOOL. In preparation for forth
oming exper-iments a new Dete
tor Laboratory was set up. This Laboratory is equipped with twosetups for regeneration of HPGe dete
tors (Fig. 1), and another for testing dete
tors(Fig 2). The dete
tor laboratory was ready for use before the dete
tors arrived in June2011.

Figure 1: HPGe dete
tor regeneration setups at HILThe newly obtained dete
tors were tested and regenerated during summer 2011 tobe ready for experiments in September and November 2011. Out of the total number of20 dete
tors obtained only 10 had satisfa
tory performan
e parameters. The other tenhad problems whi
h were repaired in 6 
ases. One dete
tor with neutron damage wasannealed and two others with bad va
uum were restored by pumping. Two dete
torswith broken high voltage �lters and one with a broken preampli�er were repaired. Thelast four dete
tors were beyond repair in our laboratory due to the following problems:va
uum leak, high dete
tor 
urrent in two 
ases and bad pulse shape. In this last 
ase,the dete
tor 
an not be used with pile up reje
tion, whi
h disquali�es the dete
tor fromexperiments in the EAGLE setup. Our evaluation was 
on�rmed during a two weeks'visit to HIL of Pete Jones from the University of Jyväskylä.Finally 16 Germanium dete
tors with 70% e�
ien
y and 15 anti-Compton shields wereready for use in the EAGLE spe
trometer. This means 15 dete
tors may be used at atime in an experiment (limited by the number of anti-Compton shields). The dete
torshave energy resolutions ranging from 2 to 3 keV at the 1333 keV 60Co line. The dete
tor
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Figure 2: HPGe dete
tor testing setup at HILlaboratory with two regeneration setups operational is able to regenerate fully all 16dete
tors in 8 weeks.The work done in the new dete
tor laboratory 
ombined with the e�orts of engineers inthe EAGLE proje
t en
ouraged the laboratory in the physi
s department of the Universityof Jyväskylä (Finland) to lend HIL �ve high purity Compton suppressed germaniumdete
tors for use from De
ember 2011 to April 2012.Bibliography[1℄ J. Mierzejewski Nu
l. Inst. and Meth. A659 (2011) 84[2℄ J. Mierzejewski et al. HIL Annual Report 2010, page 24
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ontrol of FDGK. Kilian, A. P�kalHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandMole
ular imaging with radiopharma
euti
als uses short-lived isotopes (usually 18F,
11C, 13N, 15O). One of the most important aspe
ts of working with radiopharma
euti
alsis the short time (about 40 minutes) that 
an be spent on quality 
ontrol and releasepro
edures, thus the speed, simpli
ity and reliability of the analyti
al methods are 
riti
alfa
tors. For radiopharma
euti
als the general requirements are listed in the EuropeanPharma
opoeia and these parameters have to be 
he
ked before appli
ation for humanuse.To ensure the smooth realisation of the whole proje
t of the Radiopharma
euti
alsProdu
tion and Resear
h Centre, the development of quality 
ontrol methods for FDGhas to be performed in advan
e for testing and quali�
ation of modules and systems. In2011 a set of analyti
al methods has been developed, 
overing:

• Nu
lidi
 purity,
• Chemi
al and radio
hemi
al purity,
• Isotoni
ity and pH,and applied to referen
e samples obtained from other laboratories.A.9 The 11C and 15O LaboratoryK. Kilian, J. Choi«ski, I. Mazur, A. P�kalHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandAn important task and organisational investment in 2011 was the pur
hase of equip-ment for and 
ommissioning of the Laboratory dedi
ated to resear
h on radiopharma
eu-ti
als labeled with short-lived isotopes. The laboratory was equipped with two hot 
ells,a wide range of synthesisers for 11C labelling of mole
ules (3 synthesisers) and 15O (1shielded synthesiser for 15O-H2O). The equipment allows 
ommon radiopharma
euti
alsused in diagnosti
 pra
ti
e to be synthesised as well as developing innovative labelled
ompounds.In addition, the targetry for 11C and 15O was installed in the 
y
lotron bunker. The
hemistry lab was equipped with a mi
rowave synthesiser for development of new pro
e-dures and a liquid 
hromatograph with mass spe
trometry (LC-MS) for stru
tural studiesand identity 
he
k of the 
ompounds obtained.The 11C and 15O Laboratory was equipped in the framework of the Pre
lini
al Resear
hand Te
hnology Centre under the Innovative E
onomy proje
t.



24 HIL Annual Report 2011A.10 Unix Computers at HILJ. Tarnowski, J. Misz
zakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandModernisation and uni�
ation of all the Unix 
omputer systems at HIL, begun in2009 [1℄ and 
ontinued in 2010 [2℄, was su

essfully 
ompleted at the beginning of 2011.All workstations and servers in the HIL 
omputer network were upgraded to Ubuntu Linuxv.10.04 LTS. In the middle of 2011 the disk spa
e of the HIL mail server was extendedapproximately four times. In the third quarter of 2011 the HIL ba
kup server was alsoupdated, whi
h in
luded doubling its disk spa
e.As already reported [2℄, advan
ed shell s
ripts are used for the administration of thelinux 
luster at HIL. These s
ripts 
an be divided into two groups. The �rst is designed tokeep the Ubuntu hosts 
on�guration 
oherent. The se
ond makes the pro
ess of systemre-installation easier and faster (after hardware failures for example). In 2012 the s
riptswere signi�
antly improved and extended.Linux and other Unix-like 
omputer operating systems are generally regarded as verywell-prote
ted against mali
ious programs, but they are not absolutely immune. Thenumber of viruses, Trojans, and other 
omputer 
ontaminant programs � spe
i�
allywritten for Linux � has been on the rise in re
ent years. In addition, �les that are storedin Linux hosts, and later distributed, 
ould be infe
ted by mali
ious software written forWindows. Taking all these aspe
ts into a

ount, a de
ision was taken to improve these
urity of the HIL 
omputer network by installing anti-virus pa
kages on 
ru
ial Unixhosts. A number of available anti-virus pa
kages were evaluated. Finally avast! for Linuxwas 
hosen and installed at HIL on WWW and �le servers.The Collaborative SPIRAL2 Preparatory Phase web site that is hosted and maintainedby HIL was moved to the new WWW server in the �rst quarter of 2011. Despite the fa
tthat the SPIRAL2 Preparatory Phase proje
t terminates in Mar
h 2012, the web site willbe a
tive at the HIL WWW server till April 2021. The validity of the spiral2pp.eu domainwas prolonged till this date.The following a
tivities are s
heduled for the next year: modernisation of the HILWiFi network system (Q1, Q2), modernisation (hardware and software updates) of theHIL mail server (Q2, Q3), operating system update (to Ubuntu Linux 12.04 LTS) for allUnix 
omputers a
tually running under Ubuntu Linux 10.04 LTS (Q3, Q4).Bibliography[1℄ HIL Annual Report 2009, page 20[2℄ HIL Annual Report 2010, page 28



HIL Annual Report 2011 25A.11 Computers and networks at HILJ. Misz
zak, R. Kruszy«skiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2010 there were two failures of the Air Conditioning (AC) system in the Laboratory'sserver room (one in summer and one in winter). The failures were qui
kly �xed, so therewas no interruption to the Laboratory's 
omputer servi
es. It was however found out, thatthe problems were 
aused by the borne dust from the neighbouring 
onstru
tion sites, andby the fa
t, that the AC system operated near its maximum 
ooling 
apa
ity. Sin
e theserver room was rather small (3.1 m by 3.1 m), a de
ision was taken to 
onvert one room inthe basement of the Laboratory building into a se
ond server room, instead of upgrading(or in fa
t repla
ing) the AC unit in the old one. The new room was out�tted with a12kW AC system, a raised �oor, and a dual 1 Gb/s �ber opti
s link to the LaboratoryLAN. Most of the existing servers were moved to the new room in the spring. Additionalspa
e is available there and 
an in future be used to a

ommodate new 
omputers. Withthe ex
eption of the installation of the AC unit, all the 
onversion work in the new serverroom was done by the Laboratory sta�.
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ational and s
ien
e popularisation a
tivities at HILA. Trz
i«ska1 , O. Ste
zkiewi
z1 , M. Zieli«ska1 , M. Pala
z1 , J. Choi«ski1 ,K. Hady«ska-Kl�k1 ,2 , G. Jaworski1 ,3 , K. Kilian1 , J. Mierzejewski1 ,2 ,P.J. Napiorkowski1 , L. Pie«kowski1 , J. Srebrny1 , K. Wrzosek-Lipska1 ,2 ,1) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland3) Fa
ulty of Physi
s, Warsaw University of Te
hnology, Warszawa, PolandFor many years the Laboratory has been strongly involved in edu
ation and s
ien
epopularisation. Guided tours at HIL have be
ome a regular a
tivity. These �live� lessonson the 
y
lotron and nu
lear physi
s 
ontinue to enjoy popularity in high s
hools, in-
luding ones from outside Warsaw. During the guided tour visitors 
an see the 
ontrolroom and the 
y
lotron, get a
quainted with fa
ilities installed in the Laboratory andthe experiments performed here. Short le
tures providing a basi
 introdu
tion to nu
learphysi
s and the prin
iples of 
y
lotron operation are also o�ered, espe
ially to high s
hoolstudents. Tours are free of 
harge.In 2011, 33 groups (almost 1000 people) visited our Laboratory. High-s
hool 
lasseswere the largest 
ategory of our visitors, but we also wel
omed students from fa
ultiesof the University of Warsaw: Physi
s and Biology, as well as from the Maria Curie-Skªodowska University in Lublin, the Cardinal Stefan Wyszy«ski University in Warsaw,the Jan Ko
hanowski University in Kiel
e and the Warsaw University of Te
hnology.Physi
s Student Clubs from di�erent universities, �nalists of the Inters
hool Competitionin Physi
s and Chemistry �EUREKA�, �nalists of the Polish Competition �Looking fortalents�, parti
ipants of the Summer S
hool of Physi
s organised by the Fa
ulty of Physi
s,University of Warsaw, and groups of physi
s tea
hers were also among our visitors.In September HIL parti
ipated in the annual Festival of S
ien
e 201 for the 15th time.We prepared a series of panel dis
ussions on subje
ts related to nu
lear physi
s and itsappli
ations in te
hnology and medi
ine. These meetings took pla
e on 24 September andwere a

ompanied by guided tours of the 
y
lotron. During the pre
eding week we alsoorganised so-
alled Festival Lessons for se
ondary s
hool 
lasses. These simple le
tures,addressed to youths of age 14�15, attra
ted large attention.In 2011, the Laboratory for the �rst time took part in the �Museum Night� organisedin Warsaw. In this event, not only museums, but also other institutions were opened upto the publi
 in the late evening of 14 May. Our fa
ility was then visited by more than500 guests of di�erent ages and ba
kgrounds. In turn on 26 May, we parti
ipated in theinauguration of the so 
alled �Maria Skªodowska-Curie edu
ational path�, a histori
al andedu
ational establishment lo
ated in the park in front of the HIL building, and in thenearby on
ologi
al hospital � the former Radium Institute whi
h at its opening in 1932re
eived 1 g of radium as a gift from M. Skªodowska-Curie.The Seventh Polish Workshop on A

eleration and Appli
ations of Heavy Ions wasorganised at HIL in O
tober 2011 (see Se
. A.13 of this Report), and for the �rst timewe also hosted an international version of the workshop (Se
. A.14). HIL sta� membersare also engaged in supervising MS
 and PhD theses � see Se
. D.1. In the summer afour-week training 
ourse was organised for several students from the Warsaw Universityof Te
hnology.



HIL Annual Report 2011 27A.13 Polish Workshop on the A

eleration and Appli
ations ofHeavy IonsP.J. Napiorkowski1 , A. Trz
i«ska1 , T. Abraham1 , K. Hady«ska-Kl�k1 ,2 , G. Jaworski1 ,3 ,M. Komorowska1 ,2 , M. Kowal
zyk1 ,2 , J. Mierzejewski1 ,2 , M. Pala
z1 , J. Srebrny1 ,O. Ste
zkiewi
z1 , A. Stolarz1 , I. Strojek4 , K. Wrzosek-Lipska1 ,21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland3) Fa
ulty of Physi
s, Warsaw University of Te
hnology, Warszawa, Poland4) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandThe Polish Workshop on the A

eleration and Appli
ations of Heavy Ions has beenorganised at HIL every year sin
e 2005. It is intended for students of �rst 
y
les studiesinterested in nu
lear physi
s, and o�ers them a unique opportunity to gain experien
ein methods of data a
quisition and analysis, in operating the 
y
lotron in
luding beamdiagnosti
s measurements, and in 
harged parti
le and gamma-ray dete
tion te
hniques.The number of parti
ipants has been in
reasing every year, rea
hing nineteen in 2008.This number is limited by the 
apa
ity of the HIL guest house, in whi
h students area

ommodated. Parti
ipation in the workshop, in
luding the a

ommodation, is free of
harge. After the su

ess of the �rst editions, we usually re
eive over twi
e as manyappli
ations as the number of pla
es available. It should also be noted that almost everyyear new institutions join the list of universities interested in sending their students tothe Workshop. The parti
ipants are often willing to 
ontinue the 
ollaboration with HILin the form of a summer internship or at the MS
 stage. So far three MS
 theses preparedat HIL by former Workshop parti
ipants have been defended: one in 2008 at the AdamMi
kiewi
z University in Pozna« and two in 2009 at the University of Silesia in Katowi
e.The 14 students parti
ipating in the Workshop in 2011 
ame from the following uni-versities: 3 from the Jagiellonian University in Kraków, 4 from the University of Lodz,4 from the University of Silesia and 3 from Sz
ze
in University. During the Workshop theyattended a series of le
tures on subje
ts related to heavy ion physi
s. The experimentaltasks allowed them to get a
quainted with HIL infrastru
ture by performing measurementsusing dedi
ated apparatus available in the Laboratory. The Workshop was 
on
luded bystudent presentations � ea
h group prepared a 20 minute talk on their measurementsand results.In 2011, the programme of the le
tures was as follows:
• Presentation of HIL (K. Rusek);
• Radioprote
tion at HIL (R. Ta«
zyk);
• Introdu
tion to heavy ion a

eleration and elements of ion opti
s (O. Ste
zkiewi
z);
• Dete
tion of gamma radiation, 
harged parti
les and neutrons (M. Pala
z);
• In-beam gamma spe
tros
opy (P. Napiorkowski);
• Nu
lear-
oal synergy (L. Pie«kowski),
• Targets for nu
lear physi
s (A. Stolarz),
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• Radioa
tive de
ays as a sour
e of nu
lear stru
ture information (Z. Janas),
• Radiopharma
euti
als for Positron Emission Tomography (K. Kilian).Students took part in the following experimental tasks:
• Beam fo
using in heavy ion a

eleration.
• Beam energy measurements based on Rutherford s
attering.
• Identi�
ation of ex
ited bands in gamma-gamma 
oin
iden
es.
• Measurements of 137Cs a
tivity in environmental samples.
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eleration and Appli
a-tions of Heavy IonsM. Zieli«ska1 ,2 for the Warsaw-Huelva-So�a-Antalya 
ollaboration1) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) IRFU/SPhN, CEA Sa
lay, Gif-sur-Yvette, Fran
eNu
lear physi
s students have often quite limited possibilities of getting a
quaintedwith modern s
ienti�
 apparatus. Low quality and out-of-date equipment as well as thebasi
, uninspiring 
hara
ter of laboratory exer
ises are among the main 
omplaints instudent questionnaires 
on
erning laboratories at physi
s fa
ulties in Poland.To meet the needs of Polish nu
lear physi
s students, the Heavy Ion Laboratory organ-ised the �rst Workshop on the A

eleration and Appli
ations of Heavy Ions in 2005, whi
h,after the su

ess of the �rst edition, has been repeated every year sin
e (see Se
. A.13of this Report). In general the workshops were very well re
eived by parti
ipants, whoappre
iated espe
ially the possibility of performing nu
lear physi
s measurements usingreal s
ienti�
 equipment, used every day for resear
h, and the experien
e of work in ana

elerator laboratory. The evaluation showed, however, that the parti
ipants judge thetime allo
ated for the workshop (6 working days) as being too short to fully bene�t fromit. Larger working groups (4 persons and more) were also disfavoured.These remarks were taken into a

ount when organising in Mar
h 2011 the �rst Inter-national Workshop on the A

eleration and Appli
ations of Heavy Ions [1℄ based on this
on
ept. The workshop obtained signi�
ant �nan
ial support from the ERASMUS LLPProgramme as a so-
alled Intensive Programme (grant agreement ERA_IP_18_2010).In order to be eligible for this type of funding, several 
onditions 
on
erning the durationand intensity of the 
ourse as well as the number of foreign parti
ipants had to be ful-�lled. An Intensive Programme also has to be organised by a 
onsortium of at least threeuniversities from three di�erent European 
ountries. Only students a�liated at thesepartner institutions 
an bene�t from the ERASMUS �nan
ial support that we re
eived.The 
onsortium was formed by the University of Warsaw, University of Huelva (Spain)and University of So�a (Bulgaria) and 19 students from Bulgaria, Spain and Poland tookpart in the �rst edition of the workshop. In 2011, Akdeniz University in Antalya, Turkey,joined the list of partner institutions 
o-organising the workshop and starting from 2012,students and s
ientists from this university will take part in it. The workshop be
omesmore and more integrated in the tea
hing programmes at the partner institutions: stu-dents from Warsaw, Huelva and Antalya re
eive ECTS 
redits upon su

essful 
ompletionof the 
ourse, and in Huelva it has be
ome a mandatory 
ourse for the se
ond 
y
le ofstudies in the �eld of nu
lear engineering.In 2011, the programme of le
tures in
luded subje
ts su
h as target preparation, ionopti
s, presentation of various experimental te
hniques as well as appli
ations of nu
learmethods in other �elds, for example medi
ine and nu
lear energy. I. Martel (Univer-sity of Huelva, Spain), S. Lalkovski (So�a University �Sveti Kliment Ohridski�, Bulgaria),N. Keeley (The National Centre for Nu
lear Resear
h, �wierk), L. Pró
hniak (MariaCurie-Skªodowska University in Lublin), K.W. Kemper (Florida State University, Talla-hassee, USA), P. De
owski (Smith College, Northampton, USA), M. Kmie
ik (Institutefor Nu
lear Physi
s, Kraków) were among the le
turers along with several resear
hersfrom HIL (K. Rusek, O. Ste
zkiewi
z, A. Stolarz, J. Kowna
ki, L. Pie«kowski, K. Kilian).



30 HIL Annual Report 2011Students took part in the following experimental tasks:A. Ion opti
s (supervisors: O. Ste
zkiewi
z, P. Gmaj, J. Sura, A. Trz
i«ska);B. Rutherford s
attering (supervisors: J. Iwani
ki, J. Srebrny, I. Strojek);C. Gamma-ray spe
tros
opy (supervisors: M. Pala
z, J. Mierzejewski);D. Nu
lear rea
tions � experimental (supervisors: I. Martel, I. Strojek);E. Nu
lear rea
tions � theory (supervisors: K. Rusek, N. Keeley, K. Kemper) anddete
tor tests (supervisor: A. Kordyasz);F. Fast timing (supervisors: S. Lalkovski, P.J. Napiorkowski).The student presentations in the form of 20 minute talks on the measurements andresults of ea
h team, 
on
luding the workshop, were assessed by an external jury 
onsistingof three nu
lear physi
s professors.To the best of our knowledge, apart from the Polish Workshop on the A

elerationand Appli
ations of Heavy Ions and its international su

essor, there is no other trainingof this kind o�ered by European a

elerator 
entres. Existing training programmes andsummer s
hools do not provide a

elerator beam time and sophisti
ated equipment fortea
hing purposes only: 
ommon pra
ti
e is in
orporating students in resear
h groupsand assigning them routine and sometimes unskilled tasks. In this aspe
t, our proje
tis unique and innovative: it o�ers a real hands-on experien
e with modern equipmentand an opportunity to work in an international group on an open problem. In additionto spe
i�
 knowledge on methods of data a
quisition and analysis, in operating the 
y-
lotron in
luding beam diagnosti
s measurements and in 
harged parti
le and gamma-raydete
tion te
hniques, parti
ipation in the workshop enables the students to develop theirteamwork and 
ommuni
ation skills as well as their ability to deal with open questionsand to think 
riti
ally. The proje
t en
ourages both student and tea
her mobility andstrengthens the existing 
ollaboration between parti
ipating institutions.Bibliography[1℄ Workshop website: http://www.sl
j.uw.edu.pl/workshop
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HIL Annual Report 2011 33B.1 Study of the Iπ = Kπ = 8− isomeri
 state in N=74 nu
lei by
ombined 
onversion-ele
tron and γ-ray spe
tros
opyJ. Perkowski1 , J. Andrzejewski1 , T. Abraham2 , W. Czarna
ki4 , Ch. Droste3 ,E. Grodner3 , �. Janiak1 , M. Kisieli«ski2 ,4 , M. Kowal
zyk2 ,3 , J. Kowna
ki2 ,4 ,J. Mierzejewski2 ,3 , A. Korman4 , J. Samoraj
zyk1 , J. Srebrny2 , A. Stolarz2 ,M. Zieli«ska21) Fa
ulty of Physi
s and Applied Computer S
ien
e, University of Lodz, �ód¹, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland4) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandThe violation of the K sele
tion rule for ele
tromagneti
 transitions in nu
lei is not yetwell understood [1�4℄. One possible reason for the phenomenon is the Coriolis intera
tion,whi
h is responsible for an admixture of wave fun
tion 
omponents 
hara
terised by Kvalues higher than the main one. However, non-axial deformation may 
ause the sameexperimental e�e
ts. The nu
lei with mass number 
lose to A=130, with large triaxiality γaround 20�30◦, are an ex
ellent testing ground to study this phenomenon. The interesting
Iπ = Kπ = 8− isomeri
 state appears in nu
lei in this mass number area.The 
onservation of the K-number was studied in the de
ay of the isomeri
 state in
130Ba. The interesting isomer was populated using the 122Sn(12C,4n)130Ba rea
tion. Themeasurement was 
arried out in ele
tron-γ and γ-γ
oin
iden
e modes using an ele
tronspe
trometer 
oupled to the EAGLE γ-ray array. The spe
tros
opy of internal 
onversionele
trons together with gamma studies allow multipolarities and furthermore absolutevalues of the transitions probabilities to be determined. It 
an help in 
larifying theme
hanism of violation the K-sele
tion rule. The de-ex
itation of the Iπ = Kπ = 8−isomeri
 state in 130Ba has already been investigated [5, 6℄ but with large di�eren
esbetween the results. The authors of Ref. [5℄ report that the value of the internal 
onversion
oe�
ient of the K-line for the 882 keV transition is equal to 0.0075(8). For the same
oe�
ient, in the publi
ation of Ref. [6℄ a value of 0.0052(5) is given. The total ele
tronspe
trum and a spe
trum gated by the 691 keV γ-ray transition obtained in our experimentare shown in Fig. 1. One may note the presen
e of ele
tron lines from the de-ex
itation ofthe Iπ = Kπ = 8− isomeri
 state. The experimental values of the 
onversion 
oe�
ientsfor the K and L+M+. . . lines for the 462, 882 keV transitions were obtained, while for the1004 keV transition, only the K-line value 
ould be measured [8℄.A test experiment to study the Iπ = Kπ = 8− isomeri
 state in the next N=74 nu
leuswas also performed. The nu
leus 134Nd was produ
ed in the rea
tion: 122Te(16O,4n)134Nd.A total γ-ray spe
trum re
orded during the two-day experiment is shown in Fig. 2. Thegamma lines 
hara
teristi
 for the de
ay of the Iπ = Kπ = 8− isomeri
 state in 134Nd areobserved in the spe
trum.Bibliography[1℄ T. Morek et al., A
ta Phys. Pol. B32 (2001) 2537[2℄ T. Morek et al., Phys. Rev. C63 (2001) 034302[3℄ A. M. Bru
e et al., Phys. Rev. C55 (1997) 620[4℄ C.M. Petra
he et al., Nu
l. Phys. A617 (1997) 249[5℄ H. Rotter et al., Nu
l. Phys. A133 (1969) 648
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Figure 1: The �beam-o�� total ele
tron spe
trum (solid line), and a spe
trum gated bythe 691 keV γ-ray transition (dashed line), 
olle
ted during an 8-day experiment with anaverage beam 
urrent of 40 enA. The strongest transitions belonging to the de
ay of theisomeri
 state in 130Ba are labeled. The de
ay s
heme of the isomeri
 state Iπ = Kπ = 8−is shown in the left-hand side of the �gure [7℄.

Figure 2: Gamma-ray lines observed with a 122Te target after 2 days' exposure to a beamof 16O ions. The arrows indi
ate γ-ray transitions below the Iπ = Kπ = 8− isomeri
 statein 134Nd[6℄ D. Ward, F.S. Stephens, and R.M. Diamond, University of California Lawran
e Ra-diation Laboratory Report No. UCRL-18667 (1969) 54[7℄ National Nu
lear Data Center (http://www.nnd
.bnl.gov/)[8℄ J. Perkowski et al., A
ta Phys. Pol. B43 (2012) 273[9℄ J. Samoraj
zyk et al., A
ta Phys. Pol. B43 (2012) 325



HIL Annual Report 2011 35B.2 Investigation of the in
omplete fusion rea
tion me
hanism inthe 20Ne+122Sn rea
tionJ. Mierzejewski1 , A. A. Pasternak1 ,2 , J. Srebrny1 , A. Stolarz1 , M. Kowal
zyk1 ,5 ,M. Komorowska1 ,5 , H. Mierzejewski3 , M. Kisieli«ski1 ,6 , J. Kowna
ki1 ,6 , A. Kordyasz1 ,M. Zieli«ska1 , W. Perkowski1 , A. Jakubowski1 , M. Ant
zak1 , A. Pietrzak1 ,P. Jasi«ski1 , B. Paprzy
ki1 , K. Wrzosek-Lipska1 , K. Hady«ska - Kl�k1 , M. Pala
z1 ,G. Jaworski1 ,7 , J. Perkowski4 , Ch. Droste5 , J. Skalski6 , R. An
zkiewi
z81) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) A.F. Io�e Physi
al Te
hni
al Institute, St. Petersburg, Russia3) Fa
ulty of Produ
tion Engineering, Warsaw University of Te
hnology, Warszawa, Poland4) Fa
ulty of Physi
s and Applied Computer S
ien
e, University of Lodz, �ód¹, Poland5) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland6) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland7) Fa
ulty of Physi
s, Warsaw University of Te
hnology, Warszawa, Poland8) Institute of Geologi
al S
ien
es, Polish A
ademy of S
ien
es, Kraków, PolandThe me
hanism of the 20Ne+122Sn rea
tion was investigated using the EAGLE spe
-trometer [1℄. Charged parti
le-γ 
oin
iden
es were measured with 30 ∆E Si dete
tors ofthe Si-ball [2, 3℄, 
oupled to 12 Compton-suppressed Ge dete
tors. A 5.4 mg/
m2-thi
ktarget of metalli
 122Sn was pla
ed in a 70 µm thi
k aluminium tube, shielding the Sidete
tors from the s
attered beam. The target was enri
hed to 95.4% of 122Sn. Measure-ments were performed at two 20Ne energies: 141 MeV and 150 MeV. The gamma and
harged parti
le spe
tra for sele
ted αxn and pxn 
hannels were registered in the 4π solidangle. The aim of the experiment was to provide experimental results that might help todes
ribe the dynami
s of the in
omplete fusion rea
tion [4℄ me
hanism: the 
reation of
ompound nu
lei and α-parti
le emission.

Figure 1: In
omplete fusion α-parti
le spe
tra (solid line) for the 122Sn(20Ne,α5n)133Cerea
tion at 150 MeV (a) and 141 MeV (b) 20Ne beam energy, 
ompared to in
ompletefusion 
al
ulations performed with COMPA (points).The 
harged parti
le spe
tra a

ompanying the produ
tion of 133Ce were obtained bysetting gates on the 190, 295, 357 and 620 keV transitions [5℄ observed in the γ spe
tra.Spe
tra measured in the 20◦�60◦ ring of the Si-ball 
ontained α parti
les originating fromboth 
omplete and in
omplete fusion. Spe
tra of evaporated α parti
les were 
al
ulated
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ode [6℄ and subtra
ted from the spe
tra in the 20◦�60◦ ring. Thein
omplete fusion spe
tra obtained are shown in Fig. 1 a and b. Alpha parti
les arevisible at energies above 6 MeV. The lower part of the spe
tra is presumably dominatedby protons, believed to be emitted in rea
tions with target admixtures. The di�eren
ebetween the presented spe
tra is easily noti
eable.We proposed a new model of an in
omplete fusion rea
tion [6, 7℄, whi
h was re
entlyin
orporated in COMPA. The model 
onsists of seven semi-empiri
al parameters: R0,
DICF , F , ef , σL, σR and δ. It is based on the assumption that the proje
tile breaksup while approa
hing the target. After breakup the α parti
le moves in some e�e
tiveCoulomb potential and �nally es
apes from the 
ompound nu
leus. Fig. 1 presents the
omparison of COMPA 
al
ulations and in
omplete fusion spe
tra. The 
al
ulations wereperformed using the parameter set RO=1.03, DICF=2, F=10, ef=0.4, σL=σR=0.65 and
δ=0.5. The 
al
ulations do not reprodu
e the spe
tra just below the edge observed atabout 13.5 MeV. As des
ribed in [8℄, the simulations of the ∆E dete
tors are not a

uratefor this part of the spe
tra. Therefore, a 
omparison should only be made for energiesbelow 12 MeV. Ex
ept for this, the data are rather well reprodu
ed.The 
al
ulated spe
tra of both 
omplete and in
omplete fusion in the 20◦�60◦ ring
an be presented in the 
entre of mass system. Su
h spe
tra, shown in Fig. 2, allow for abetter overview of the model's performan
e. The di�eren
e between the in
omplete fusionspe
tra is easily noti
eable while the evaporation 
omponents are equal in the shape andposition for both 20Ne beam energies.

Figure 2: α parti
le spe
tra (solid histogram) in the 
entre of mass system 
orrespondingto the spe
tra in the 20◦�60◦ ring of the Si-ball for the 122Sn(20Ne,α5n)133Ce rea
tion at150 MeV (a) and 141 MeV (b) 20Ne beam energy. The de
omposition of the simulatedspe
tra into the 
omplete (open dots) and in
omplete (open squares) fusion 
omponentsis shown.Alpha parti
le spe
tra from an in
omplete fusion rea
tion 
arry information on theemission me
hanism. Ex
lusive spe
tra attributed to αxn 
hannels, in 
ontrast to in
lusiveones, 
arry an information on the spin and ex
itation energy of the 
ompound nu
leusas well. After the emission of an α parti
le, the subsequent evaporating neutrons haveeasily 
al
ulable angular momenta and energies. Therefore, the ex
lusive spe
tra provideindire
t information on the 
ompound nu
leus state just before evaporation. Su
h spe
tra



HIL Annual Report 2011 37were measured before by Wil
zy«ska et al. [4℄ for the 160Gd(12C,αxn)168−xEr rea
tion andby Arnell et al. [9℄ for the 118Sn(12C,αxn)126−xXe rea
tion. Both 
ases were analysed interms of our in
omplete fusion model [6, 7℄, but sin
e the statisti
s were small, it wasdi�
ult to evaluate the quality of the 
omparison. Moreover, the spe
tra were measuredonly at θ=20o in the laboratory frame. The experiment presented in this work providedex
lusive α parti
le spe
tra with large statisti
s, registered over 4π solid angle, for the
122Sn(20Ne,α5n)133Ce rea
tion at two beam energies: 141 and 150 MeV. The results were
ompared to the model predi
tions.Bibliography[1℄ J. Mierzejewski et al., Nu
l. Inst. and Meth. A659 (2011) 84[2℄ A. Kordyasz et al., Nu
l. Inst. and Meth. A390 (1997) 198[3℄ A. Kordyasz, A. Stolarz, J. Mierzejewski, Nu
l. Inst. and Meth. A655 (2011) 100[4℄ K. Siwek-Wil
zy«ska et al., Phys. Rev. Lett. 42 (1979) (1979) 1599[5℄ R. Ma, E.S. Paul, C.W. Beausang, S. Shi, N. Xu, D.B. Fossan, Phys. Rev. C36(1987) 2322[6℄ COMPA 
ode and and its do
umentation, http://www.sl
j.uw.edu.pl/
ompa[7℄ J. Mierzejewski, A.A. Pasternak, J. Srebrny, R.M. Lieder Physi
a S
ripta T, in press[8℄ J. Mierzejewski, PhD thesis, in preparation[9℄ S.E. Arnell et al. Physi
a S
ripta T5 (1983) 199
B.3 DSA lifetime measurements of 124Cs and the time-reversalsymmetryE. Grodner1 , A. A. Pasternak2 ,3 , J. Srebrny3 , M. Kowal
zyk1 ,3 , J. Mierzejewski3 ,M. Kisieli«ski3 ,4 , P. De
owski5 , Ch. Droste1 , J. Perkowski6 , T. Abraham3 ,J. Andrzejewski6 , K. Hady«ska-Kl�ek3 , �. Janiak6 , A. Kasparek1 , T. Mar
hlewski1 ,P. Napiorkowski3 , J. Samoraj
zyk61) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland2) A.F. Io�e Physi
al Te
hni
al Institute, St. Petersburg, Russia3) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland4) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland5) Smith College, Northampton, USA6) Fa
ulty of Physi
s and Applied Computer S
ien
e, University of Lodz, �ód¹, PolandThe phenomenon of nu
lear 
hirality was postulated in 1997 by S. Frauendorf andJ. Meng in Ref. [1℄. The most simple 
ase of nu
lear 
hirality relates to odd-odd triaxialnu
lei, where the angular momenta of odd nu
leons and the angular momentum of theeven-even 
ore 
an form either a left or right handed system. The laws of physi
s donot prefer either of the two possible systems, meaning that spin-
hiral symmetry is fun-damentally 
onserved. However, sele
tion of one handedness minimises the energy and
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tually, spin-
hirality is equivalent to spontaneoustime-reversal symmetry breaking sin
e the symmetry operation that reverses handednessis a 
ombination of π-rotation and time reversal. As stated in Ref. [2℄ observation ofhandedness through γ-radiation is not possible sin
e the eigenstates are symmetri
 orantisymmetri
 
ombinations of the left- and right- handed systems. These 
ombinationsform 
hiral doublets on whi
h two rotational bands � 
alled 
hiral partner bands � de-velop. In the �rst experimental study of nu
lear 
hirality only the 
hiral partner bandswere sear
hed for. It turned out that observation of the partner bands is not a su�
ientargument to 
on�rm the presen
e of 
hiral symmetry breaking and the measurement mustbe augmented by determination of the level lifetimes in the partner bands. DSA exper-iments [3, 4℄ revealed remarkable gamma-sele
tion rules in the 128,126Cs isotopes as thepresen
e of spe
i�
 B(M1) staggering 
on�rming spin-
hiral symmetry breaking. Here,the �rst DSA results for 124Cs are presented.

Figure 1: Entry-states population of 124Cs (left) and 
ross-se
tions (right) as a fun
tionof 14N beam energy bombarding a 114Cd target 
al
ulated using the COMPA 
ode.The 124Cs was produ
ed in the 114Cd(14N,4n)124Cs rea
tion at a beam energy of73 MeV. The 34 mg/
m2 thi
k 114Cd target, also played the role of the stopper. The
14N beam was provided by the U200P 
y
lotron. Fig. 1 shows the entry-states popula-tion of 124Cs produ
ed in the above rea
tion 
al
ulated using the COMPA 
ode [5℄. It isexpe
ted that levels 
lose to the yrast (and also to the side-band) are mostly populated
onsidering short feeding times. Cal
ulated 
ross-se
tions of di�erent rea
tion 
hannelsas a fun
tion of 14N beam energy are also presented in Fig. 1. The γ − γ 
oin
iden
eswere measured by the EAGLE array equipped with 12 ACS germanium spe
trometers ofaround 25% e�
ien
y ea
h.Fig. 2 shows the relevant part of the level s
heme as observed in our experimenttogether with preliminary lifetime data and an example of the Doppler disturbed peak.Level spin and parity assignments follow Ref. [6℄. The DSA analysis was performed withthe COMPA, GAMMA and SHAPE 
odes des
ribed in detail in Ref. [7℄. Fig. 3 presentsB(M1) transition probabilities in the yrast band . The presen
e of two rotational bands,with almost degenerate spin and parity levels indi
ates spontaneous breakdown of 
hiralsymmetry in 124Cs. Though we report here the B(M1) staggering only in the yrast band,it agrees with the 
hiral s
enario of 124Cs due to the possible o

urren
e of S-symmetry [8℄.A

ording to Ref. [8℄, S-symmetry may appear together with 
hiral symmetry breakingand indi
ates a γ ≈ 30◦ triaxial deformation.Bibliography[1℄ S. Frauendorf, J Meng, Nu
l. Phys. A617 (1997) 131
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Figure 2: Left: The relevant part of the level s
heme of 124Cs observed in the presentexperiment. Spin and parity assignments follow Ref. [6℄. Preliminary lifetimes are givenin itali
s under the spins of the 
orresponding levels. Right: Doppler broadened lineshapes of the 974 keV γ-transition registered by dete
tors pla
ed at 143◦ and at 47◦ withrespe
t to the beam dire
tion. Solid lines show a �t of the line-shape to the experimentaldata.
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Figure 3: B(M1) redu
ed transition probabilities in the yrast band of 124Cs.[2℄ E. Grodner, Int. J. Mod. Phys. E20 380 (2011)[3℄ E. Grodner et al., Phys. Rev. Lett. 97 (2006) 172501[4℄ E. Grodner et al., Phys. Lett. B703 (2011) 46[5℄ COMPA 
ode and and its do
umentation, http://www.sl
j.uw.edu.pl/
ompa[6℄ A. Gizon et al., Nu
l. Phys. A694 (2001) 63[7℄ E. Grodner et al., Eur. Phys. J. A27 (2006) 325[8℄ L. Pró
hniak, S.G. Rohozi«ski, Ch. Droste, K. Starosta, A
ta Phys. Pol. B42 (2011)465
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ay 
hains and photo�ssion investigation based on nu
learspe
tros
opy of a uranium sampleP. Sib
zy«ski1 , J. Kowna
ki1 ,2 , M. Kisieli«ski1 ,2 , K. Kosi«ski1 M. Kowal
zyk2 ,3 ,T. Abraham2 , J. Mierzejewski2 , J. Srebrny21) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Institute of Experimental Physi
s, University of Warsaw, Warszawa, PolandThe aim of the present investigation was to �nd the origin the γ rays whi
h o

ur inthe thorium, neptunium, uranium/radium, and uranium/a
tinium natural de
ay series,headed by 232Th, 237Np, 238U, and 235U, respe
tively. Measurements of su
h γ rays maygive information on the presen
e, lo
alisation and quantity of nu
lear �ssion materials andmay be used in se
urity related appli
ations. Detailed knowledge of all possible emitted
γ rays is thus essential, and an espe
ially interesting task is to identify 
hara
teristi
 highenergy and high intensity γ-ray lines.Many experimental and theoreti
al e�orts have been devoted to the study of radioa
-tive de
ay 
hains of heavy nu
lei (see e.g. [1℄). In the present work, relative yields of themembers of the main de
ay 
hains (4n, 4n+1, 4n+2 and 4n+3) of an uranium samplewere determined from intensities of γ rays feeding the ground states of the respe
tivenu
lei. Measurements were performed for a 100 g uranium sample. Single γ rays and
γγ 
oin
iden
es were registered with the use of the EAGLE array [2℄, 
onsisting of 15HPGe dete
tors, lo
ated at HIL. Two ampli�
ations of γ-ray energies were used, to allowmeasurements up to 2 and 4 MeV (see Fig. 1).Based on the γγ 
oin
iden
e measurements, the origin of most of the observed γ rayswas established. Important pra
ti
al information was obtained: in the γ-ray spe
trum ofan uranium sample, strong 2.614 MeV γ line is always seen, whi
h is the famous 3− → 0+transition from 208Pb, the �nal member of the 232Th de
ay 
hain (4n).Measurements of the γ rays emitted by uranium also made it possible [3℄ to determinethe enri
hment of the sample. The enri
hment 
an be expressed as a fun
tion of thea
tivity of 238U and 235U (the abundan
e of 234U is small 
ompared to the other uraniumisotopes). The e�
ien
y of HPGe dete
tors and the photon emission intensity for the
hosen transition (usually 185 keV from 235U) and 111 keV X rays (238U) has to be takeninto a

ount in order to determine the respe
tive a
tivity values. The a
tivity values were
omputed a

ording to the formula Λ = A/(tsǫ), where A is the net area of the peak
orresponding to a γ ray or X-ray emission of the nu
lide, t is the measurement time, s isthe photon emission intensity and ǫ stands for the dete
tion intensity of the full absorptionpeak 
onsidered. Our estimate gave the 235U enri
hment of our uranium sample (100 guranium rod of 0.8 
m diameter and 10 
m length) equal to 89± 10%.In another experiment the same uranium sample was irradiated with 15 MeV pho-tons (bremsstrahlung radiation) from the Siemens Mevatron linear a

elerator lo
atedin NCBJ at �wierk, indu
ing photo-�ssion. Single γ-ray spe
tra were 
olle
ted after10 minutes of irradiation and 30 minutes of 
ooling time, and were 
ontinued for 24hours. Ea
h measurement lasted 10 minutes and the next one was automati
ally startedafter a 10 se
onds break. As a result, several de
ays of �ssion fragments were identi-�ed, with the most prominent γ rays due to heavy fragments 138Xe →

138 Cs (T1/2 =
14 min., Eγ = 258, 396, 434, 1768, 2015 keV) and 138Cs →

138 Ba (T1/2 = 33 min., Eγ =
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Figure 1: Example of γγ e�
ien
y 
orre
ted 
oin
iden
e spe
trum of 100 g Uraniumsample, measured with 15 HPGe dete
tors.
462, 546, 1009, 1435, 2218, 2693 keV), as well as light fragment de
ay 89Rb →

89 Sr(T1/2 =
15 min, Eγ = 657, 947, 1031, 1248, 2570, 2707, 2196 keV). We 
on
lude that even after ashort irradiation of a given sample with 15 MeV photons, one 
an easily re
ognise theorigin of the observed γ rays, as
ribing them to �ssionable material. Espe
ially importantis the observation of the high energy lines whi
h 
an penetrate thi
k shields.Bibliography[1℄ Uranium and Thorium de
ay 
hains http://hepwww.rl.a
.uk/ukdm
/radioa
tivity/uth_
hains.html[2℄ J. Mierzejewski et al., Nu
l. Inst. and Meth. A659 (2011) 84[3℄ A. Lu
a, Romanian Journal of Physi
s 53 (2008) 35



42 HIL Annual Report 2011B.5 Coulomb barrier height distribution of the 20Ne + 58,60,61NisystemsA. Trz
i«ska1 , W. Czarna
ki2 , P. De
owski3 , M. Kisieli«ski1 ,2 P. Ko
zo«4A. Kordyasz1 E. Kosh
hiy5 M. Kowal
zyk1 ,6 B. Lommel4 E. Piase
ki1 ,2 K. Rusek1 ,2I. Strojek2 A. Stolarz1 K. Zerva71) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland3) Smith College, Northampton, USA4) Gesells
haft für S
hwerionenfors
hung, Darmstadt, Germany5) Kharkiv National University, Kharkiv, Ukraine6) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland7) Department of Physi
s, University of Ioannina, Ioannina, Gree
eStudies of the fusion barrier height distribution were 
ontinued by the Barrier Collab-oration. A series of measurements for the 20Ne + 58,60,61Ni system were 
ompleted.A beam of 20Ne was delivered by the Warsaw Cy
lotron. We measured quasi-elasti
ba
kward s
attering using the CUDAC 
hamber equipped with 30 PIN diodes of 1x1 
m2surfa
e pla
ed at 130, 140 and 150 degrees with respe
t to the beam axis. Two PINdiodes pla
ed at 35 degrees measured the �Rutherford� s
attering. Ni targets of about100 µg/
m2 thi
kness were prepared from isotopi
ally separated materials.The barrier distribution Dqe was obtained as the �rst derivative of the quasi-elasti
ex
itation fun
tion σqe divided by the Rutherford 
ross se
tion [1�3℄ for the systems understudy. The results are shown in Figure 1.A

ording to Coupled Channel 
al
ulations, taking into a

ount 
olle
tive e�e
ts only,the shape of all three distributions should be virtually the same. We observe that for
58Ni, where the level density is low, the barrier distribution is stru
tured, whereas for
61Ni, where the level density is higher, the stru
ture at 37 MeV is smoothed out. It seemsthat smoothing is 
aused by non-
olle
tive ex
itations of the target nu
lei.The results were reported during the Fusion11 
onferen
e [4℄Bibliography[1℄ H. Timmers et al., Nu
l. Phys. A584 (1995) 190[2℄ K. Hagino and N. Rowley, Phys. Rev. C69 (2004) 054610[3℄ L. F. Canto et al., Phys. Rep. 424 (2006) 1 .[4℄ A. Trz
i«ska et al., Eur. Phys. J. Web of Conferen
es 17 (2011) 05006
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Figure 1: Barrier height distributions for the 20Ne+58,60,61Ni systems.



44 HIL Annual Report 2011B.6 Transfer probabilities in the 20Ne + 58,60,61Ni systemsA. Trz
i«ska1 , A. Amar2 , W. Czarna
ki3 , M. Kisieli«ski1 ,3 , S. Kli
zewski4 ,P. Ko
zo«5 , M. Kowal
zyk1 ,6 , B. Lommel5 , M. Mutterer7 , M. Pala
z1 , E. Piase
ki1 ,3 ,R. Siudak4 , I. Strojek3 , A. Stolarz2 , G. Tiourin8 , W. Trzaska81) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Kazakh National University, Almaty, Kazakhstan3) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland4) The H. Niewodni
za«ski Institute of Nu
lear Physi
s PAN, Kraków, Poland5) Gesells
haft für S
hwerionenfors
hung, Darmstadt, Germany6) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland7) IKP, Te
hni
al University Darmstadt, Darmstadt, Germany8) Department of Physi
s, University of Jyväskylä, FinlandAn experiment 
ompleting studies of the 20Ne + 58,60,61Ni systems at near barrierenergies was performed.We have shown that non-
olle
tive ex
itations 
an 
hange the shape of the barrierheight distribution (see Ref. [1℄). Comparison of di�erential transfer 
ross se
tions at nearbarrier energy for these systems was the subje
t of re
ent experiments. The measurementswere performed at HIL using the multi-dete
tor system ICARE. The ToF (Time of Flight)te
hnique was used to identify the masses of ba
ks
attered ions. The �start� signal wasgiven by a MCP (Mi
ro
hannel Plate) dete
tor. The �stop� signal was triggered by any ofthe four 20x20 mm Si dete
tors pla
ed at a laboratory angle of 142◦ with respe
t to thebeam. These dete
tors measured the energy of the rea
tion produ
ts. The base length ofthe ToF system was 82 
m.Figure 1 shows examples of spe
tra 
olle
ted for 58Ni and 61Ni. The quasielasti
allys
attered 20Ne ions dominate the spe
tra, α transfer probability is 2% for both Ni isotopes.In the 
ase of 61Ni we also observe produ
ts of 3 nu
leon stripping (A=17) and 1 nu
leonpi
k-up (A=21).The data analysis is in progress. Preliminary results show that the transfer probabil-ities for 58Ni,60Ni and 61Ni do not di�er signi�
antly.

Figure 1: Mass identi�
ation of the 20Ne + 58Ni rea
tion (left panel) and 20Ne + 61Ni atnear barrier energies.Bibliography[1℄ A. Trz
i«ska et al., this Report, page 42
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itation of 42Ca. The possibility of a sub-barriertransfer rea
tionK. Hady«ska-Kl�ek1 ,2 , P.J. Napiorkowski2 , F. Azaiez3 , A. Maj4 , J.J. Valiente-Dobón5on behalf of the AGATA and EAGLE 
ollaborations1) Institute of Experimental Physi
s, University of Warsaw, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Institut de Physique Nu
léaire, Orsay, Fran
e4) The H. Niewodni
za«ski Institute of Nu
lear Physi
s PAN, Kraków, Poland5) INFN, Laboratori Nationali di Legnaro, Legnaro, ItalyA Coulomb ex
itation experiment to study the ele
tromagneti
 properties of low-lyingstates in 42Ca with a fo
us on a presumably super-deformed band was performed at theLaboratori Nazionali di Legnaro in Italy in 2010 using the γ-ray spe
trometer AGATADemonstrator 
oupled to the DANTE position sensitive 
harged parti
le dete
tor array.First results were presented in [1℄.In order to resolve the existing ambiguities 
on
erning the deformation of the presum-ably super-deformed band, a Coulomb ex
itation measurement was performed to extra
tthe B(E2) values in 42Ca. The experiment took pla
e in February 2010 at the LaboratoriNazionali di Legnaro. For this measurement, the γ-ray spe
trometer AGATA Demonstra-tor [2℄ 
oupled to the 
harged parti
le dete
tion set-up DANTE [3℄ was used for the �rsttime ( [4℄).Transitions de-ex
iting the highly deformed band were observed, as well as γ raysdepopulating low-lying states in the yrast band. In both the ground state band andthe highly deformed band it was possible to Coulomb ex
ite levels of spin up to 4+ (theleft-hand panel of Fig. 1).Doppler 
orre
tion was performed based on the information on parti
le s
atteringangle provided by the MCP dete
tors. In addition to the γ lines 
oming from knownlow energy states in 42Ca, γ rays depopulating the Coulomb ex
ited states of the leadtarget are visible. These lines were signi�
antly broadened sin
e the Doppler 
orre
tionwas performed for the s
attered 42Ca proje
tile.Unexpe
tedly, two unknown γ lines were observed in the spe
trum at energies of2048 and 376 keV. Parti
ularly strong and 
learly visible was the 2048 keV transition.The widths of these γ rays indi
ate that they 
ould be emitted from the s
attered 42Caproje
tile.There are several options, whi
h were taken into 
onsideration regarding the origin ofthese γ lines.Cal
ulations of various transition probabilities performed using the GOSIA 
ode [5℄ex
luded the attribution of the 2048 keV line to the known level s
heme of 42Ca. Obser-vation of the 376 keV γ line, however, supported the s
enario that both 376 and 2048 keVtransitions 
ould be related to a new state lo
ated at 2048 keV in 42Ca and populated inthe Coulomb ex
itation experiment. In su
h a 
ase, the 2048 keV γ ray would just de-ex
ite this new level while the 376 keV γ-transition would be a bran
h from the 2424 keVlevel.A dedi
ated fusion-evaporation experiment aiming at the determination of the low spinlevel s
heme in 42Ca was performed at the Heavy Ion Laboratory, University of Warsaw,using the EAGLE-II spe
trometer in the 
on�guration with 16 HPGe dete
tors in anti-
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k 12Ctarget.Analysis of both experiments is in progress. The possibility of a sub-barrier neutrontransfer rea
tion o

urring together with Coulomb ex
itation of 42Ca should be taken into
onsideration. To prove this s
enario, analysis of the angular distributions of γ rays relatedto s
attered 42Ca proje
tiles was performed. The angular range of the DANTE dete
torwas divided into three bins: 110◦�118◦, 119◦�126◦, 127◦�136◦ (laboratory frame). Angulardistributions of the yields for the 1525 keV and 2048 keV transitions were 
omparedwith the results of 
al
ulations performed using the GOSIA 
ode based on the COULEXformalism. In the �rst approa
h, the assumption was made that the 2048 keV line is anE2 transition that de-ex
ites a 2+ state at 2048 keV energy.

Figure 1: The level s
heme of 42Ca showing transitions observed in the Coulomb ex
itationexperiment (left). The 
omparison of experimental yields with 
ross-se
tions 
al
ulatedusing the GOSIA and FRESCO 
odes (right).The GOSIA 
ode gives absolute 
ross-se
tion values. Sin
e diagonal and transitionalmatrix elements are well known for the 1525 keV state, and the 1524 keV γ transition [6℄,the normalisation 
oe�
ient was determined and the measured 1525 keV transition yieldwas s
aled to the 
al
ulated 
ross se
tion. Subsequently, the same normalisation fa
torwas used to res
ale the observed yield of the 2048 keV transition to the absolute s
ale.In the meantime it was noti
ed that a transition with an energy of 2048 keV is presentin the de
ay s
heme of 43Ca and de-ex
ites the p3/2 state of single parti
le 
hara
ter. Eventhough it seemed that the probability of ex
iting this state in the studied rea
tion (belowthe Coulomb barrier) was negligible, 
al
ulation of the one neutron transfer probabilitywas performed.The rea
tion 
ross se
tion leading to this state in 43Ca was 
al
ulated using theFRESCO 
ode [7℄ and 
ompared with the 
ross-se
tion obtained from the Coulomb ex
i-



HIL Annual Report 2011 47tation formalism and experimental yields (the right panel of Fig. 1).It turns out that the observed intensity of the 2048 keV transition 
an also be explainedin the frame of one neutron sub-barrier transfer theory. In this parti
ular 
ase, it mightalso indi
ate that both Coulomb and nu
lear for
es 
ontribute to the ex
itation pro
ess inthe rea
tion investigated. The in�uen
e of neutron transfer on the observed γ-ray yieldswill be the subje
t of further 
areful analysis.Bibliography[1℄ K. Hady«ska-Kl�ek et al., A
ta Phys. Pol. B42 (2011) 817[2℄ J. Simpson, J. Nyberg, W. Korten (Eds.), AGATA Te
hni
al Design Report, InternalReport (2008), http://www-win.gsi.de/agata/publi
ations.htm[3℄ J.J. Valiente-Dobón et al., A
ta Phys. Pol. B37 (2006) 225[4℄ K. Hady«ska-Kl�k et al. HIL Annual Report 2010, page 61[5℄ T. Czosnyka et al., Bull. Amer. Phys. So
. 28 (1983) 745http://www.sl
j.uw.edu.pl/gosia[6℄ C.W. Towsley et al., Nu
l. Phys. A204 (1973) 574[7℄ K. Rusek, private 
ommuni
ation
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 s
attering of 20Ne+28Si at near barrier energiesO. Sgouros1 , V. Soukeras1 , A. Pakou1 , I. Strojek2 , A. Trz
i«ska3 , N. Alamanos4 ,N. Keeley2 , M. Mazzo

o5 , N. Patronis1 , E. Piase
ki3 , K. Rusek3 , E. Stiliaris6 ,K. Zerva11) Department of Physi
s and HINP, University of Ioannina, Ioannina, Gree
e2) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland3) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland4) IRFU/SPhN, CEA Sa
lay, Gif-sur-Yvette, Fran
e5) INFN Sezione di Padova, Padova, Italy6) Institute of A

elerating Systems and Appli
ations and Department of Physi
s, University ofAthens, Gree
eElasti
 s
attering angular distributions were measured for the rea
tion 20Ne+28Si atnear barrier energies (Ebeam = 43 ,53 and 73 MeV). The results were analysed in the
oupled 
hannel framework. It was found that elasti
 transfer is a fundamental me
ha-nism to des
ribe these data. More elaborate 
al
ulations are in progress as well as thesimultaneous analysis of transfer data.Introdu
tionThe elasti
 s
attering of light systems with a 
luster stru
ture 
ontinues to attra
t atten-tion, as the pronoun
ed os
illatory patterns together with a 
ross se
tion rise at ba
kwardangles, present a 
hallenge to di�erent models of the underlying me
hanism. Many di�er-ent interpretations have been o�ered in re
ent years and are presented in a 
omprehensiveway in [1℄. However, the la
k of a general simultaneous des
ription of su
h data leavesthe subje
t open. The target mass dependen
e of the elasti
 s
attering 
ross se
tion hasbeen studied via ex
itations fun
tions at θc.m.=180◦ for the systems 16O+28Si, 16O+40Ca,
16O+58Ni [2℄. An interesting aspe
t was underlined in these measurements. While for thelighter targets a 
ommon os
illatory stru
ture o

urs, no os
illation pattern is observedfor the heavier target but a rather fast fall o�. A question then 
an be raised relativelyto the proje
tile dependen
e.In this 
ontext, we present a study of the elasti
 s
attering for the system 20Ne+28Siat near barrier energies ( ∼ 1.2 to 2 VC.b.). Previous studies on 16O+28Si underline astrong os
illatory stru
ture with ba
kward rise of the 
ross se
tion. Studies on 12C+28Sihave been performed at sub-barrier energies, while those at near barrier energies do notextend to large enough ba
kward angles to draw �rm 
on
lusions. It will be interestingto see the behaviour of elasti
 
ross se
tions by utilising a heavier proje
tile su
h as 20Neas well as to identify the type of me
hanism in 
ase that the os
illatory patterns and the
ross se
tion rise is present.Experimental details and theoreti
al analysisA 20Ne beam with an intensity of a few ele
tri
al nA, delivered by the Warsaw Cy
lotron,bombarded a 200 µg/
m2 28Si target set mainly perpendi
ular or for some angles tiltedby 30◦ degrees to the beam dire
tion. Three teles
opes positioned 9 
m from the targeton the two platforms of the ICARE target 
hamber were used to 
olle
t the elasti
allys
attered neon nu
lei, well dis
riminated from other rea
tion produ
ts via the 
onventional
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Figure 1: Elasti
 s
attering data for 20Ne+28Si at three bombarding energies : 72.3, 53.4and 43 MeV are 
ompared with 
oupled 
hannel 
al
ulations.
∆E-E te
hnique. The platforms were rotated, one in the angular range θlab=25◦ to 85◦,and the other in θlab=40◦ to θlab=65◦. Two single sili
on dete
tors were positioned at�xed angles of ± 20◦, 25.9 
m from the target, for normalisation purposes. Experimentalresults are presented in Figure 1 and are 
ompared with 
oupled 
hannel 
al
ulationsperformed with the 
ode Fres
o. For the 
al
ulation, the 
entral potential was taken inthe standard form, V = (1 + 0.5i)VDF , where VDF is a double folded potential. The
al
ulation in
luded 
ouplings to the 2+ ex
ited states in 20Ne and 28Si, assuming themto be 
onventional rotational states, and also elasti
 transfer of a 8Be 
luster between allthe possible 
ombinations of states with the spe
tros
opi
 fa
tor for 28Si = 20Ne + 8Betaken as 1.0.Con
lusionsFrom the 
omparison of the data with the theory it is noted that at ba
kward angles theanomalous in
rease of the 
ross se
tions persists even with a heavy proje
tile like 20Ne.The os
illatory patterns disappear however as we pro
eed to higher energies. As a �rstobservation, we 
an 
on
lude that this behaviour 
an be des
ribed in a �rst approximationby the elasti
 transfer of 8Be from the target to the proje
tile in a

ordan
e with previous�ndings [3℄ for di�erent systems. More elaborate 
al
ulations and the analysis of transfer
hannels are in progress and should give a better understanding of the subje
t, whileexperimental data at more ba
kward angles are ne
essary to interpret fully the proposeds
enario. New measurements in inverse kinemati
s are planned in that dire
tion.Bibliography[1℄ P. Braun-Munzinger and J. Barrette,Phys. Rep. 87(1982) 209.[2℄ D.G. Kovar et al. Phys. Rev. C20 (1979) 1305.[3℄ A.Lépine-Szily, M.S. Hussein, R. Li
htenthäler, J. Cseh and G. Lévai, Phys. Rev.Lett. 82 (1999) 3972.



50 HIL Annual Report 2011B.9 Comparison of the 7Li(18O, 17N)8Be and 18O(d, 3He)17N rea
tionsA.T. Rud
hik1 , Yu.M. Stepanenko1 , K.W. Kemper2 , A.A. Rud
hik1 ,O.A. Ponkratenko1 , E.I. Kosh
hy3 , S. Kli
zewski4 , K. Rusek5 ,6 , A. Budzanowski4 ,S.Yu. Mezhevy
h1 , I. Skwir
zy«ska4 , R. Siudak4 , B. Cze
h4 , A. Sz
zurek4 , J. Choi«ski6 ,L. Gªowa
ka71) Institute for Nu
lear Resear
h, Kiev, Ukraine2) Physi
s Department, Florida State University, Tallahassee, USA3) Kharkiv National University, Kharkiv, Ukraine4) The H. Niewodni
za«ski Institute of Nu
lear Physi
s PAN, Kraków, Poland5) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland6) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland7) Institute of Applied Physi
s, Military University of Te
hnology, Warszawa, PolandNew angular distributions for the 7Li(18O, 17N)8Be rea
tion at an 18O energy of
Elab(

18O) = 114 MeV, for the ground states of 8Be and 17N, as well as for the ex
itedstates of 17N, were measured. These data and the 18O(d, 3He)17N rea
tion data taken at
E(d) = 52 MeV were analysed within the 
oupled-rea
tion-
hannels method using 7Li +
18O and 18O + d opti
al potentials dedu
ed from previous elasti
 and inelasti
 s
atteringresults. Shell-model spe
tros
opi
 amplitudes were used in the analysis. Both rea
tionsare dominated by the single proton transfer. Cal
ulations show that heavy-ion rea
tions ofthe type studied in this work 
an be used to identify �nal-state spins, when measurementsare extended to small angles [1℄.

Figure 1: Angular distribution of the 7Li(18O, 17N)8Be rea
tion at Elab(
18O) = 114 MeV.Left panel: distributions for the transition to the ground states of 8Be and 17N, the
urves show the CRC 
al
ulations for di�erent transfers. Right panel: distributions fortransitions to the 1.374 MeV, 1.85 MeV + 1.907 MeV, and 2.526 MeV states of 17N, the
urves show the CRC 
al
ulations for proton transfers.Bibliography[1℄ A.T. Rud
hik, Yu.M. Stepanenko, K.W. Kemper et al., Phys. Rev. C83 (2011)024606.
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lear pro
esses in the intera
tions of 15N ions with 6,7Li,
10B and 12CA.T. Rud
hik1 , K. Rusek2 ,3 , S. Kli
zewski4 , E.I. Kosh
hy5 ,6 , E. Piase
ki2 ,3 ,A. Trz
i«ska3 , A. Strojek2 , J. Choi«ski3 , B. Cze
h4 , V.M. Pirnak1 , A.A. Rud
hik1 ,A. Stolarz31) Institute for Nu
lear Resear
h, Kiev, Ukraine2) The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, Poland3) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland4) The H. Niewodni
za«ski Institute of Nu
lear Physi
s PAN, Kraków, Poland5) Kharkiv National University, Kharkiv, Ukraine6) Physi
s Department, Florida State University, Tallahassee, USAAngular distributions for the 6,7Li, 10B, 12C(15N, X) rea
tion were measured by bom-barding self-supporting 900 and 450 µg/
m2 foils of natural Lithium (7Li abundan
e92.5%) and Carbon (12C � 98.90%) with a 15N beam. The beam energy was 81.2 MeV,and the beam energy spread was about 0.5%. Eighty per
ent enri
hed self-supportingfoils of 900 and 960 µg/
m2 were used as targets for 6Li and 10B, respe
tively. The ex-periment was performed at the Warsaw University C-200P 
y
lotron using the ICAREexperimental set-up. The rea
tion produ
ts were dete
ted by ∆E−E Si teles
opes. Fig. 1shows a typi
al ∆E(E) spe
trum for the 12C(15N, X) rea
tion produ
ts, with Z = 3−−8identi�ed.

Figure 1: Typi
al ∆E(E) spe
trum from the 12C(15N, X) rea
tions at a 15N beam energyof 81.2 MeV.
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tion at the Warsaw Cy
lotronJ. Choi«ski1 , A. Jakubowski1 , J. Jastrz�bski1 , B. Paprzy
ki1 , A. Pietrzak1 ,R. Ta«
zyk1 , A. Stolarz1 , D. Sz
zepaniak1 , A. Trz
i«ska1 , J. Chudyka2 , K. Tworek2 ,W. Zipper2 , B. Petelenz3 , B. W¡s3 , A. Bilewi
z4 , M. �y
zko41) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Physi
s, University of Silesia, Katowi
e, Poland3) The H. Niewodni
za«ski Institute of Nu
lear Physi
s PAN, Kraków, Poland4) Institute of Nu
lear Chemistry and Te
hnology, Warszawa, PolandThe labelling of biomole
ules with 211At was studied for many years at the Institute ofNu
lear Chemistry and Te
hnology (INCT) in 
ollaboration with Duke University Medi
alCentre at Durham (NC) [1℄. For the investigations performed in Poland the 211At isotopewas produ
ed using the 4He parti
le beam from the AIC-144 
y
lotron at the Instituteof Nu
lear Physi
s in Kraków (IFJ) [2℄. However, in re
ent years this 
y
lotron has beenadapted for parti
le therapy of eye tumours and its radioisotope produ
tion programmewas stopped. Therefore, having as obje
tive the 
ontinuation of the 211At labelling studiesat INCT, we extended the spe
trum of beams available at the Warsaw heavy ion 
y
lotron,and 4He+ ions were a

elerated.The �rst irradiation experiments were performed using a 31.0 MeV 4He+ beam fromthe home-made ECR ion sour
e. The ions impinged on an internal Bi target �xed to awater-
ooled holder, painted bla
k. The targets were prepared by dire
t melting of the Bimaterial onto aluminium ba
king. The ba
king with Bi grains spread over the target spotwas heated on a hot plate and Bi, when melted, was evenly distributed over the spot withthe help of a graphite �spatula� (see Fig. 1). The Bi target, 0.3 mm thi
k, �xed tightlyto its holder (to assure good thermal 
onta
t) was wrapped with a 0.017 mm Al foil.The 4He+ beam intensity was between 200 and 300 pnA, as measured by the beamintensity monitor and veri�ed by the radioa
tivity indu
ed in a Cu target under the same
onditions. The γ-ray energies and intensities were determined using standard γ-rayspe
trometry methods.Till now four series of Bi irradiations have been performed � ea
h series 
onsisting ofup to four full-night irradiations. The irradiated Bi samples were transported to INCT,where the 211At was extra
ted and labelling pro
esses studied. In the near future these
ond, 
ommer
ial ECR ion sour
e will be employed for the more e�
ient produ
tion of
4He+ ions, and a new, better 
ooled, internal target assembly will be designed.The measured and evaluated γ-ray spe
tra (see Fig. 2) of the irradiated Bi targets andnatCu monitors were used as a basis of the M.S
. degree theses of Justyna Chudyka andKatarzyna Tworek. These data were also presented in Ref. [3℄Bibliography[1℄ M. Pruszy«ski et al. Bio
onjugate Chem. 19 (2008) 958[2℄ M. Pruszy«ski et al. J. Radioanal. Nu
l. Chem. 268 (2006) 91[3℄ J. Choi«ski et al. 7th Symposium on Targeted Alpha Therapy, Berlin, July 2011
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Figure 1: Produ
tion of the Bi target.

Figure 2: Gamma rays emitted from the 209Bi target shortly after irradiation with the30 MeV 4He beam.
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 nitrogen produ
tion by ammonia nitrate de
ompo-sitionA. Stolarz1 , S. Kli
zewski21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) The H. Niewodni
za«ski Institute of Nu
lear Physi
s PAN, Kraków, PolandThe 15N isotope in gaseous form was produ
ed at the target laboratory of HIL. Thiswas needed to provide beams of nitrogen ions to study the 6,7Li(15N,X) and 12C(15N,X)transfer rea
tions. Beams of 15N+3 
an be obtained with the HIL 
y
lotron ion-sour
estarting with gaseous nitrogen 
ompounds or with pure nitrogen.The 15N isotope was available in the form of ammonium nitrate NH15

4 NO3. A

ordingto the 
ommon information, simple thermal de
omposition 
arried out at 170�200 ◦C, ifperformed with 
areful heating, should result in with nitrous oxide:
NH4NO3 → N2O+ 2H2ORapid heating should be avoided as the de
omposition pro
ess may be explosive:

2NH4NO3 → 4H2O+ 2N2 +O2However, a

ording to Berthold [2℄, the ammonium nitrate de
omposition pro
ess ismu
h more 
omplex. When ammonium nitrate is heated to a temperature higher thanits melting point (170 ◦C) the following series of rea
tions o

ur:
NH4NO3 ↔ NH3 +HNO3 (starting at 170◦C)
NH4NO3 → N2O+ 2H2O (at about 200◦C)
NH4NO3 → 2N2 + O2 + 4H2O (above 300◦C)A few other rea
tions are also possible when the pro
edure is 
arried out at temperaturesabove 300 ◦C.Although it is often advised to avoid rapid heating due to the danger of explosion,taking into a

ount the �rst rea
tion listed by Berthold, a temperature 
lose to 200 ◦Cmust be a
hieved in a short time, to avoid the de
omposition of the nitrate to ammoniaand nitri
 a
id as signi�
ant 
ontributions to the �nal produ
t.In the pro
ess 
arried out in our laboratory, a vessel with ammonium nitrate washeated in a sand-bath to ensure even distribution of the heat. Initially, the vessel waspla
ed 
lose to the surfa
e of the sand and remained in this position until the sand rea
heda temperature above 250 ◦C. Then the vessel was immersed in the sand while heating ofthe sand-bath 
ontinued to 270�300 ◦C. Figure 1 shows the produ
tion setup 
omposedof the sand-bath, the vessel with NH415NO3, the water steam trap �lled with CaCl2, apressure sensor and a gas-bottle (1.5 l volume).Bibliography[1℄ M. Berthold, Sur la for
e de la poudre et des matièrs explosives, Paris, Gauthier-Villars, 1872
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Figure 1: N-15 produ
tion set up.



56 HIL Annual Report 2011B.13 A Te-122 target for 134Nd produ
tion in rea
tion with an
16O beamA. Stolarz1 , J. Samoryj
zyk2 , J. Perkowski2 , J. Andrzejewski2 , �. Janiak2 , J. Skubalski21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Fa
ulty of Physi
s and Applied Computer S
ien
e, University of Lodz, �ód¹, PolandA 122Te target, needed for studies of K-sele
tion rule violation in N=74 nu
lei [1℄, wasprepared at the HIL target laboratory. One of the nu
lei of interest in these investigations,

134Nd, may be produ
ed in the rea
tion of 122Te with 16O ions delivered by the HIL
y
lotron: 16O + 122Te →
138Nd∗ →

134Nd+4n. The best results are expe
ted with a
122Te target of 3 mg/
m2 thi
kness. Su
h a target thi
kness is a 
ompromise betweenthe energy loss of the ele
trons in the target material at the interesting energy range(300�1000 keV) and the produ
tion rate of the required nu
lei.Preparation of the targetPreparation of a self-supporting tellurium target of the required thi
kness is not fea-sible be
ause of its properties. Due to the high brittleness of tellurium [2℄, the rollingte
hnique, very useful for preparation of metalli
 targets in this thi
kness range, 
an notbe applied. It was thus de
ided to prepare the target by deposition on a ba
king. Amongthe few materials 
onsidered as ba
king, Au seemed to be the best 
hoi
e, assuring goodme
hani
al properties and stability of the Te layer in-beam [3℄. The thi
kness of the Auba
king, 1.3 µm (2.5 mg/
m2), was 
hosen to stop the produ
ts of the rea
tion. Thefoil was prepared in-house by rolling the gold material between stainless steel sheets. Thetarget material was deposited by the pro
edure of evaporation-
ondensation in a high va
-uum. To save the expensive isotopi
 target material the deposition was performed withthe vapour sour
e pla
ed at a short distan
e from the ba
king. To enhan
e the vapour
ondensation e�
ien
y, the ba
king was mounted on a water-
ooled 
opper blo
k. Detailsof the pro
edure are des
ribed in Ref. [4℄. The target produ
ed in this way had a spot of14 mm in diameter (Fig. 1).

Figure 1: The 122Te target on gold foil ba
king mounted on the target holder.Determination of the target thi
knessThe layer deposited from a vapour sour
e pla
ed at a short distan
e builds up ina kind of stala
tite shape. The distribution of the thi
kness of the target spot layer
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les emitted by the triple sour
e(241Am+239Pu+244Cm). The 
on�guration of the set-up used for the α-parti
le energymeasurement is presented in Fig. 2.The average thi
kness of the tellurium spot determined by measurement of the α-parti
le energy loss a
ross the target spot was estimated to be 2.7 ± 0.5 mg/
m2, whilethe value obtained by the measurement of the energy attenuation of the ele
trons from aninternal 
onversion ele
tron sour
e (133Ba) was 2.27± 0.15 mg/
m2. The thi
kness inho-mogeneity 
al
ulated as a ratio of the di�eren
e between the highest and lowest measuredthi
kness values versus the mean value amounted to 32%. The thi
kness distribution ofthe 122Te deposit is presented in Fig. 2.

Figure 2: Right: set-up used for the determination of the energy loss of α parti
les. Left:the thi
kness distribution of 122Te in the target.The target was exposed to a beam of 16O ions with an energy of 80 MeV and intensity of10 pnA for two days. After this test experiment the tellurium deposit was investigated andits thi
kness was measured by the method des
ribed above. Neither peeling of the materialnor 
hanges in its thi
kness were noti
ed, proving the target stability under the beam.Thus, it may be 
on
luded that the 
hosen �e
onomi
al method� of Te target preparationresulted in a target suitable for the planned studies, having, however, a relatively highthi
kness inhomogeneity.This proje
t was supported by the grant of the Polish Ministry of S
ien
e and HighEdu
ation (N N202 181638).Bibliography[1℄ J. Perkowski et al., this Report, page 33[2℄ A. Meens, INTDS Newsletter 7-1 (1980) 11[3℄ J.P. Greene, G.E. Thomas, Nu
l. Inst. and Meth. A282 (1989) 71.[4℄ G. Sletten, G.B. Hagemann, Nu
l. Inst. and Meth. A236 (1985) 647[5℄ J. Samoraj
zyk, A. Stolarz, J. Andrzejewski, L. Janiak J. Perkowski, J. SkubalskiA
ta Phys. Pol. 43 (2012) 325
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al temperature stabilisation of a target heated by plasmain the MWCVD pro
essA.J. Kordyasz1 , A. Bednarek1 , A. Zaborowska21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physi
s, University of Warsaw, Warszawa, PolandThe optimum temperature of 
reation of diamond by Mi
rowave Chemi
al Vapour De-position (MWCVD) is about 1073 K. The target for diamond layer deposition is heated byplasma in our MWCVD rea
tor [1,2℄. Target temperature is determined by investigationof the 
hara
teristi
 frequen
y distribution of light emitted from the target. The temper-ature stabilisation is performed by the registration of light emitted from a sele
ted targetarea (see Fig. 1), using a WEB 
amera atta
hed to a PC 
omputer, and an automati
regulation system 
ontrolling the 2.45 GHz mi
rowave power generated by the magnetronof the MWCVD rea
tor. This method is very e�
ient, sin
e an in
rease of the targettemperature of about 1% 
reates an in
rease of the light power emission of about 4%,a

ording to the Stefan-Boltzmann law.The idea of the temperature 
ontrolling regulation system is as follows. The de
rease(in
rease) of mi
rowave power is obtained by de
rease (in
rease) of the magnetron 50 HzAC power supply. This was performed by a system of indu
tan
es 
onne
ted in serieswith the magnetron AC power supply and 50 Hz AC voltage sour
e. The values of theindu
tan
es are proportional to 2n, where n denotes the number of bits (from 0 to 7).The 
ombination of indu
tan
es 
onne
ted in series is sele
ted by a 
omputer 
ode toin
rease or de
rease the mi
rowave power. The total available indu
tan
es 
onne
ted inseries with the magnetron are proportional to the natural numbers sele
ted from 0 to 255.In our pra
ti
al appli
ations we used 7 bits only, whi
h gives the possibility to adjust themagnetron a
 power supply with an a

ura
y of about 0.2V.Bibliography[1℄ A.J. Kordyasz et al., HIL Annual Report2007, page 47[2℄ A.J. Kordyasz et al., HIL Annual Report2008, page 40
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Figure 1: Pi
ture registered by the WEB 
amera of the target heated to red 
olour byplasma during the Mi
rowave Chemi
al Vapour Deposition pro
ess. The average value oflight registered by pixels within the white re
tangular frame is used for the temperaturestabilisation of the target.
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 Polarisation PotentialK. RusekHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandWe propose a parametrisation of the Dynami
 Polarisations Potential (DPP) thatwas derived from a mi
ros
opi
 
oupled-
hannel (CC) analysis of 6He + 208Pb elasti
s
attering [1℄. DPP a

ounts for the e�e
ts of real and virtual pro
esses that take pla
eduring s
attering. It 
onsists of real, VDPP , and imaginary, WDPP , terms. The real termis repulsive at the nu
lear surfa
e and has a long-range attra
tive tail that a

ounts forthe virtual Coulomb 
ouplings with states from the 6He 
ontinuum.Both 
omponents of the DPP 
an be parametrised at proje
tile-target separationslarger than 10 fm with a sum of the standard Woods-Saxon (WS) and WS-derivativeformfa
tors:
DPPreal = V1g(R) + a2V2

df(R)

dR

DPPimag = W1g(R) + a2W2

df(R)

dR
(1)where

g(R) = [1 +
exp(R −R0)

a1
]−1

f(R) = [1 +
exp(R −R0)

a2
]−1 (2)with the parameters listed in Table C.1.If the DPP is 
orre
tly parametrised, the opti
al model (OM) results with su
h ane�e
tive intera
tion should reprodu
e the original CC 
al
ulations. In Fig. 1 a 
omparisonof the experimental data with the exa
t CC 
al
ulations is shown (solid 
urve). The simpleOM 
al
ulation with the parametrised DPP gives results that are very 
lose to the CC(dotted 
urve).

DPPreal V1 V2 R0 a1 a2
MeV MeV fm fm fm
−0.265 −8.50 10.3 6.00 0.80

DPPimag W1 W2 R0 a1 a2
MeV MeV fm fm fm
−0.42 −6.50 9.9 3.00 0.50Bibliography[1℄ K. Rusek, Eur. Phys. J. A41 (2009) 399[2℄ L. A
osta et al., Phys. Rev. C84 (2011) 044604
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Figure 1: Comparison of the mi
ros
opi
 CC 
al
ulations (solid 
urve) with the simple OM
al
ulations in
luding the DPP in the parametrised form (dotted 
urve). Experimentaldata are from Ref. [2℄.



HIL Annual Report 2011 65C.2 Evaluation of a single dete
tor for the neutron multipli
ity�lter NEDAG. Jaworski1 ,2 ,3 , M. Pala
z2 , J. Nyberg4 , J. Agramunt Ros5 , G. de Angelis3 ,G. de Fran
e6 , A. Di Nitto7 , J. Egea8 ,5 , M.N. Erduran9 , S. Ertürk10 , E. Farnea11 ,A. Gadea5 , V. González8 , A. Gottardo12 , T. Hüyük5 , J. Kowna
ki2 , A. Pipidis3 ,B. Roeder13 , P.-A. Söderström4 ,14 , E. San
his8 , R. Tarnowski2 , A. Triossi3 ,J.J. Valiente Dobon3 , R. Wadsworth151) Fa
ulty of Physi
s, Warsaw University of Te
hnology, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) INFN, Laboratori Nationali di Legnaro, Legnaro, Italy4) Department of Physi
s and Astronomy, Uppsala University, Uppsala, Sweden5) Instituto de Físi
a Corpus
ular, Valen
ia, Spain6) GANIL, Caen, Fran
e7) INFN Sezione di Napoli, Napoli, Italy8) Department of Ele
troni
 Engineering, University of Valen
ia, Burjassot (Valen
ia), Spain9) Fa
. of Engineering and Natural S
ien
es, Istanbul Sabahattin Zaim Univ. Istanbul, Turkey10) Nigde Universitesi, Fen-Edebiyat Falkültesi, Fizik Bölümü, Nigde, Turkey12) Padova University, Padua, Italy13) Cy
lotron Institute, Texas A&M University, Collage Station, USA14) RIKEN Nishina Center, Wako-shi, Japan15) Department of Physi
s, University of York, York, UKThe NEutron Dete
tor Array (NEDA), 
urrently in its �nal design phase, will be
ome apowerful neutron multipli
ity �lter, operating at stable and radioa
tive beam fa
ilities, in
onjun
tion with state of the art γ-ray dete
tion arrays like AGATA [1℄, EXOGAM2 [2℄,GALILEO [3℄ or PARIS [4℄. In this report, we present in a 
on
ise form results of aMonte Carlo evaluation of the size of a NEDA single dete
tor and a 
omparison of twos
intillators 
onsidered for NEDA. See Ref. [5℄ for more details.Both single dete
tor size and type of s
intillator in�uen
e neutron dete
tion e�
ien
y,time resolution, probability that one neutron will generate a signal in more then onedete
tor, and neutron-gamma dis
rimination 
apabilities. For the type of s
intillator, inaddition to a proton-based one, BC501A (
hemi
al 
omposition C8H10) 
ommonly used inmany neutron dete
tion arrays, a deuterated s
intillator (BC537, C6D6) is also 
onsidered.It was indi
ated, e. g. in ref. [6℄, that the deuterated s
intillator may give signals whi
hare more 
orrelated with the energy of the in
oming neutron, 
ontrary to proton-basedmaterial. This is due to the anisotropi
 angular distribution of s
attering of neutronson deuterons. Su
h a property 
ould make it possible to distinguish a single neutrons
attering in more than one dete
tor from multiple neutrons dete
ted in the array.In the simulations, a needle beam of mono
hromati
 neutrons was shot into a s
intilla-tor 
ylinder with a 50 
m diameter and variable length. The e�
ien
y to dete
t a neutronwas analysed as a fun
tion of the dete
tor length and the neutron energy. The results areshown in Fig.1a. The neutron dete
tion probability as a fun
tion of the 
ylinder lengthrea
hes a maximum value of about 80 to 95%, at a 
ylinder length of 20 to about 40 
m,depending on the neutron energy and the type of s
intillator. A further in
rease of thedete
tor length does not lead to a signi�
ant in
rease of the dete
tion probability. Rea
h-ing an e�
ien
y of 100% is not possible, be
ause in some events neutrons lose energy inrea
tions whi
h do not produ
e enough light to ex
eed the threshold.Neutrons undergo intera
tions mainly along the axis of their in
oming dire
tion. As
attered neutron may, however, produ
e another intera
tion, far away from the initial
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Figure 1: (a) Neutron dete
tion e�
ien
y as a fun
tion of dete
tor length. (b) Setup usedin the evaluation of the probability that one neutron generates a signal in more than onedete
tor module. (
) Probability that a neutron shot onto the 
entre of the inner dete
torwill generate signals in both dete
tors.axis, often in another dete
tor module. In order to study the distribution of su
h se
ondintera
tions, a setup was evaluated 
onsisting of two 
oaxial dete
tors, an inner and anouter dete
tor, as shown in Fig. 1b. Su
h a setup is a good representation of a dete
tormodule surrounded by a number of other modules, with unimportant geometri
al detailsomitted.A needle beam of neutrons was shot onto the 
entre of the inner dete
tor. The prob-ability that one neutron will be dete
ted in both dete
tors was studied as a fun
tion ofthe diameter of the inner dete
tor. These simulations were run for both s
intillator types,two dete
tor lengths (20 
m and 40 
m), and four di�erent energies (1, 2, 4, 8 MeV).Results of these studies are shown in Fig. 1
. The probability of generating signals in twodete
tors de
reases rather slowly with the in
rease of the diameter of the inner dete
tor.The values are signi�
antly larger for longer dete
tors.Our simulations show that the deuterated s
intillator has signi�
antly lower e�
ien
yand worse time resolution than the proton-based one. As far as the P1n→2n probabilityis 
on
erned, both dete
tors exhibit similar behaviour, ex
ept for situations when thee�
ien
y of BC537 is too low to produ
e an above threshold signal for a se
ond time.The anti
ipated good 
orrelation of the light produ
ed in the deuterated s
intillator withthe in
oming neutron energy is 
on�rmed only for very small dete
tor units (volumes ofabout 0.5 litres). For larger dete
tor sizes, su
h as those that will be used for NEDA(volume of about 3 litres), this e�e
t is smeared out. We have therefore 
on
luded thatthere is no advantage in using the deuterated s
intillator 
ompared to the standard one,and a de
ision was taken to use BC501A for the NEDA dete
tors.Bibliography[1℄ S. Akkayoun et al. Nu
l. Inst. and Meth. A668 (2012) 26[2℄ http://pro.ganil-spiral2.eu/spiral2/instrumentation/exogam2[3℄ C. Ur, LNL Annual Report 2009, p. 68[4℄ A. Maj et al. A
ta Phys. Pol. B40 (2009) 565[5℄ G. Jaworski et al. Nu
l. Inst. and Meth. A673 (2012) 64[6℄ M. Ojaruega, Ph. D. Thesis, University of Mi
higan, 2009
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tion of quer
etin with 
opper ionsA. P�kal1 ,2 , K. Pyrzy«ska21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Fa
ulty of Chemistry, University of Warsaw, Warszawa, PolandEpidemiologi
al studies show the possible role in preventing 
an
er and 
ardiovas
ulardiseases of polyphenoli
 
ompounds [1,2℄. The 
onsumption of food ri
h in �avonoids 
aneven reverse age-dependent deteriorations in memory and 
ognition [3℄. Flavonoids play arole as antioxidants by a variety of ways su
h as dire
t trapping of rea
tive oxygen spe
ies,inhibition of enzymes responsible for superoxide anion produ
tion, 
helation of transitionmetals involved in pro
esses forming radi
als and prevention of the peroxidation pro
essby redu
ing alkoxyl and peroxyl radi
als. Quer
etin whi
h is one of the most 
ommonpolyphenols, was investigated in the presen
e of 
upri
 ions in methanoli
 solution. Manyof the bene�
ial e�e
ts of quer
etin are 
onne
ted to its ability to a
t as a free radi
ala

eptor. However, the metal-
omplexing properties of this mole
ule may a�e
t its totalantioxidant a
tivity. Metal ions whi
h possess redox a
tivity as 
ofa
tors for variousenzymes generate rea
tive oxygen spe
ies (ROS). Flavonoids prevent metal-
atalyzed freeradi
al generation and their subsequent rea
tions also by 
helating metal ions. They 
anprote
t very important biologi
ally a
tive mole
ules from oxidative stress [4℄.The aim of this proje
t was to �nd the me
hanism of intera
tion between the quer
etin(�avonol) and Cu2+. To obtain an explanation of the me
hanism of rea
tion UV-Visspe
trophtometry was used as an a

urate method for dete
tion of di�erent forms ofquer
etin.The UV-Vis spe
trum of quer
etin shows two bands: the �rst (λmax = 258 nm) isrelated to the benzoyl moiety and the se
ond - to the 
innamoyl moiety of quer
etin(Fig. 1).

Figure 1: The stru
ture of quer
etin.The study was related to various Q:Cu molar ratios and prolonged time. After ad-dition of 
opper (II) ions we observed a 
hange in the spe
tra of quer
etin. The spe
traof free quer
etin (Q) and di�erent Cu(II)-quer
etin systems (Q:Me = 1:2, 1:1 and 2:1)in methanoli
 solutions re
orded with two di�erent times after mixing the reagents are



68 HIL Annual Report 2011presented in Fig. 2. The addition of Cu(II) to quer
etin solution (8.9 · 10−5 M) leads toa large hypo
hromi
 shift in band I, parti
ularly signi�
ant when the Cu:Q ratio was 2:1(Fig. 2a). Band II of the quer
etin spe
trum demonstrated hyper
hromi
 shift to 293 nmin the presen
e of 
opper ions. The de
rease of the absorption band was 
onne
ted withthe simultaneous in
rease of a new 
hara
teristi
 band at λmax = 436 nm, whi
h 
or-responds to the 
omplex formation rea
tion as neither the ligand nor the metal absorbat this wavelength. The ex
ess of metal ions promoted the intera
tion of quer
etin withCu(II) as the absorban
e at 436 nm is higher and less free ligand is present in solutionin 
omparison to the other Q:Cu ratios (Fig. 2a). Over time after mixing the reagentsolutions, the intensity of the observed bands 
hanged, parti
ularly in the presen
e of anex
ess of Cu(II) (Fig. 2b)). The peak at 298 nm was also observed for quer
etin after therea
tion with KMnO4 solution whi
h is a strongly oxidative agent (Fig. 3). The resultsshow that the rea
tion between quer
etin and Cu(II) resulted �rst in the formation of a1:1 metal-ligand 
omplex through the 
arbonyl oxygen and 3-OH group in the C ring andthen oxidation of quer
etin to benzoquinone type produ
ts.

Figure 2: Absorption spe
tra of quer
etin and Cu-quer
etin 
omplexes. A) Re
ordedimmediately after mixing solutions; B) after 120 min [Q] = 8.9 · 10−5 M [5℄.The addition of EDTA destroyed the 
omplex (results not shown) but did not regen-erate the whole original spe
trum of free quer
etin. The presen
e of EDTA prevents theformation of a 
opper � quer
etin 
omplex and quer
etin oxidation.Bibliography[1℄ S. Fioru

i, J. Golebiowski, D. Cabrol-Bass, S. Anton
zak J. Agri
. Food Chem., 55(2007) 903[2℄ M. Grazul, E. Budzisz, Coord. Chem. Rev., 253 (2009) 2588[3℄ J.P.E Spen
er, D. Vauzou, C. Rendeiro, Ar
h. Bio
hem. Biophys., 492 (2009) 1[4℄ M.T. Fiorani, R. de San
itis, R. de Bellis, M. Da
ha, Free Radi
 Biol. Med., 32(2002) 64[5℄ A. P�kal, M. Biesaga, K. Pyrzynska Biometals 24 (2011) 41
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Figure 3: Absorption spe
tra of: (1) quer
etin; (2) quer
etin oxidized by KMnO4 and (3)Cu : Q = 2:1 solution after addition of EDTA [Q] = 8.9 · 10−5 M [5℄.
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ompleted in 2011 or in progressD.1.1 PhD theses of students a�liated to HIL and of HIL sta� membersKatarzyna Wrzosek-LipskaBadanie struktury elektromagnety
znej niskospinowy
h stanów wzbudzony
hj¡dra 100Mo metod¡ wzbudze« kulombowski
hEle
tromagneti
 stru
ture of low-spin ex
ited states in 100Mo studied using the Coulombex
itation methodSupervisor: dr hab. L. Pie«kowski. Thesis defended with honours on 7 Mar
h 2011.Jan MierzejewskiMe
hanizm niekompletnej fuzji badany z wykorzystaniem EAGLE i SiBallMe
hanism of in
omplete fusion studied with EAGLE and SiBallSupervisor: prof. dr hab. T. Matulewi
z. Expe
ted 
ompletion time: 2012.Grzegorz Jaworski, Fa
ulty of Physi
s, Warsaw University of Te
hnologyModelowanie wieloelementowy
h ukªadów detek
yjny
h w badania
h strukturyegzoty
zny
h j¡der atomowy
hModelling of multidete
tor arrays in studies of the stru
ture of exoti
 nu
leiSupervisor: prof. dr hab. J. Kowna
ki. Expe
ted 
ompletion time: 2012.Katarzyna Hady«ska-Kl�kBadanie struktury kolektywnej w izotopa
h wapnia metod¡ wzbudze« kulom-bowski
hStudies of 
olle
tive stru
ture in 
al
ium isotopes using the Coulomb ex
itation methodSupervisor: prof. dr hab. M. Ki
i«ska-Habior. Expe
ted 
ompletion time: 2012.Daniel Pi�tak, Institute of Radioele
troni
s, Warsaw University of Te
hnologyMetoda o
eny jako±
i wyników z eksperymentów wzbudze« kulombowski
h zwykorzystaniem algorytmu genety
znegoEvaluation method based on a geneti
 algorithm for results of Coulomb ex
itation experi-mentsSupervisor: prof. dr hab. J. Woj
ie
howski. Expe
ted 
ompletion time: 2012.Izabela Strojek, The Andrzej Soªtan Institute for Nu
lear Studies, �wierkWpªyw struktury j¡dra 20Ne na reak
je z jego udziaªemIn�uen
e of the stru
ture of 20Ne on rea
tions with this nu
leusSupervisor: prof. dr hab. K. Rusek. Expe
ted 
ompletion time: 2012.Anna P�kal, Fa
ulty of Chemistry, University of WarsawWpªyw doboru pro
edury anality
znej na wyzna
zanie wªa±
iwo±
iantyutleniaj¡
y
h próbek »ywnos
iIn�uen
e of analyti
al pro
edure on antioxidant properties of food samplesSupervisor: prof. dr hab. Krystyna Pyrzy«ska. Expe
ted 
ompletion time: 2013.



74 HIL Annual Report 2011D.1.2 Other PhD theses based on experiments performed at HILJoanna Czub, Fa
ulty of Physi
s, �wi�tokrzyska A
ademyBiologi
zne dziaªanie promieniowania o wysokim LETBiologi
al e�e
ts of radiation with high LET valueSupervisor: prof. dr hab. J. Braziewi
z. Thesis defended on 16 September 2011.Urszula Ka¹mier
zak, Fa
ulty of Physi
s, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. Expe
ted 
ompletion time: 2014.�ukasz Janiak, University of �ód¹Supervisor: prof. dr hab. J. Andrzejewski. Expe
ted 
ompletion time: 2014.Justyna Samoraj
zyk, University of �ód¹Supervisor: prof. dr hab. J. Andrzejewski. Expe
ted 
ompletion time: 2014.D.1.3 MS
 theses supervised by HIL sta� membersGrzegorz Mentrak, Fa
ulty of Physi
s, Warsaw University of Te
hnologyOpra
owanie ukªadu 
yfrowo-analogowego sterowania zasila
zami pr¡du staªegodo magnesów od
hylaj¡
y
h w Warszawskim CyklotronieA digital/analog 
ontrol system for DC power supplies for bending magnets of the WarsawCy
lotronSupervisor: dr J. Choi«ski. Thesis 
ompleted in O
tober 2011.Mi
halina Komorowska, Fa
ulty of Physi
s, University of WarsawSupervisors: prof. M. Ki
i«ska-Habior, dr J. Srebrny. Expe
ted 
ompletion time: 2012D.1.4 Other BS
 and MS
 theses based on experiments performed at HILAleksandra Rubin, Woj
ie
h Pi¡tek, Fa
ulty of Mathemati
s and Natural S
ien
es,Cardinal Stefan Wyszy«ski University in WarsawRównolegªe wyzna
zanie warto±
i funk
ji 
elu z wykorzystaniem ar
hitekturyrozproszonejParallel determination of the obje
tive fun
tion value based on a distributed appli
ationstru
tureSupervisors: prof. dr hab. J. Góre
ki, prof. dr hab. L. So
ha. BS
 thesis defended in 2011Ilona Gªowa
ka, Fa
ulty of Physi
s and Applied Computer S
ien
e, University of �ód¹Skute
zno±¢ biologi
zna jonów w�gla w zastosowaniu do terapii nowotworówBiologi
al e�e
tiveness of 
arbon ions applied to 
an
er therapySupervisor: dr hab. Z. Sze�i«ski. MS
 thesis expe
ted 
ompletion time: 2012Maªgorzata �oniewska, Fa
ulty of Physi
s, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. BS
 thesis defended in 2011Mi
haª Czerwi«ski, Fa
ulty of Physi
s, University of WarsawSurvival of 
ell lines under in�uen
e of lo
al dose



HIL Annual Report 2011 75Supervisor: dr hab. Z. Sze�i«ski. MS
 thesis, expe
ted 
ompletion time: 2012El»bieta Gajewska-Dendek, Fa
ulty of Physi
s, University of WarsawMonte Carlo simulations of the therapeuti
 dose in NVIDIA CUDA te
hnologySupervisor: dr hab. Z. Sze�i«ski. MS
 thesis, expe
ted 
ompletion time: 2012Justyna Chudyka, Fa
ulty of Mathemati
s, Physi
s and Chemistry, University of SilesiaSuperisor: prof. dr hab. W. Zipper. MS
 thesis, expe
ted 
ompletion time: 2012Katarzyna Tworek, Fa
ulty of Mathemati
s, Physi
s and Chemistry, University of SilesiaSuperisor: prof. dr hab. W. Zipper. MS
 thesis, expe
ted 
ompletion time: 2012





HIL Annual Report 2011 77D.2 SeminarsD.2.1 Seminars 
o-organised by HILNu
lear Physi
s SeminarsSeminars organised jointly by the divisions of Nu
lear Physi
s, Nu
lear Spe
tros
opy andNu
lear Stru
ture Theory of the Fa
ulty of Physi
s, University of Warsaw, and the HeavyIon Laboratory, University of WarsawM. Lewitowi
z � GANIL, Fran
e 13 January 2011Physi
s opportunities and status of the SPIRAL 2 Proje
tW Satuªa � Inst. of Theoreti
al Physi
s, Univ. of Warsaw 20 January 2011Isospin mixing and isospin-symmetry-breaking 
orre
tions to the superallowedbeta de
ayP. De
owski � NIKHEF, Amsterdam, Netherlands 17 February 2011Measuring neutrino properties and geoneutrinos with KamLANDS. Wy
e
h � NCNR, �wierk, Poland 24 February 2011Barionium a �zyka FAIRBarionium and physi
s of FAIRS.G. Rohozi«ski � Inst. of Theoreti
al Physi
s, Univ. of Warsaw 3 Mar
h 2011Symptomy 
hiralno±
i w ukªada
h rdze«-
z¡stka-dziuraSignatures of 
hirality in the 
ore-parti
le-hole systemsP. Olbratowski � Inst. of Theoreti
al Physi
s, Univ. of Warsaw 10 Mar
h 2011Szkolenie polski
h edukatorów energetyki j¡drowej we Fran
jiTraining of Polish nu
lear power tutors in Fran
eD. Tarpanov � Bulgarian A
ad. of S
. and Univ. of Warsaw 17 Mar
h 2011Nu
lear stru
ture 
al
ulations in large domain of energy ex
itationsM. Pala
z, HIL 24 Mar
h 2011Neutron-proton intera
tion in 92PdA. Pastore � Institut de Physique Nu
léaire de Lyon 31 Mar
h 2011Nu
lear response for the Skyrme fun
tional with zero-range tensor termsJ. Doba
zewski � Inst. of Theoreti
al Physi
s, Univ. of Warsaw 7 April 2011Stany j¡der 
i�»ki
h jako laboratorium badania pro
esów fundamentalny
hHeavy atomi
 nu
lei as a laboratory for fundamental pro
essesN. Keeley � NCNR, �wierk, Poland 14 April 2011Nu
lear stru
ture in�uen
es on near-barrier elasti
 s
attering
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zy«ska � Inst. of Experimental Physi
s, Univ. of Warsaw 21 April 2011Modelowanie syntezy j¡der super
i�»ki
hModelling of the synthesis of super-heavy nu
lei�. Wieteska � Medi
al University in �ód¹ 28 April 2011Zna
zenie promieniowania tªa dla reak
ji komórki na uszkodzenia DNAIn�uen
e of the ba
kground radiation on 
ell response to DNA damageI. Mukha � GSI, Darmstadt 5 May 2011Proton and two-proton de
ays in-�ight studied by tra
king te
hniqueK. Piase
ki � Inst. of Experimental Physi
s, Univ. of Warsaw 12 May 2011Global dynami
s and strangeness produ
tion in heavy-ion 
ollisions at 1-2A·GeV with FOPIM. Pomorski � Inst. of Experimental Physi
s, Univ. of Warsaw 19 May 2011Spektroskopia 48Ni � pierwsze wra»enia z eksperymentu w NSCLSpe
tros
opy of 48Ni �- �rst impressions from an experiment at NSCLM. Jents
hel � ILL Grenoble 26 May 2011Gamma Ray Spe
tros
opy with Laue Di�ra
tion Spe
trometersM. Kone
ki � Inst. of Experimental Physi
s, Univ. of Warsaw 6 O
tober 2011Fizyka zderze« proton-proton przy wielki
h energia
h � ostatnie wyniki ekspery-mentów ATLAS i CMSPhysi
s of high energy proton-proton 
ollisions � re
ent results of the ATLAS and CMSexperimentsC. Mazzo

hi � Inst. of Experimental Physi
s, Univ. of Warsaw 13 O
tober 2011Alpha-de
ay in the neighbourhood of 100Sn, an overview on re
ent resultsK. Grzelak � Inst. of Experimental Physi
s, Univ. of Warsaw 20 O
tober 2011Pomiary pr�dko±
i neutrinThe neutrino velo
ity measurementsM. Karny � Inst. of Experimental Physi
s, Univ. of Warsaw 27 O
tober 2011Rozpad beta 100SnBeta de
ay of 100SnK. Rusek � HIL 3 November 2011Fizyka j¡drowa i jej medy
zne zastosowania w �LCJ UWNu
lear physi
s and its appli
ations at HILZ. Patyk � NCNR, �wierk, Poland 10 November 2011J¡drowy wy
hwyt elektronu w jona
h wodoro-, helo- i lito-podobny
hOrbital ele
tron 
apture of hydrogen- helium- and lithium-like ions



HIL Annual Report 2011 79O. Hartmann � Austrian A
ademy of S
ien
es, Vienna 17 November 2011Strangeness Physi
s with FOPI at GSI-SISJ. Kurpeta � Inst. of Experimental Physi
s, Univ. of Warsaw 24 November 2011Stany izomery
zne w neutrono-nadmiarowy
h fragmenta
h rozsz
zepienia omasa
h w pobli»u A=110Isomeri
 states in neutron-ri
h �ssion fragments with masses 
lose to A=110A. Korgul � Inst. of Experimental Physi
s, Univ. of Warsaw 1 De
ember 2011Nowe informa
je spektroskopowe o rozpada
h β oraz βn nuklidów z okoli
ypodwójnie magi
znego j¡dra 78NiNew spe
tros
opi
 information in the vi
inity of the doubly-magi
 nu
leus 78NiS. Kistryn � Jagiellonian University, Kraków 28 November 2011Centrum Cyklotronowe Bronowi
e � nowe laboratorium �zyki j¡drowejBronowi
e Cy
lotron Centre - a new laboratory of nu
lear physi
sM. Kirej
zyk � Inst. of Experimental Physi
s, Univ. of Warsaw 25 November 2011Statysty
zne i niestatysty
zne aspekty zderze« j¡dro-j¡dro w wynika
h detek-tora FOPIStatisti
al and non-statisti
al aspe
ts of the FOPI dete
tor resultsW. Nazarewi
z � Univ. of Tennessee, and ORNL, USA 19 De
ember 2011Zawarto±¢ informa
yjna nowej obserwabliInformation 
ontent of a new observableD.2.2 External seminars given by the HIL sta�P.J. Napiorkowski, D.A. Pi�tak 17 January 2011Obli
zanie ksztaªtów j¡der atomowy
h z wykorzystaniem algorytmów heurysty-
zny
h i przetwarzania rozproszonegoCal
ulation of nu
lear shapes using heuristi
 algorithms and distributed pro
essingSeminar in the Cardinal Stefan Wyszy«ski University, Warszawa, PolandJ. Sura 19 January 2011Thomson type spe
trometerSeminar of the Fa
ulty of Physi
s, University of Messina, ItalyA.Trz
i«ska 2 May 2011Barrier height distributions � the in�uen
e of weak 
hannelsFUSION 2011 Conferen
e, St. Malo, Fran
eM. Zieli«ska 6 May 2011Coulomb ex
itation studiesPhysi
s Group Meeting, CSNSM, Orsay



80 HIL Annual Report 2011J. Jastrz�bski 12 May 2011Produk
ja izotopów medy
zny
h w �LCJProdu
tion of medi
al isotopes at HILS
ienti�
 Session �2011 - year of Maria Skªodowska-Curie�, University of Silesia, Katowi
e,PolandJ.Jastrz�bski 19 May 2011Radioizotopy stosowane w medy
ynieRadioisotopes used in medi
ineUniversity of Maria Skªodowska-Curie, Lublin, PolandJ.Mierzejewski 27 June 2011Dynami
s of In
omplete fusion rea
tion � �rst experiment on EAGLE arrayEGAN 2011 workshop, Padova, ItalyJ.Jastrz�bski 18 June 2011
211At produ
tion on the Warsaw Cy
lotron7th Symposium on Targeted Alpha Therapy, Berlin, GermanyE. Piase
ki 7 August 2011Coulomb barrier distributionsSummer S
hool �Modern Problems of Nu
lear Physi
s and Astrophysi
s�,Astana, KazakhstanD.A. Pi�tak, J.Woj
ie
howski, P.J.Napiorkowski 29 August 2011A Front Line Algorithm for Error Estimation in Data Sets with NonuniformSampling DistributionEuropean Conferen
e on Cir
uit Theory and Design, Linkoping, SwedenK. Rusek 5 September 2011Fizyka j¡drowa i jej medy
zne zastosowania w �LCJ UWNu
lear Physi
s and its medi
al appli
ations at HILXLI Meeting of Polish Physi
ists, Lublin, PolandM. Zieli«ska 8 September 2011Warsztaty Ak
elera
ji i Zastosowa« Ci�»ki
h Jonów w �LCJ UWWorkshops on A

eleration and Appli
ations of Heavy Ions at HILXLI Meeting of Polish Physi
ists, Lublin, PolandJ. Mierzejewski 8 September 2011COMPA � a fusion-evaporation event generator 
ode that handles stoppingof the rea
tion produ
ts in the target material11th Agata Week, Darmstadt, GermanyK. Rusek 12 September 2011Role of one-neutron transfer in 11Be + 120Sn s
atteringXXXII Mazurian Lakes Conferen
e on Physi
s, Piaski, Poland



HIL Annual Report 2011 81J. Mierzejewski 13 September 2011Dynami
s of the In
omplete fusion rea
tion-�rst measurements with EAGLEarrayXXXII Mazurian Lakes Conferen
e on Physi
s, Piaski, PolandJ. Kowna
ki 14 September 2011Beginning of Nu
lear Spe
tros
opy in neighbourhood of WarsawXXXII Mazurian Lakes Conferen
e on Physi
s, Piaski, PolandJ.Jastrz�bski 17 September 2011Radioa
tive Nu
lei for Medi
al Appli
ationsXXXII Mazurian Lakes Conferen
e on Physi
s, Piaski, PolandJ.Jastrz�bski 22 September 2011Radiopharma
euti
als Produ
tion and Resear
h Centre at the University ofWarsawInt. Conf. �Physi
s and Engineering for Health and Wellness of So
iety�, Pozna«, PolandJ.Mierzejewski 22 September 2011In
omplete fusion rea
tion modellingCompound Nu
lear Rea
tions and Related Topi
s, Prague, Cze
h Republi
K.Rusek 26 O
tober 2011Crisis 
reates opportunities: perspe
tive from a small European laboratoryAsia-Europe Physi
s Summit 2011, Wro
ªaw, PolandJ. Choi«ski 4 November 2011O±rodek produk
ji i bada« radiofarma
eutykówRadiopharma
euti
als produ
tion and resear
h laboratory4th CePT Conferen
e, Warszawa, PolandD.2.3 Poster presentationsK. RusekNew results on fusion of 8He halo nu
leus with 206Pb at the energies below theCoulomb barrierA.M.San
hez-Benitez et al., ARIS 2011, Katholieke Universiteit Leuven,29 May�3 June 2011K. Rusek, A.Trz
i«skaProbing the 17F+p potential by means of elasti
 s
attering measurements atnear barrier energiesN. Patronis et al., ARIS 2011, Katholieke Universiteit Leuven, 29 May � 3 June 2011J. MierzejewskiIn
omplete fusion rea
tion modellingNordi
 Conferen
e on Nu
lear Physi
s 2011, 13-17 June 2011, Sto
kholm, Sweden



82 HIL Annual Report 2011P. Napiorkowski, K. Rusek, M. Zieli«skaWorkshops on A

eleration and Appli
ations of Heavy Ions at the Heavy IonLaboratoryXXXII Mazurian Lakes Conferen
e on Physi
s, 11�18 September 2011, Piaski, PolandA. KordyaszSili
on vertex dete
tor for superheavy elements identi�
ationXVIIth Colloque GANIL 25�30 September 2011, Belgodere, Corsi
a, Fran
eP. Napiorkowski, K. Rusek, M. Zieli«skaWorkshops on A

eleration and Appli
ations of Heavy Ions at the Heavy IonLaboratoryAsia-Europe Physi
s Summit, 26�29 November 2011, Wro
ªaw, PolandA. Kordyasz, M. Kowal
zyk, M. Kisieli«ski, A. Bednarek, K. Hady«ska-Kl�k, (14 names)Sili
on vertex dete
tor for superheavy elements identi�
ationInternational Workshop on Multifragmentation and Related Topi
s 2011,2�5 November 2011, GANIL, Fran
eJ. Choi«ski, K. Kilian, A. P�kal, D. Sz
zepaniakPra
ownia 11C i 15O
11C and 15O LaboratoryIV CePT Conferen
e, 4 November 2011, Warszawa, PolandW. Szkutnik, K. Kilian, A. P�kal, K. Pyrzy«skaWykorzystanie metody headspa
e GC do ozna
zania pozostaªo±
i rozpusz
zal-ników organi
zny
h w radiofarma
eutyka
hUse of the GC headspa
e method for the determination of residual organi
 solvents inradiopharma
euti
alsOgólnopolska Konferen
ja Radiofarma
euty
zna 12�13 May 2011, �ód¹, PolandD.2.4 Le
tures for studentsK. Wrzosek-Lipska, M. Zieli«ska 17�20 May 2011Course "GOSIA for beginners"TU Darmstadt, Germany (15 hours of le
tures and training sessions)O. Ste
zkiewi
z 2 February 2011Ak
elera
ja 
i�»ki
h jonów i elementy optyki jonowejA

eleration of heavy ions and ion opti
s elementsMaria Skªodowska-Curie University, Lublin, PolandK. Rusek 2 February 2011100 lat �zyki j¡drowej100 years of Nu
lear Physi
sMaria Skªodowska-Curie University, Lublin, Poland



HIL Annual Report 2011 83M. Zieli«ska 2 February 2011Prezenta
ja �rodowiskowego Laboratorium Ci�»ki
h JonówPresentation of the Heavy Ion LaboratoryMaria Skªodowska-Curie University, Lublin, PolandK. Kilian 2 February 2011Radiofarma
eutyki do pozytonowej tomogra�i emisyjnej (PET)Radiopharma
euti
als for positron-ele
tron emission tomography (PET)Maria Skªodowska-Curie University, Lublin, PolandL. Pie«kowski 2 February 2011Synergia w�glowo-j¡drowaNu
lear-
oal synergyMaria Skªodowska-Curie University, Lublin, PolandM. Zieli«ska 27 June 2011Prezenta
ja �rodowiskowego Laboratorium Ci�»ki
h JonówPresentation of the Heavy Ion LaboratoryLe
ture for post-graduate students of Physi
s and Astronomy, HILL. Pie«kowski 27 June 2011Synergia w�glowo-j¡drowaNu
lear-
oal synergyLe
ture for post-graduate students of Physi
s and Astronomy, HILD.2.5 S
ien
e popularisation le
turesL. Pie«kowski 24 September 2011Energetyka j¡drowa - szanse i zagro»eniaNu
lear energy � opportunities and hazardsXV Festival of S
ien
e, Warszawa, PolandP.J. Napiorkowski 24 September 2011Fizyka j¡drowa w wal
e z faªszerzami winNu
lear physi
s against wine forgersXV Festival of S
ien
e, Warszawa, PolandK. Kilian 24 September 2011Tomogra�a emisji pozytonu (PET). Nowe mo»liwo±
i dla nauki, o
hrony zdrowiai przemysªuPositron emission tomography (PET). New opportunities for s
ien
e, health 
are and in-dustryXV Festival of S
ien
e, Warszawa, Poland



84 HIL Annual Report 2011K. Kilian 22 September 2011Zastosowanie �zyki j¡drowej w diagnosty
e medy
znejAppli
ations of nu
lear physi
s in medi
ineXV Festival of S
ien
e, Warszawa, PolandP.J. Napiorkowski 23 September 2011Fizyka dla bramkarzyPhysi
s for goalkeepersXV Festival of S
ien
e, Warszawa, PolandL. Pie«kowski 17 September 2011Przyszªo±¢ energetyki j¡drowej po FukushimieNu
lear energy after FukushimaXV Festival of S
ien
e, Warszawa, Poland
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ationsD.3.1 ISI listed publi
ationsPubli
ations resulting from work performed with HIL fa
ilitiesA.T. Rud
hik, Yu.M. Stepanenko, K.W. Kemper, A.A. Rud
hik, O.A. Ponkratenko,E.I. Kosh
hy, S. Kli
zewski, K. Rusek, A. Budzanowski, S.Yu. Mezhevy
h, I. Skwir
zyn-ska, R. Siudak, B. Cze
h, A. Sz
zurek, J. Choinski, L. Glowa
kaComparison of the 7Li(18O, 17N)8Be and 18O(d,3He)17N rea
tionsPhys. Rev. C83 (2011) 024606J. Kowna
ki, Ch. Droste, T. Morek, E. Ru
howska, R.M. Lieder, M. Kisielinski, M. Kowal
zyk,J. Andrzejewski, J. Perkowski, P.J. Napiorkowski, K. Wrzosek-Lipska, M. Zielinska, A. Kordyasz,A. Korman, K. Hadynska-Kl�k, E. Grodner, J. Mierzejewski, J. SrebrnyDe
ay properties of long-lived isomers in the odd-odd N=81 nu
leus 146Tb 
om-pared to the 148Ho and 150Tm nu
leiPhys. Rev. C83 (2011) 027301J. Mierzejewski, J. Srebrny, H. Mierzejewski, J. Andrzejewski, W. Czarna
ki, Ch. Droste,E. Grodner, A. Jakubowski, M. Kisieli«ski, M. Komorowska, A. Kordyasz, M. Kowal
zyk,J. Kowna
ki, A.A. Pasternak, J. Perkowski, A. Stolarz, M. Zieli«ska, R. An
zkiewi
zEAGLE � the 
entral European Array for Gamma Levels Evaluation at theHeavy Ion Laboratory of the University of WarsawNu
l. Inst. and Meth. A659 (2011) 84A.T. Rud
hik, Yu.O. Shyrma, K.W. Kemper, K. Rusek, E.I.Kosh
hy, S. Kli
zewski,B.G. Novatsky, O.A. Ponkratenko, E. Piase
ki, G.P. Romanyshyna, Yu.M. Stepanenko,I. Strojek, S.B. Sakuta, A. Budzanowski, L. Glowa
ka, I. Skwir
zynska, R. Siudak, J. Choi«ski,A. Sz
zurekElasti
 and inelasti
 s
attering of 13C + 18O versus 12C + 18O and 13C + 16ONu
l. Phys. A852 (2011) 1A.T. Rud
hik, Yu.O. Shyrma, K.W. Kemper, K. Rusek, E.I. Kosh
hy, S. Kli
zewski,B.G. Novatsky, O.A. Ponkratenko, E. Piase
ki, G.P. Romanyshyna, Yu.M. Stepanenko,I. Strojek, S.B. Sakuta, A. Budzanowski, L. Glowa
ka, I. Skwir
zynska, R. Siudak, J. Choi«ski,A. Sz
zurekElasti
 and inelasti
 s
attering of 14C + 18O versus 12 ,13C + 18O and 14C +
16OEur. Phys. J. A47 (2011) 50J. Srebrny, D. ClineModel independent determination of quadrupole deformation parameters fromCoulomb ex
itation measurementsInt. J. Mod. Phys. E20 (2011) 422E. Grodner, I. Sankowska, T. Morek, S.G. Rohozinski, Ch. Droste, J. Srebrny,A.A. Pasternak, M. Kisielinski, M. Kowal
zyk, J. Kowna
ki, J. Mierzejewski, A. Krol,K. WrzosekPartner bands of 126Cs � �rst observation of 
hiral ele
tromagneti
 sele
tionrulesPhys. Lett. B703 (2011) 46



86 HIL Annual Report 2011K.Wrzosek-Lipska, M. Zielinska, K. Hadynska-Klek, J. Iwani
ki, M. Kisielinski, M. Kowal
zyk,P.J. Napiorkowski, D. Pietak, J. SrebrnyQuadrupole Moment of the 2+1 State in 100MoA
ta Phys. Pol. B42 (2011) 803K.Wrzosek-Lipska, M. Zielinska, K. Hady«ska-Kl�k, Y. Hatsukawa, J. Iwani
ki, J. Katakura,M. Kisielinski, M. Koizumi, M. Kowal
zyk, H. Kusakari, M. Matsuda, T. Morikawa,P.J. Napiorkowski, A. Osa, M. Oshima, D. Pietak, L. Pro
hniak, T. Shizuma, J. Srebrny,M. Sugawara, Y. TohShape evolution in heaviest stable even-even molybdenum isotopes studied viaCoulomb ex
itationInt. J. Mod. Phys. E20 (2011) 443A. Kordyasz, A. Stolarz, J. MierzejewskiTarget set-up for measurements with the use of a Si-ball dete
torNu
l. Inst. and Meth. A655 (2011) 100A.T. Rud
hik, Yu.M. Stepanenko, K.W. Kemper, A.A. Rud
hik, O.A. Ponkratenko,E.I. Kosh
hy, S. Kli
zewski, K. Rusek, A.Budzanowski, S.Yu. Mezhevy
h, Val.M. Pir-nak, B. Cze
h, R. Siudak, I. Skwir
zynska, A. Sz
zurek, J. Choi«ski, L. Glowa
kaThe 7Li(18O, 16N)9Be rea
tion and opti
al potential of 16N + 9Be versus 16O +
9BeNu
l. Phys. A860 (2011) 8Publi
ations resulting from work performed with external fa
ilitiesM. S
he
k, P.A. Butler, L.P. Ga�ney, N. Bree, R.J. Carrol, D. Cox, T. Grahn, P.T. Green-lees, K. Haus
hild, A.Herzan, M. Huyse, U. Jakobsson, P. Jones, D.T. Joss, R. Julin,S. Juutinen, S. Ketelhut, R.-D. Herzberg, M. Kowal
zyk, A.C. Larsen, M. Leino, A. Lopez-Martens, P. Nieminen, R.D. Page, J. Pakarinen, P. Papadakis, P. Peura, P. Rahkila,S. Rinta-Antila, P. Ruotsalainen, M. Sandzelius, J. Saren, C. S
holey, J. Sorri, J. Srebrny,P. Van Duppen, H.V. Watkins, J. UusitaloCombined in-beam ele
tron and gamma-ray spe
tros
opy of 184 ,186HgPhys. Rev. C83 (2011) 037303M. Sugawara, H. Kusakari, Y. Yoshizawa, H. Inoue, T. Morikawa, T.Shizuma, J SrebrnyCoulomb ex
itation of 156GdPhys. Rev. C83 (2011) 064308F. Naqvi, P. Bouta
hkov, M. Gorska, J. Gerl, F. Farinon, E.T. Gregor, K. Hadynska,A. Jhingan, R. Janik, I. Kojouharov, N.A. Kondratyev, M.A.G. Alvarez, I. Mukha,P. Napiorkowski, C. No
iforo, D. Pietak, W. Prokopowi
z, S. Pietri, A. Pro
hazka,H. S
ha�ner, P. Strmen, H. Wei
k, H. J.WollersheimDevelopment of Slowed Down Beams at the Fragment Separator for FairA
ta Phys. Pol. 42 (2011) 725V.V. Parkar, I. Martel, A.M. San
hez-Benitez, L. A
osta, K. Rusek, �.Standylo, N.KeeleyDipole Polarizabilities of Weakly Bound Nu
leiA
ta Phys. Pol. B42 (2011) 761D.D. DiJulio, J. Cederkall, C. Fahlander, A. Ekstrom, P. Golubev, K. Mattsson, D. Rudolph,G. de Angelis, S. Aydin, A.Y. Deo, E. Farnea, G. Farrelly, K. Geibel, C. He, J. Iwani
ki,



HIL Annual Report 2011 87R. Kempley, N. Marginean, R. Menegazzo, D. Mengoni, R. Orlandi, Z. Podolyak, F. Re
-
hia, P. Reiter, E. Sahin, J. Smith, P.A. Soderstrom, D.A. Torres, G.M.Tveten, C.A.Ur,J.J.Valiente-Dobon, A.Wendt, M. ZielinskaEle
tromagneti
 properties of vibrational bands in 170ErEur. Phys. J. A47 (2011) 25B. Cederwall, F. Ghazi Moradi, T. Bä
k, A. Johnson, J. Blomqvist, E. Clement, G.de Fran
e,R. Wadsworth, K. Andgren, K. Lagergren, A. Dijon, G. Jaworski, R. Liotta, C. Qi,B.M.Nyako, J Nyberg, M. Pala
z, H. Al-AZri, G. de Angelis, A. Ataç, S. Bhatta
haryya,T. Bro
k, J.R. Brown, P. Davies, A. Di Nitto, Zs. Dombradi, A. Gadea, J. Gal, B. Hadinia,F. Johnston-Theasby, P. Joshi, K. Juhasz, R. Julin, A. Jung
laus, G. Kalinka, S.O. Kara,A. Khaplanov, J. Kowna
ki, G.La Rana, S.M. Lenzi, J. Molnar, R. Moro, D.R. Napoli,B.S. Nara Singh, A. Persoon, M. Sandzelius, J.-N. S
heurer, G. Sletten, D. Sohler, P.-A. Söderström, M.J. Taylor, J. Timar, J.J. Valiente-Dobon, E. Varda
i, S. WilliamsEviden
e for a spin-aligned neutron-proton paired phase from the level stru
-ture of 92PdNature(London) 469 (2011) 68E. Clement, G.De Fran
e, J.M. Casandjian, A. Gorgen, W. Korten, E. Bou
hez, A. Chatil-lon, A. Hurstel, Y. Le Coz, A. Obertelli, C. Theisen, J.N. Wilson, J.-P. Delaro
he,M. Girod, H. Goutte, S. Peru, T. Czosnyka, J. Iwani
ki, P.J. Napiorkowski, J. Srebrny,K. Wrzosek-Lipska, M. Zieli«ska, N. Bree, I. Stefanes
u, J. Van De Walle, C. Andreoiu,P.A. Butler, R.-D. Herzberg, D.G. Jenkins, G.D. Jones, A. Petts, F. Be
ker, J. Gerl,W.N. Catford, C.N. Timis, G. Sletten, G. Georgiev, J. LjungvallExperimental measurement of the deformation through the ele
tromagneti
probe: shape 
oexisten
e in exoti
 Kr and Sr isotopesInt. J. Mod. Phys. E20 (2011) 415A. Dijon, E. Clement, G. de Fran
e, P. Van Isa
ker, J. Ljungvall, A. Gorgen, A. Obertelli,W. Korten, A. Dewald, A. Gadea, L. Gaudefroy, M. Ha
kstein, D. Mengoni, Th. Pissulla,F. Re

hia, M. Rejmund, W. Rother, E. Sahin, C. S
hmitt, A. Shrivastava, J. J. Valiente-Dobon, K. O. Zell, M. ZielinskaLifetime measurements in 63Co and 65CoPhys. Rev. C83 (2011) 064321A. Dijon, J. Ljungvall, E. Clement, G. de Fran
e, P. Van Isa
ker, A. Gorgen, A. Obertelli,W. Korten, J. P. Delaro
he, A. Dewald, A. Gadea, L. Gaudefroy, M. Girod, M. Ha
k-stein, J. Libert, D. Mengoni, T. Pissula, F. Re

hia, M. Rejmund, W. Rother, E. Sahin,C. S
hmitt, A. Shrivastava, J. J. Valiente-Dobon, K. O. Zell, M. ZielinskaLifetime Measurements in Neutron-ri
h Fe and Co IsotopesA
ta Phys. Pol. 42 (2011) 829D. Perez-Loureiro, J. Benlliure, H. Alvarez-Pol, B. Blank, E. Casarejos, D. Dragosava
,V. Fohr, M. Gas
on, W. Gawlikowi
z, A. Heinz, K. Helariutta, A. Keli
-Heil, S. Luki
,F. Montes, L. Pienkowski, K.-H. S
hmidt, M. Staniou, K. Suboti
, K. Summerer, J. Taieb,A. Trz
inskaProdu
tion of neutron-ri
h nu
lei in fragmentation rea
tions of 132Sn proje
-tiles at relativisti
 energiesPhys. Lett. B703 (2011) 552
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kx, A. Stolarz, M. Jaskola, A. Korman, A. Moens, R. Eykens, D. Sa-pundjiev, Y. AregbeQuality of polyimide foils for nu
lear appli
ations in relation to a new prepa-ration pro
edureNu
l. Inst. and Meth. A655 (2011) 47K. Hady«ska-Kl�k, P.J. Napiorkowski, A. Maj, F. Azaiez, J.J. Valiente-Dobón, G. de An-gelis, G. Anil Kumar, D. Bazza

o, P. Bednar
zyk, M. Bellato, G. Benzoni, L. Berti,D. Bortolato, B. Bruyneel, F. Camera, M. Ciemaªa, P. Co

oni, A. Colombo, A. Corsi,F. Crespi, A. Czermak, B. Dulny, E. Farnea, B. Fornal, S. Fran
hoo, A. Gadea, A. Giaz,A. Gottardo, X. Grave, J. Gr�bosz, M. Gulmini, H. Hess, R. Iso
rate, G. Jaworski,M. Ki
i«ska-Habior, M. Kmie
ik, N. Kondratyev, A. Kori
hi, W. Korten, G. Lehaut,S. Lenzi, S. Leoni, S. Lunardi, G. Maron, R. Menegazzo, D. Mengoni, E. Mer
hán,W. M�
zy«ski, C. Mi
helagnoli, P. Molini, D.R. Napoli, R. Ni
olini, M. Niikura, M. Pala
z,G. Rampazzo, F. Re

hia, N. Redon, P. Reiter, D. Rosso, E. Sahin, J. Srebrny, I. Stefan,O. Stézowski, J. Sty
ze«, N. Toniolo, C.A. Ur, V. Vandone, B. Wadsworth, A. Wiens,K. Wrzosek-Lipska, M. Zieli«ska, M. Zi�bli«skiRe�nement of the 42Ca Level S
heme. Preliminary Results from the FirstAGATA Demonstrator ExperimentA
ta Phys. Pol. B42 (2011) 817K.Wrzosek-Lipska, M. Zieli«ska, K. Hady«ska-Kl�k, Y. Hatsukawa, J. Iwani
ki, J. Katakura,M. Kisieli«ski, M. Koizumi M. Kowal
zyk, H. Kusakari, M. Matsuda, T. Morikawa,P.J. Napiorkowski, A. Osa, M. Oshima, D. Pi�tak, L. Pró
hniak, T. Shizuma, J. Srebrny,M. Sugawara, Y. TohShape evolution in heaviest stable even-even molybdenum isotopes studied viaCoulomb ex
itationInt. J. Mod. Phys. E20 (2011) 1992A. StolarzSilver anniversary of the INTDS meetings?Nu
l. Inst. and Meth. A655 (2011) 1A. Stolarz, G. Sibbens, A. Dean,M. Jozwik, Y. Aregbe, G. RoebbenThin tristearin deposits as solid hydrogen-ri
h layers for neutron metrologyNu
l. Inst. and Meth. A655 (2011) 34P.-A. Söderström, F. Re

hia, J. Nyberg, A. Al-Adili, A. Ata
, S. Aydin, D. Bazza-

o,P. Bednar
zyk, B. Birkenba
h, D. Bortolato, A.J. Boston, H.C. Boston, B. Bruyneel,D. Bu
ures
u, E. Calore, S. Colosimo, F.C.L. Crespi, N. Dosme, J. Eberth, E. Farnea,F. Filmer, A. Gadea, A. Gottardo, X. Grave, J. Gr�bosz, R. Gri�ths, M. Gulmini,T. Habermann, H. Hess, G. Jaworski, P. Jones, P. Joshi, D.S. Judson, R. Kempley, A. Kha-planov, E. Legay, D. Lers
h, J. Ljungvall, A. Lopez-Martens, W. M�
zy«ski, D. Mengoni,C. Mi
helagnoli, P. Molini, D.R. Napoli, R. Orlandi, G. Pas
ovi
i, A. Pullia, P. Reiter,E. Sahin, J.F. Smith, J. Stra
han, D. Tonev, C. Unsworth, C.A. Ur, J.J. Valiente-Dobon,C. Veyssiere, A. WiensIntera
tion position resolution simulations and in-beam measurements of theAGATA HPGe dete
torsNu
l. Inst. and Meth. A638 (2011) 96E. Rapisarda, I. Stefanes
u, D.L. Balabanski, B. Bastin, A. Blazhev, N. Bree, M. Dan
hev,



HIL Annual Report 2011 89B. Bruyneel, T. Davinson, P. Delahaye, J. Diriken, J. Eberth, G. Georgiev, D. Fe-dorov, V.N. Fedosseev, E. Fiori, S. Fran
hoo, Ch. Fransen, K. Geibel, K. Gladnishki,K. Hadynska, H. Hess, K. Heyde, M. Huyse, O. Ivanov, J. Iwani
ki, J. Jolie, M. Kalkuehler,Th. Kroll, R. Kru
ken, U. Koster, G. Lo Bian
o, R. Lozeva, B.A. Marsh, S. Nardelli,F. Nowa
ki, N. Patronis, P. Reiter, M. Seidlitz, K. Sieja, N. Smirnova, J. Srebrny, J. Vande Walle, P. Van Duppen, N. Warr, F. Wenander, K. Wimmer, K. Wrzosek, S. Zemlyanoi,M. ZielinskaCoulomb ex
itation of the 3− isomer in 70CuPhys. Rev. C84 (2011) 064323D.3.2 Conferen
e 
ontributions and other publi
ations in journals not in-
luded in the ISI listJ. Jastrz�bskiRadioa
tive Nu
lei for Medi
al Appli
ationsAnnales UMCS, Se
tion AAA, Volume LXVI (2011) 49D.A.Pi�tak, J. Woj
ie
howski, P. NapiorkowskiA front line algorithm for error estimation in data sets with nonuniform sam-pling distributionIEEE Xplore Pro
eedings page 210A. Trz
i«ska, W. Czarna
ki, P. De
owski, M. Kisieli«ski, P. Ko
zo«, A. Kordyasz, M. Kowal
zyk,E. Piase
ki, K. Rusek, A. StolarzBarrier heigt distributions - the in�uen
e of weak 
hannelsEuropean Physi
al Journal Web of Conferen
es 17 (2011) 05006V.V. Parkar, G. Marquinez, I. Martel, A.M. San
hez-Benitez, L. A
osta, R. Berjillos,J. Duenas, J.L. Flores, J.P. Bolivar, A. Padilla, M.A.G. Alvarez, D. Beaumel, M.J.G. Borge,A. Chbihi, C. Cruz, M. Cubero, J.P. Fernandez-Gar
ia, B. Fernandez Martinez, J. Gomez-Cama
ho, N. Keeley, J.A. Labrador, M. Marquis, M. Mazzo

o, A. Pakou, N. Patronis,V. Pesudo, D. Pierroutsakou, R. Raabe, K. Rusek, R. Silvestri, L. Standylo, I. Strojek,N. Soi
, O. Tengblad, R. Wolski, A.H. ZiadFusion of 8He with 206Pb around Coulomb barrier energiesEuropean Physi
al Journal Web of Conferen
es 17 (2011) 16009I. Skwira-Chalot, J. Wil
zy«ski, T. Cap, F. Amorini, A. Anzalone, L. Auditore, V. Baran,J. Brzy
h
zyk, G. Cardella, S. Cavallaro, M.B. Chatterjee, M. Colonna, E. De Filippo,M. Di Toro, W. Gawlikowi
z, E. Gera
i, A. Grzesz
zuk, P. Guazzoni, S. Kowalski, E. LaGuidara, G. Lanzalone, J. �ukasik,C. Maiolino, Z. Majka, N.G. Ni
olis, A. Pagano,M. Papa, E. Piase
ki, S. Pirrone, R. Pªaneta, G. Politi, F. Porto, F. Rizzo, P. Rus-sotto, K. S
hmidt, A. So
ho
ka, �. �widerski, A.Tri�ro, M. Trimar
hi, J.P. Wiele
zko,L. Zetta, W. ZipperTernary and quaternary re-separation of heavy 
olliding systemsPro
eeding of S
ien
e 59 (2011) 1



90 HIL Annual Report 2011D.3.3 Internal reportsM. Kopka, W. Koza
zka, P. Krysiak, Z. Morozowi
z, K. PietrzakUkªad wentyla
ji budynku 
yklotronu, obwody wentylatorówCy
lotron building ventilation system, fans 
ir
uitsM. Kopka, W. Koza
zka, P. Krysiak, Z. Morozowi
z, K. PietrzakPomiary termowizyjne. Pomiar temperatut zasila
za ZM1Thermal measurements. Temperature measurement of the main power supply ZM1M. Kopka, W. Koza
zka, P. Krysiak, Z. Morozowi
z, K. PietrzakPomiary 
ewek puªapki magnety
znej ¹ródªa jonów ECRMeasurements of the magneti
 trap 
oils for the ECR ion sour
e
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tor of the University of Warsaw awardsM. Pala
z, J. Kowna
kiFor the work on stru
ture of exoti
 nu
lei published in Nature, vol. 469, page 68, Eviden
eof a spin-aligned neutron-proton paired phase from the level stru
ture of 92Pd.J. Srebrny, J. Mierzejewski, M. Kisieli«ski, M. Kowal
zyk, K. Wrzosek-LipskaFor the study of symmetry in nu
lei published in Physi
s Letters B703, page 46, Partnerbands of 126Cs � �rst observation of 
hiral ele
tromagneti
 sele
tion rule.A. Bednarek, P. GmajFor the work within the proje
t entitled New high-frequen
y generators for the WarsawCy
lotron.M. KopkaFor the work on the new power supplies for the high-frequen
y generators.A. JakubowskiFor the maintenan
e of the experimental hall.L. Strzel
zykFor the maintenan
e of the HIL building.Other awards granted to HIL sta� and PhD studentsKastarzyna Hady«ska-Kl�kAnna P�kalResear
h s
holarships for a
ademi
 year 2011/2012 from the �Modern University� proje
t,funded by the European So
ial Fund in the framework of the Human Capital programme.The s
holarships were awarded to the best PhD students at the University of Warsaw.Grzegorz JaworskiResear
h and development s
holarship for best PhD students granted by the Fa
ulty ofPhysi
s, Warsaw University of Te
hnology, for 4 months, from 1 O
tober 2011.Katarzyna Wrzosek-LipskaInternational internship for a young post-do
 at the Te
hnis
he Universität Darmstadtfrom the �Modern University� proje
t, funded by the European So
ial Fund in the frame-work of the Human Capital programme.Mikoªaj Tar
halski, Andrzej KordyaszMS
 thesis of Mikoªaj Tar
halski, prepared under supervision of Dr. Andrzej Kordyaszfrom HIL, was awarded the se
ond prize in the 
ontest of the Polish Nu
lear So
iety forthe best MS
 theses on nu
lear physi
s and energy, whi
h were defended in 2010/2011.The thesis �Corre
tion of resistivity of Si wafers using Sele
tive Transmutation Doping�was defended at the Fa
ulty of Physi
s, Warsaw University of Te
hnology.



92 HIL Annual Report 2011D.5 Laboratory sta�Dire
tor: Krzysztof RusekDeputy dire
tors: Jarosªaw Choi«ski, Magdalena Zieli«ska1Finan
ial exe
utive: Paweª NapiorkowskiSenior s
ientists:Jerzy Jastrz�bski2, Jan Kowna
ki2, Andrzej Kordyasz, Ernest Piase
ki2,Ludwik Pie«kowski, Krzysztof Rusek, Józef SuraS
ienti�
 sta� and engineers:Tomasz Abraham, Andrzej Bednarek, Izabela Cydzik3, Jarosªaw Choi«ski,Bohdan Filipiak2, Przemysªaw Gmaj, J�drzej Iwani
ki3, Andrzej Jakubowski,Krzysztof Kilian, Ma
iej Kisieli«ski2, Marian Kopka, Mi
haª Kowal
zyk2,Ireneusz Mazur, Jan Mierzejewski, Jan Misz
zak, Paweª Napiorkowski, Mar
in Pala
z,Anna P�kal2, Daniel Pi�tak3, Mateusz Sobolewski, Olga Ste
zkiewi
z, Anna Stolarz,Julian Srebrny2, Dorota Sz
zepaniak, Roman Ta«
zyk, Radosªaw Tarnowski,Agnieszka Trz
i«ska, Marzena Woli«ska-Ci
ho
ka3, Magdalena Zieli«ska1Do
toral 
andidates:Katarzyna Hady«ska-Kl�k4, Grzegorz Jaworski5,Te
hni
ians:Mariusz Ant
zak, Tomasz Bra
ha, Marek Figat, Andrzej Góre
ki, Piotr Jasi«ski,Wiesªaw Kalisiewi
z, Woj
ie
h Koza
zka, Zbigniew Kruszy«ski, Piotr Krysiak,Krzysztof �ab�da-Dyszy, Zygmunt Morozowi
z, Bogusªaw Paprzy
ki,Wiesªaw Perkowski2, Andrzej Pietrzak, Krzysztof Pietrzak, Ryszard Pozorek,Irena Skrze
zanowska2, Krzysztof SosnowskiAdministration and support:Anna Bªasz
zyk-Duda, Marek Budziszewski, Rafaª Kl�k, Agnieszka Ma
iejewska,Ewa Soba«ska, Lidia Strzel
zyk, Krystyna Sz
zepaniak, Sylwester �wie
i
ki,Iwona Tomaszewska, Joanna Wasilewska, Wanda Wesoªy, Andrzej Wie
howski,Katarzyna Wªodar
zyk2
1till 30 September 20112part time3on long term leave4PhD student at the Institute of Experimental Physi
s, University of Warsaw5PhD student at the Fa
ulty of Physi
s, Warsaw University of Te
hnology



HIL Annual Report 2011 93D.6 Laboratory Coun
il1. Prof. dr hab. Józef AndrzejewskiNu
lear Physi
s Division,University of �ód¹90-236 �ód¹, ul. Pomorska 149/1532. Prof. dr hab. Janusz Braziewi
zInstitute of Physi
s,Jan Ko
hanowski University25-406 Kiel
e, ul. �wi�tokrzyska 153. Prof. dr hab. in». Andrzej ChmielewskiInstitute of Nu
lear Chemistryand Te
hnology03-195 Warszawa, ul. Dorodna 164. Prof. dr hab. in». Ja
ek JagielskiInstitute of Ele
troni
 Materialsand Te
hnology01-919 Warszawa, ul. Wól
zy«ska 1335. Prof. dr hab. Jerzy Jastrz�bskiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A6. Prof. dr hab. Marta Ki
i«ska-HabiorUniversity of Warsaw00-681 Warszawa, ul. Ho»a 697. in». Marian Kopka(representative of the HIL sta�)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A8. Prof. dr hab. Paweª KuleszaFa
ulty of Chemistry,University of Warsaw02-093 Warszawa, ul. Pasteura 19. Prof. dr hab. in». Tadeusz KulikWarsaw University of Te
hnology00-661 Warszawa, pl. Polite
hniki 110. Prof. dr hab. Adam MajThe Henryk Niewodni
za«skiInstitute of Nu
lear Physi
s,Polish A
ademy of S
ien
es31-342 Kraków, ul. Radzikowskiego 15211. Dr hab. Sªawomir NazarewskiMedi
al University of Warsaw02-091 Warszawa, ul. �wirki i Wigury 61

12. Prof. dr hab. Paweª OlkoThe Henryk Niewodni
za«skiInstitute of Nu
lear Physi
s,Polish A
ademy of S
ien
es31-342 Kraków, ul. Radzikowskiego 15213. Prof. dr hab. Marek PfutznerFa
ulty of Physi
s, University of Warsaw00-681 Warszawa, ul. Ho»a 6914. Prof. dr hab. Ernest Piase
kiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A15. Dr hab. Ludwik Pie«kowski(Chairman of the Coun
il)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A16. Prof. dr hab. Krzysztof PomorskiMaria Curie-Skªodowska University20-031 Lublin, ul. Radziszewskiego 1017. Prof. dr hab. Krzysztof Rusek(Dire
tor of HIL)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A18. Prof. dr hab. Teresa Rz¡
a-UrbanFa
ulty of Physi
s, University of Warsaw00-681 Warszawa, ul. Ho»a 6919. Prof. dr hab. Adam Sobi
zewskiThe Andrzej Soªtan Institutefor Nu
lear Studies00-681 Warszawa, ul. Ho»a 6920. Prof. dr hab. Henryk Szym
zakInstitute of Physi
s,Polish A
ademy of S
ien
es02-668 Warszawa, Al. Lotników 32/4621. Prof. dr hab. Grzegorz Wro
hnaThe Andrzej Soªtan Institutefor Nu
lear Studies05-400 �wierk k/Warszawy22. Prof. dr hab. Wiktor ZipperA. Cheªkowski Institute of Physi
sUniversity of Silesia40-007 Katowi
e, ul. Uniwersyte
ka 4



94 HIL Annual Report 2011D.7 Programme Advisory CommitteePAC members
• Dimiter Balabanski (University of So�a, Bulgaria)
• Konrad Czerski (Institute of Physi
s, University of Sz
ze
in; Physi
s Department,Te
hni
al University of Berlin)
• Bogdan Fornal (Henryk Niewodni
za«ski Institute of Nu
lear Physi
s, PolishA
ademy of S
ien
es, Kraków)
• Gilles de Fran
e (GANIL, Caen, Fran
e)
• Andres Gadea (University of Valenzia, Spain)
• Zenon Janas (Fa
ulty of Physi
s, University of Warsaw)
• Ni
holas Keeley (The A. Soªtan Institute for Nu
lear Studies, Warszawa)
• Rainer Lieder (University of Bonn, Germany)
• Piotr Magierski (Fa
ulty of Physi
s, Warsaw University of Te
hnology)
• Leszek Pró
hniak (Maria Curie-Skªodowska University, Lublin)
• Brunon Sikora (Fa
ulty of Physi
s, University of Warsaw)
• Wªadysªaw Trzaska (University of Jyväskylä, Finland)The international Programme Advisory Committee of the Heavy Ion Laboratory meetsusually twi
e a year, in spring and in autumn. The deadline for submitting proposalsis three weeks before a PAC meeting. PAC approved experiments are s
heduled at themeetings of the Users' Committee, whi
h also serves as a link between 
y
lotron usersand the Laboratory. The Users' Committee is 
haired by Julian Srebrny (HIL UW).
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ipants of HIL experiments and HIL guestsN. Alamanos CEA Sa
lay, Fran
eA.A. Amar Kazakh National University, Almaty, KazakhstanJ. Andrzejewski University of �ód¹, PolandP. Bednar
zyk The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandD. Bana± Holy
ross Can
er Centre, Kiel
e, PolandD. Balabanski So�a University �St. Kliment Ohridski�, So�a, BulgariaA. Bezba
h Joint Institute for Nu
lear Resear
h, Dubna, RussiaJ. Braziewi
z Institute of Physi
s, Jan Ko
hanowski University, Kiel
e, PolandJ. Chudyka University of Silesia, Katowi
e, PolandM. Ciemaªa The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandB. Cze
h The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandK. Czerski Institute of Physi
s, University of Sz
ze
in, Sz
ze
in, PolandJ. Czub Institute of Physi
s, Jan Ko
hanowski University, Kiel
e, PolandG. de Fran
e GANIL, Caen, Fran
eC. Droste Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandB. Fornal The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandA. Gillibert IRFU/SPhN, CEA Sa
lay, Gif-sur-Yvette, Fran
eE. Grodner Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandE. Her
zy«ska Gda«sk University of Te
hnology, Gda«sk, PolandZ. Janas Inst. of Exp. Physi
s, University of Warsaw, Warszawa, Poland�. Janiak Fa
. of Physi
s and Applied Computer S
i., U. of Lodz, �ód¹, PolandM. Jaskóªa The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandP.M. Jones Department of Physi
s, University of Jyväskylä, FinlandD. Karpi«ski Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandM. Kasztelan The National Centre for Nu
lear Resear
h, �ód¹, PolandU. Ka¹mier
zak Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandN. Keeley The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandK.W. Kemper Physi
s Department, Florida State University, Tallahassee, USAM. Ki
i«ska-Habior Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandS. Kli
zewski The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandM. Kmie
ik The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandP. Ko
zo« Gesells
haft für S
hwerionenfors
hung, Darmstadt, GermanyA. Korgul Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandA. Korman The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandE. Kosh
hiy Kharkiv National University, Ukraine, and Physi
s Department,Florida State University, Tallahassee, USAM. Kru
kov University of Bonn, GermanyA. Kryªow Joint Institute for Nu
lear Resear
h, Dubna, RussiaM. Krzysiek The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandW. Kur
ewi
z Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandS. Lewandowski Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandR. Lieder University of Bonn, GermanyM. Mazo

o University of Padova, Italy
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za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandG. MarquinezDuran University of Huelva, SpainI. Martel Bravo University of Huelva, SpainT. Matulewi
z Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandW. M�
zy«ski The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandC. Mihai So�a University �St. Kliment Ohridski�, So�a, BulgariaS. Myalski The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandT. Morek Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandM. Mutterer Gesells
haft für S
hwerionenfors
hung, Darmstadt, GermanyM. Niikura Institut de Physique Nu
léaire, Orsay, Fran
eS. Onoufrios Department of Physi
s, University of Ioannina, Ioannina, Gree
eA. Pakou University of Ioannina, Gree
eA. Pasternak A.F. Io�e Physi
al Te
hni
al Institute, St. Petersburg, RussiaN. Patronis University of Ioannina, Gree
eJ. Perkowski University of �ód¹, PolandL. Pró
hniak Inst. of Physi
s, Maria Curie-Sklodowska Univ., Lublin, PolandV.M. Pirnak Institute for Nu
lear Resear
h, Kiev, UkraineA.A. Rud
hik Institute for Nu
lear Resear
h, Kiev, UkraineA.T. Rud
hik Institute for Nu
lear Resear
h, Kiev, UkraineJ. Samoraj
zyk University of �ód¹, PolandA.M. San
hezBenitez University of Huelva, SpainO. Sgouros University of Ioannina, Gree
eB. Sikora Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandR. Siudak The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandJ. Skalski The National Centre for Nu
lear Resear
h, Otwo
k, �wierk, PolandV. Soukaras University of Ioannina, Gree
eI. Stefan Institut de Physique Nu
léaire, Orsay, Fran
eJ. Sty
ze« The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandE. Stiliaris University of Athens, Gree
eZ. Sze�i«ski Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandJ. Teterev Joint Institute for Nu
lear Resear
h, Dubna, RussiaA. Turowie
ki Inst. of Exp. Physi
s, University of Warsaw, Warszawa, PolandK. Tworek University of Silesia, Katowi
e, PolandW. Trzaska Department of Physi
s, University of Jyväskylä, FinlandS.F. Özmen Akdeniz University, Antalya, TurkeyA. Wil
zek The National Centre for Nu
lear Resear
h, �ód¹, PolandK. Zerva University of Ioannina, Gree
eM. Zi�bli«ski The H. Niewodni
za«ski Inst. of Nu
l. Physi
s PAN, Kraków, PolandW. Zipper University of Silesia, Katowi
e, PolandJ. �yli
z Inst. of Exp. Physi
s, University of Warsaw, Warszawa, Poland


