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HIL Annual Report 2012 5IntrodutionFor the �rst time in the history of our Laboratory the Annual Report ontains a largesetion devoted to radioisotopes for medial appliations. This is due to the realisationof an on-going programme begun some years ago for the prodution of and researh intoshort-lived isotopes with appliations in the diagnosis and therapy of aner. The mostimportant event in 2012 was the opening of the Radiopharmaeutials Prodution and Re-searh Centre, a division of our Laboratory. The onstrution of the Centre was supportedby grants from the Ministry of Siene and Higher Eduation, the International AtomiEnergy Ageny, the Ministry of Health, European Strutural Funds and the Universityof Warsaw. The Centre is equipped with a ylotron delivering intense beams of protonsand deuterons and is devoted to the routine, every-day prodution of the most lassiisotopes for Positron Emission Tomography. The opening eremony was followed by aninternational onferene on Positron Emission Tomography in Researh and Diagnostis(PETRAD2012) organised jointly by our Laboratory and Warsaw Medial University.Due to very hard work by our tehnial sta� the operation of the heavy-ion ylotronwas very stable during the whole year and the amount of beam-time hours delivered forexperiments ontinued an upward trend.One of our sienti� �speialities� is the investigation of the eletromagneti propertiesof nulei by means of Coulomb Exitation. In our laboratory we have all the neessarytools for suh studies: the experimental faility and the omputer program GOSIA, usedworld-wide to analyse experimental data of this type. An important role in the initiationof this sienti� programme was played by Professor Douglas Cline from the Universityof Rohester. This year he was awarded the Smoluhowski Medal of the Polish PhysialSoiety. The award eremony will take plae next year in Poznan, during the 42nd Meetingof the Polish Physial Soiety.After the good news must ome the bad. The main problem of suh a large experi-mental laboratory is always related to the available funds. The majority of our budget isprovided by the SPUB grant of the Ministry of Siene and Higher Eduation of Poland.It is alloated on a yearly basis and the funds are usually available at the end of Febru-ary/beginning of Marh. This year for the �rst time we had to wait until the end of Mayfor our funding to be released, whih aused us many very serious problems. Suh a situ-ation should never be repeated and our Sienti� Counil sent an appeal to the Ministryasking for hanges in the rules appliable to the alloation of our grant, prolonging theperiod from one to a few years. There are rumours that the Ministry is working in thisdiretion, giving us the hope that our �nanial situation will at last beome more normal.Prof. Krzysztof Rusek, Diretor of HIL
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HIL Annual Report 2012 9A.1 General informationK. Rusek, J. Choi«skiHeavy 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 Eduation, the PolishAademy of Sienes and the Polish Atomi Energy Ageny. It is the largest experimentalnulear physis laboratory in the ountry, equipped with a K=160 heavy-ion ylotron,unique not only in Poland, but also in Central Europe.The �rst beam was extrated in 1993 and sine that time HIL has been an e�e-tive �user faility�, serving up to the present time over 400 sientists from Poland andabroad and beoming a reognised element of the European Researh Area. Beam time isalloated by the Diretor based on the reommendation of the international ProgrammeAdvisory Committee (see Se. E.7). The only riteria are the sienti� merit of the projetand its tehnial feasibility. The researh programme (see Part C) is mostly foused onnulear and atomi physis, but materials siene, biologial and appliations studies alsoplay an important role and a signi�ant amount of the beam time is alloated for thesepurposes.Experimental teams may take advantage of permanent set-ups installed on the beamlines or use their own dediated equipment. Available apparatus inludes IGISOL � aSandinavian type on-line separator, CUDAC � a PIN-diode array partile detetionsystem, JANOSIK � a multi-detetor system onsisting of a large NaI(Tl) rystal withpassive and ative shields and 32-element multipliity �lter and ICARE, a harged partiledetetor system used for partile identi�ation and energy measurements, moved to HILfrom IReS Strasbourg. The most reent experimental tool, still being developed andimproved, is the EAGLE array � a multi-detetor γ-ray spetrometer, whih an be easilyoupled to anillary detetors like an internal onversion eletron spetrometer, a hargedpartile 4 π multipliity �lter (Si-ball), a sattering hamber equipped with 100 PIN-diodedetetors, a 60-element BaF2 gamma-ray multipliity �lter, a setored HPGe polarimeterand a plunger.Sine this year HIL has beome an aelerator entre, operating two ylotrons. Theseond mahine is a ommerial proton-deuteron ylotron whih will be used for theprodution of and researh with radiopharmaeutials for Positron Emission Tomography(PET). Prodution of long-lived radiopharmaeutials for other medial and life-sieneappliations is also foreseen.



10 HIL Annual Report 2012A.2 Cylotron operation in 2012 and tasks arried out in orderto improve the ylotron infrastruture and e�ienyJ. Choi«ski, A. Bednarek, P. Gmaj, W. Kalisiewiz, M. Kopka, B. Paprzyki,0. Stezkiewiz, J. SuraHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandOperationA steady downward trend in the beam-time delivered by the Warsaw Cylotron wasobserved in the years 2004�2010. This trend was the result of infrastruture ageing and thelak of su�ient funds for its restoration. Due to the great involvement of the Laboratoryteam and thanks to organisational e�orts, this trend was broken in 2011. Further work onimproving the tehnial infrastruture in 2012, although it has slightly redued the beamdelivered time to 2308 hours, will result in more stable operation in the oming years.Figure 1 shows the total number of beam hours delivered over the last eleven years.

Figure 1: Total ylotron beam time in the years 2002�2012.The monthly distribution of beam time in 2012 is presented in Fig. 2. Lower exper-imental ativity during July, August and September is orrelated with the traditionalsummer vaation.Main topis of the experiments are related to nulear physis researh, biologial re-searh, mahine development and beam tests. Beam time was also alloated to nationaland international student workshops, as in the previous few years. The prodution of
211At, initiated in 2010, was ontinued, in lose ollaboration with the Institute of Nu-lear Chemistry and Tehnology and the Henryk Niewodniza«ski Institute of Nulear
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Figure 2: Beam time distribution (hours) in 2012 per month.Physis of the Polish Aademy of Sienes in Kraków. The diversity of the experimentsperformed during 2012 is illustrated in Fig. 3.
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Figure 3: Distribution of beam-time (in hours) among di�erent experiments.In all the experiments, the involvement of young researhers, graduate and undergrad-uate students is traditionally large, whih is illustrated in Fig. 4. Detailed desriptionsof the experimental set-ups available at HIL an be found on the laboratory web page:www.slj.uw.edu.
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Figure 4: Number of users of Warsaw ylotron beams in 2012.A list of the experiments performed in 2012 is presented in Tables 1 and 2. Thefollowing aronyms are used in the table:
• HIL � Heavy Ion Laboratory
• Astana � Eurasia National University, Astana, Kazakhstan
• CEA�Frenh Alternative Energies and Atomi Energy Commission, Salay, Frane
• GANIL � GANIL, Caen, Frane
• GSI � Gesellshaft für Shwerionenforshung, Darmstadt, Germany
• HCCC � Holyross Caner Center, Kiele, Poland
• Hulubei � Horia Hulubei National Institute of Physis and Nulear Engineering,Buurest, Romania
• IB JKU � Institute of Biology, Jan Kohanowski University, Kiele, Poland
• IEP UW � Inst. of Experimnental Physis, Univ. of Warsaw
• INCT � Institute of Nulear Chemistry and Tehnology, Warszawa, Poland
• INP � The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland
• INPNNC Almaty � Institute of Nulear Physis of National Nulear Center, Al-maty, Kazakhstan
• JYFL � Department of Physis, University of Jyväskylä, Finland
• KNU Almaty � Kazakh National University, Almaty, Kazakhstan
• NCNR �ód¹ � The National Centre for Nulear Researh, �ód¹, Poland
• NCNR �wierk �The National Centre for Nulear Researh, Otwok, �wierk, Poland
• NCU Toru« � Niolaus Copernius University, Toru«
• NU Kharkiv � Kharkiv National University, Kharkiv, Ukraine
• Tanta � Faulty of Siene, Tanta University, Tanta, Egypt
• U� � Fa. of Physis and Applied Computer Si., U. of Lodz, �ód¹, Poland
• US � University of Silesia, Katowie



HIL Annual Report 2012 13Table 1: Experiments performed in 2012 � part 1Dates Ion andEnergy Experiment Leadinginstitution Collaboratinginstitutions18, 19, 24.01 20Ne+4

4He+1

Test of new ion soureand injetion line HIL07.02�08.02 4He+1 4He+1

40Ar+8

Test of new ion soureand injetion line HIL14.02�23.02 16O+490 MeV EAGLE U� HIL,NCNR �wierk,IEP UW29.02�09.03 16O+490 MeV Student workshop HIL12.03�16.03 4He+1 211At prodution HIL US, INCT, INP19.03�30.03 20Ne+472 MeV ICARE HIL NCNR �wierk,NU Kharkiv, INP,GSI, IEP, JYFL04.04 20Ne+4 Test of the ylotron HIL16.04�27.04 16O+342 MeV ICARE INPNNCAlmaty HIL,NCNR �wierk,INP, Kurhatov,U. St. Petersburg,KNU Almaty,Tanta, Astana07.05�11.05 14N+385 MeV IGISOL IEP UW HIL,NCNR �wierk,NCNR �ód¹Improvements and future projetsThe possibility of hanging the mirror in�etor to one of spiral type was investigated inorder to enlarge the sope of aelerated beams and to improve the in�etor transmissionoe�ient. This work is also related to the major hanges in the design of the entral partof the ylotron. This gives a hane to overome the main obstale from the point of viewof the ion optis in the entre, that is to remove the onstrutional pillars. Mehanialmeasurements in the internal part of the ylotron were made over the summer and apreliminary design for the spiral in�etor and the new entral part was �nished at the endof 2012. The fabriation and installation of the new elements in the ylotron is sheduledfor the seond half of 2013 in ollaboration with speialists from JINR, Dubna. The �rsttrial runs with this new on�guration are planned for Deember 2013.



14 HIL Annual Report 2012Table 2: Experiments performed in 2012 � part 2Dates Ion andEnergy Experiment Leadinginstitution Collaboratinginstitutions22.05�23.05 12C+3 Biology IEP UW,IB JKU HIL, HCCC,NCNR �wierk,NCU Toru«, INCT28.05�01.06 4He+1 211At prodution HIL US, INCT, INP11.06�15.06 40Ar+8182 MeV EAGLE U� HIL,NCNR �wierk,IEP UW25.06�29.06 12C+250 MeV Biology IEP UW,IB JKU HIL, HCCC,NCNR �wierk,NCU Toru«, INCT02.07�06.07 32S+583 MeV Student workshop HIL10.07�13.07 19F+472 MeV EAGLE IEP UW HIL,NCNR �wierk, U�,Hulubei08.10�12.10 16O+3 Test of the ylotron HIL22.10�24.10 20Ne+354 MeV Student workshop HIL25.10�26.10 32S+5 Test of the ylotron HIL05.11�23.11 32S+595 MeV EAGLE CEA,KU Leuven HIL, IEP UW,NCNR �wierk, U�,GANIL26.11�27.11 16O+4 Test of the ylotron HIL04, 05, 08.12 16O+4 Test of the ylotron HIL10.12�14.12 4He+1 211At prodution HIL US, INCT, INPA measuring bar for magneti measurements in the median plane of the ylotron wasdesigned but the fabriation of the system was postponed to 2014 due to lak of �nanialsoures and shortages in manpower. These measurements are needed to improve thetransmission fator during aeleration, espeially for the new ECR ion soure operatingwith at least 5 kV higher extration voltage in omparison to the old one. Work to improve



HIL Annual Report 2012 15the transmission in the ylotron vertial line using the eletrostati quadrupoles has alsobeen arried out in 2012.Some experiments require good ontrol of the beam duty fator. A series of exper-iments was thus arried out to design a hopper system in the injetion line. A modelsystem was fabriated and preliminarily heked. The system will be �nally developed in2013.Due to the ageing of the ylotron, in 2012 tehnial fores were foused on improvingthe tehnial infrastruture. One of the most important improvements of the ylotronfuntionality will be ahieved with replaement of the RF ampli�ers, some of the powersupplies and ruial parts of the vauum system. A series of tenders were soliited in2012 to hoose a supplier for the RF ampli�er. Unfortunately no satisfatory o�ers werereeived. A new tender is sheduled for 2013.HIL has joined the European EMILIE projet whih aims at the improvement of hargebreeder e�ieny. The purpose of partiipating in this projet is to inrease knowledgeand praties onerning ion soures of the ECR type.



16 HIL Annual Report 2012A.3 EAGLE � the entral European Array for Gamma LevelsEvaluationJ. Mierzejewski1 , J. Srebrny1 , M. Kowalzyk1 ,2 , M. Kisieli«ski1 ,3 T. Abraham1 ,M. Komorowska2 ,1 , Ch. Droste2 , E. Grodner2 , T. Marhlewski1 ,2 , J. Andrzejewski4 ,J. Perkowski4 , J. Samorajzyk4 , �. Janiak4 , K. Hady«ska-Kl�k1 , P. Napiorkowski1 ,K. Wrzosek-Lipska1 ,5 , M. Zieli«ska6 J. Iwaniki11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) The National Centre for Nulear Researh, Otwok, �wierk, Poland4) Faulty of Physis and Applied Computer Siene, University of Lodz, �ód¹, Poland5) Instituut voor Kern- en Stralingfysia, K.U. Leuven, Leuven, Belgium6) IRFU/SPhN, CEA Salay, Gif-sur-Yvette, FraneThe EAGLE array (entral European Array for Gamma Levels Evaluations [1℄, Fig. 1)has been designed as a multi-on�guration detetor set-up for in-beam nulear spe-trosopy studies at the Heavy Ion Laboratory of the University of Warsaw. The EAGLEollaboration ombines over 60 sientists from 20 institutes all around Europe. The arrayan aommodate a maximum of 30 Compton suppressed Ge detetors oupled to variousanillary devies, suh as a onversion-eletron spetrometer, the Köln-Buharest plunger,a ompat sattering hamber equipped with 110 PIN diodes plaed at bakward angles,the 4π inner ball onsisting of 60 BaF2 rystals and a 30 element 4π silion detetor ar-ray. Until June 2011 EAGLE was equipped with 12 ACS HPGe detetors and had a totalphoto-peak e�ieny of 0.5% at 1.3 MeV. This initial on�guration was replaed by aon�guration with 15 Eurogam Phase1 ACS HPGe detetors loaned by GAMMAPOOL,with a photo peak e�ieny equal to 1.8%. In addition, 5 GASP-type ACS HPGe dete-tors were used in spring 2012 by ourtesy of the JUROGAM II ollaboration, inreasingthe photo peak e�ieny to 2.4%.The sienti� ase of the EAGLE projet fouses on the phenomenon of spontaneoussymmetry breaking in atomi nulei. Experiments performed during the EAGLE am-paigns (Otober 2011�June 2013) revolved around three main researh axes:Experimental study of hiral symmetry breakingFollowing the researh that led to the disovery of the spontaneous hiral symmetry break-ing phenomenon in 128Cs [2℄ and 126Cs [3℄, DSAM lifetime measurements of the exitedstates of the hiral partner bands in 124Cs were performed. Preliminary results [4℄ indiatethe �rst observation of the ritial frequeny in nulear hiral rotation [5℄.Tests of K-quantum number onservation: studies of K-isomers by ombinedgamma and internal onversion eletron spetrosopyThe ollaboration ontinued researh on the role of triaxiality in the breaking of K seletionrules that was demonstrated to be important in the deay of the Iπ = Kpi = 8− isomeristate in 132Ce (N = 74) [6℄. In 2012, the deay of K-isomers in 134Nd (N = 74) and 184Pt(N = 106) was studied.
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Figure 1: EAGLE γ-ray spetrosopy array at HIL.Shape oexistene and shape evolution studied by measurements of transitionprobabilitiesTo omplement the Coulomb exitation measurement of 42Ca arried out in the �rstrun of AGATA at LNL, an experiment was performed aiming at re�nement of the lowspin level sheme of this nuleus. The exited states in 42Ca were populated in the
12C(32S,2p)42Ca reation. The results are ruial for the analysis of the COULEX data [7℄.Moreover, EAGLE was oupled to the Köln-Buharest plunger devie in order to measurethe lifetimes of low-lying states in 140Sm and 125Cs. The 140Sm experiment omplementsthe COULEX measurements performed at the REX-ISOLDE faility. Two COULEX runswith 32S beams were performed: 107Ag and 70Zn.The above mentioned experiments form the basis of 6 on-going PhD theses and sev-eral MS and BS projets. A workshop devoted to EAGLE experiments was organ-ised at HIL in January 2012 � see the programme at http://www.slj.uw.edu.pl/en/experiments/eagle/PAC-EAGLE-pgmJan2012v2.pdf. Besides the rih sienti� pro-gramme, the EAGLE array is also used for teahing and training purposes, espeially inthe students workshops organised at HIL [8, 9℄.
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HIL Annual Report 2012 19A.4 Maintenane of 20 HPGe GAMMAPOOL detetors duringthe experimental ampaign at HIL in 2012T. Abraham, M. Kisieli«skiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandTwenty High Purity Germanium detetors (HPGe) as well as 15 BGO anti-Comptonshields arrived at the Heavy Ion Laboratory in July 2011. The detetors were transferredto HIL for use in experiments with the European Array for Gamma Levels Evaluations(EAGLE) [1, 2℄ in the period July 2011 till June 2013, within the framework of theGAMMAPOOL ollaboration.The equipment was tested after arrival and 16 HPGe detetors and all 15 BGO shieldsmet the requirements for use in EAGLE [1℄. In 2012 the detetors were employed in6 experiments, with a total in-beam time of 45 days. The HPGe detetors while in usein-beam su�er so-alled neutron damage. The neutrons produed in nulear reationshit the germanium rystal in the detetor and ause disturbanes in its rystal network.This e�et impairs the performane of the detetors by inreasing the noise, worseningthe energy resolution. The a�eted detetor may be ured by a proess of annealing. Thewhole annealing yle lasts one week and in HIL it is possible to anneal two detetors ata time, using two regeneration set-ups (see Fig. 1), loated in the detetor laboratory [2℄.In 2012 the annealing proess was performed 28 times to ensure the detetors used inexperiments provided results of the highest possible quality.

Figure 1: HPGe detetor regeneration set-ups at HIL.In autumn 2012, one member of the sta� responsible for the quality of the germaniumdetetors took part in a one week training ourse at CEA Salay (Frane). The workshopwas foused on repairing and testing germanium segmented detetors and their ryostats,and methods of supplying the detetors with liquid nitrogen. The training was providedas a part of the STT-LPP ERASMUS programme.Bibliography[1℄ J. Mierzejewski et al., Nul. Inst. and Meth. A659 (2011) 84[2℄ J. Mierzejewski et al., HIL Annual Report 2010, page 24[3℄ T. Abrahan et al., HIL Annual Report 2011, page 21



20 HIL Annual Report 2012A.5 High voltage supplies for the HIL injetion lineM. Sobolewski, J. Miszzak, Z. Kruszy«skiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandA set of eight high voltage power supplies was required to power up the eletrostatilenses in the ylotron injetion line [1℄. The eletrial requirements for the supplies weremodest (up to 1 kV of voltage, and up to 1 mA of urrent), but additional onstraints likeswithable polarity, hangeable on�guration (steering-quadrupole), loal/remote ontrolfor both the power supply and the high voltage swith, made the whole design moreompliated. Sine the power supplies work basially in pairs, it was deided to buildin-house four dual power supplies to simplify the HV swithes and the ontrol iruitry,instead of buying single output power supplies and designing and building an elaborateswithing matrix, as well as the assoiated ontrol and protetion iruitry. The supplieshave loal digital read-out, output over-urrent protetion, voltage stability, and otherparameters similar to omparable ommerial units, and have performed �awlessly sinetheir installation in mid 2012.Bibliography[1℄ J. Choi«ski et al., HIL Annual Report 2011, page 16A.6 RF team ativity reportA. Bednarek, T. Braha, K. SosnowskiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2012, the RF generator team handled about 15 planned experiments, several testsand international student workshops. During this period, in spite of the RF team e�orts,a number of generator system failures ourred. These were mainly due to the naturalwear of the omponents.At the beginning of the year we had to deal with the loss of the insulating propertiesof the Te�on insulators in the oupling loop of resonators A and B. The reason was thedeposition of a metalli layer on the insulators due to the long lasting operation of theylotron.In the middle of the year we overhauled the high-voltage power supplies in generator Aand B. We also replaed a broken apaitor in the driver ampli�er �Henry� in generator A.There was also a water leak in the ooling system of generator A. Operators were warnedin time by an alarm installed last year. We replaed the ooling water hoses of the powerstage.Before the summer break we repaired orroded ground onnetion of the variablevauum apaitor of the anode resonant system of the power stage. We �xed the wornout ardan joint of the mehanial system for tuning this apaitor. Before the holidaysthere was a failure of the resonator oupling loop A. We replaed the sealing elementsfrom the side of the feeder and from the side of the impedane mathing apaitor. At theend of the year there was a failure of the variable vauum apaitor of the anode powerstage A. The apaitor has been replaed. It was deided to supplement the reserve ofthese apaitors.



HIL Annual Report 2012 21A.7 Ativity report of the eletrial support groupM. Kopka, W. Kozazka, P. Krysiak, Z. Morozowiz, K. PietrzakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandAtivities of the eletrial support group in 2012 were mainly foused on maintainingthe existing eletrial infrastruture. The group also dealt with the repair of failed powersupplies. A set of power supplies whih power optial devies in the beam lines areending their tehnial lives therefore it was deided to gradually replae them with newmodels. This projet requires major hanges in the energy infrastruture as well as theontrol methods and software. The implementation of the new system started in April2012. Conseutive steps are planned over the next years depending on available funds. Inpartiular the following major repairs and out of routine tasks were arried out in 2012:
• Repair and adjustment of power supplies UZ1, UZ2, and the power supplies of thequadrupoles.
• Supervising work on assembling the new power swithing station RGW, to powerthe high frequeny generators and the PET Laboratory.The following routine measurements and maintenane proedures were performed:
• Measurement and maintenane of power supplies, eletromagnets and the wiring ofthe laboratory equipment.
• Measurement and maintenane of the eletrial power system and the eletrialinstallation, inluding lighting inside and outside of the HIL building.In addition, �ve members of the eletrial support group performed regular ylotronoperator duties aording to the shedule of experiments. They also partiipated in thesiene popularisation and teahing ativities at HIL: guided tours of the faility, PolishWorkshop of Aeleration of Heavy Ions, International Workshop on Aeleration andAppliations of Heavy Ions, and Festival of Siene.



22 HIL Annual Report 2012A.8 Eduational and siene popularisation ativities at HILA. Trzi«ska1 , K. Hady«ska-Kl�k1 ,2 , M. Zieli«ska3 , G. Jaworski1 ,4 , K. Kilian1 ,P.J. Napiorkowski1 , M. Palaz1 , K. Rusek1 , J. Srebrny1 , O. Stezkiewiz11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) IRFU/SPhN, CEA Salay, Gif-sur-Yvette, Frane4) Faulty of Physis, Warsaw University of Tehnology, Warszawa, PolandFor many years the Laboratory has been strongly involved in eduation and sienepopularisation. Guided tours at HIL have beome a regular ativity. These �live� lessonson the ylotron and nulear physis ontinue to enjoy popularity in high shools, inludingones from outside Warsaw. During the guided tour visitors an see the ontrol room andthe ylotron, and get aquainted with the failities installed in the Laboratory, as well asthe experiments performed here. Short letures providing a basi introdution to nulearphysis and the priniples of ylotron operation are also o�ered, espeially to high shoolstudents. Tours are free of harge.In 2012, 25 groups (almost 700 people) visited our Laboratory. High-shool lasseswere the largest ategory of visitors, but we also welomed students from faulties of theUniversity of Warsaw: Physis and Biology, as well as from the Maria Curie-SkªodowskaUniversity in Lublin, and the Warsaw University of Tehnology. Partiipants in the Sum-mer Shool of Physis organised by the Faulty of Physis, University of Warsaw, andgroups of physis teahers were also among our visitors.In September HIL partiipated in the annual Festival of Siene for the 16th time.Besides the standard series of so-alled Festival Lessons on physis for seondary shoollasses, we prepared a series of letures and shows on subjets related to nulear physisand its appliations in tehnology and mediine. These meetings took plae on 21 Septem-ber and were aompanied by guided tours of the ylotron. In the framework of theFestival of Siene, we also organised the �nal presentation of the EUREKA ontest forthe most talented seondary shool pupils, who prepared speial projets in physis orhemistry.On May 19, 2012, more than 500 guests of di�erent ages and bakgrounds visited HILon the oasion of the �European Night of Museums�. In this event, not only museumsremain open late into the evening, but also other institutions whih are not normallyaessible (e.g. ministries, embassies, sienti� institutes, et.) open their doors to thegeneral publi. Traditionally, guided tours of the faility attrated most attention, butour guests ould also enjoy a performane of the improvisational theatre LUBIETO, listento a speial onert given by young musiians supported by the Polish Children's Fundor partiipate in a measurement of natural radioativity.The Eighth Polish Workshop on the Aeleration and Appliations of Heavy Ions wasorganised at HIL in Otober 2012 (see Se. A.9 of this Report), and for the third timewe also hosted an international version of the workshop (Se. A.10). For the �rst timewe organised a one week �Summer Shool on the Aeleration and Appliations of HeavyIons� for nulear physis students (Se. A.10). HIL sta� members are also engaged insupervising MS and PhD theses � see Se. E.1.



HIL Annual Report 2012 23A.9 Polish Workshop on the Aeleration and Appliations ofHeavy IonsP.J. Napiorkowski1 , A. Trzi«ska1 , T. Abraham1 , P. Gmaj1 , K. Hady«ska-Kl�k1 ,2 ,M. Komorowska1 ,2 , M. Kowalzyk1 ,2 , K. Kilian1 , T. Marhlewski1 ,2 J. Mierzejewski1 ,M. Palaz1 , A. P�kal1 ,3 , E. Piaseki1 , J. Srebrny1 , O. Stezkiewiz1 , A. Stolarz1 ,I. Strojek41) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) Faulty of Chemistry, University of Warsaw, Warszawa, Poland4) The National Centre for Nulear Researh, Otwok, �wierk, PolandThe Polish Workshop on the Aeleration and Appliations of Heavy Ions has beenorganised at HIL every year sine 2005. It is intended for students of �rst yles studiesinterested in nulear physis, and o�ers them a unique opportunity to gain experienein methods of data aquisition and analysis, in operating the ylotron inluding beamdiagnostis measurements, and in harged partile and gamma-ray detetion tehniques.In 2012 the Workshop was organised as a general university ourse for the �rst time.The new status attrated to the Workshop 5 students from the University of Warsaw.They attended letures and pratial training together with 15 students who ame fromother Polish universities: 6 from the University of Silesia, 4 from the Jagiellonian Uni-versity in Kraków, 2 from the Adam Mikiewiz University in Pozna«, 2 from SzzeinUniversity and 1 student from the Maria Curie Skªodowska University in Lublin. TheWorkshop was onluded by student presentations � eah group prepared a 20 minutetalk on their measurements and results.In 2012, the programme of letures was as follows:
• Presentation of HIL (K. Rusek);
• Radioprotetion at HIL (R. Ta«zyk);
• Introdution to heavy ion aeleration and elements of ion optis (O. Stezkiewiz);
• Radiopharmaeutials for Positron Emission Tomography (K. Kilian).
• Detetion of gamma radiation, harged partiles and neutrons (M. Palaz);
• In-beam gamma spetrosopy (P. Napiorkowski);
• Targets for nulear physis (A. Stolarz),
• Radioative deays as a soure of nulear struture information (Z. Janas),
• Nulear reators and power plants (P. Olbratowski),Students took part in the following experimental tasks:
• Beam fousing in heavy ion aeleration;
• Beam energy measurements based on Rutherford sattering;
• Identi�ation of exited bands in gamma-gamma oinidenes;
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• Thin target prodution and thikness ontrol;
• Measurement of 137Cs ativity in environmental samples;
• Radiopharmaeutials - produtions and quality ontrol .The inlusion in the programme of a task related to radiopharmaeutials beame pos-sible thanks to the newly opened faility at HIL � The Radiopharmaeutials Produtionand Researh Centre. The students got aquainted with various hemistry tehniques usedin medial appliations of nulear physis.



HIL Annual Report 2012 25A.10 International student training programmes at HILM. Zieli«ska1 , A. Trzi«ska2 , I. Boztosun3 , I. Martel4 , S. Lalkovski51) IRFU/SPhN, CEA Salay, Gif-sur-Yvette, Frane2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Akdeniz University, Antalya, Turkey4) University of Huelva, Huelva, Spain5) So�a University �St. Kliment Ohridski�, So�a, BulgariaNulear physis students have often quite limited possibilities to beome aquaintedwith modern sienti� apparatus. Low quality and out-of-date equipment as well as thebasi, uninspiring harater of laboratory exerises are among the main omplaints instudent questionnaires onerning laboratories at physis faulties in Poland.To meet the needs of Polish nulear physis students, the Heavy Ion Laboratory or-ganised the �rst Workshop on the Aeleration and Appliations of Heavy Ions in 2005,whih, after the suess of the �rst edition, has been repeated every year sine [1℄. Ingeneral, the workshops were very well reeived by partiipants, who appreiated espeiallythe possibility of performing nulear physis measurements using real sienti� equipment,used every day for researh, and the experiene of work in an aelerator laboratory. Theevaluation showed, however, that the partiipants judge the time alloated for the work-shop (6 working days) as being too short to fully bene�t from it. Larger working groups(4 persons and more) were also disfavoured.These remarks were taken into aount when organising the International Workshopson the Aeleration and Appliations of Heavy Ions [2℄ based on this onept. A onsor-tium of four universities: University of Warsaw, University of Huelva (Spain), So�a Uni-versity �Saint Kliment Ohridski� (Bulgaria) and Akdeniz University in Antalya (Turkey)obtained signi�ant �nanial support from the ERASMUS LLP Programme for three edi-tions of this event. In order to be eligible for this type of funding (under the so-alledErasmus Intensive Programme initiative), several onditions onerning the duration andintensity of the ourse as well as the number of foreign partiipants had to be ful�lled.Only students a�liated to partner institutions forming the onsortium an bene�t fromthe ERASMUS �nanial support that we reeived. The workshop is integrated in theteahing programmes at the partner institutions: students from Warsaw, Huelva and An-talya reeive ECTS redits upon suessful ompletion of the ourse, and in Huelva ithas beome a mandatory ourse for the seond yle of studies in the �eld of nulearengineering.In 2012, the programme of letures inluded subjets suh as target preparation, pre-sentation of various experimental tehniques as well as appliations of nulear methods inother �elds, for example mediine and nulear energy. B. Fornal, P. Olko, K. Mazurek (In-stitute for Nulear Physis, Kraków), N. Alamanos, C. Simenel, M. Zieli«ska (CEA Salay,Frane), K.W. Kemper (Florida State University, Tallahassee, USA), I. Martel (Univer-sity of Huelva, Spain), I. Boztosun (Akdeniz University, Antalya, Turkey), S. Kistryn(Jagiellonian University, Kraków), K. Czerski (University of Szzein) and L. Próhniak(Maria Curie-Sklodowska University in Lublin), were among the leturers along with sev-eral researhers from HIL (K. Rusek, A. Stolarz, M. Palaz, L. Pie«kowski, K. Kilian) andthe Institute of Experimental Physis, University of Warsaw (Z. Janas, T. Matulewiz).



26 HIL Annual Report 2012Twenty students (Fig. 1) from four ountries took part in the following experimentaltasks:A. Gamma-ray spetrosopy (supervisors: M. Palaz, T. Abraham);B. Rutherford sattering (supervisors: J. Iwaniki, J. Srebrny, I. Strojek);C. Nulear reations � experimental (supervisors: I. Martel, K. Kemper, I. Strojek);D. Nulear reations � theory (supervisors: K. Rusek, I. Boztosun, N. Keeley)E. TOF measurements with sintillators (supervisor: V. Kozhuharov) and partile de-tetor tests (supervisor: A. Kordyasz);F. Fast timing (supervisors: K. Hady«ska-Kl�k, P.J. Napiorkowski)G. Measurements of ativity in biologial samples (supervisor: A. Trzi«ska) + prepa-ration of targets for nulear physis (supervisors: A. Stolarz, A. Trzi«ska)

Figure 1: Partiipants and teahers of the II International Workshop on the Aelerationand Appliations of Heavy Ions, HIL, 26 February � 10 Marh 2012Student presentations in the form of 20 minute talks on the measurements and resultsof eah team, onluding the workshop, were assessed by an external international juryonsisting of four speialists in the domain of nulear physis.The funding from the LLP Erasmus Programme annot be extended beyond threeyears and thus an e�ort has been made to preserve this initiative beyond the period ofsupport. The �rst edition of the Summer Shool on the Aeleration and Appliationsof Heavy Ions [3℄ took plae at July 1-7, 2012, and attrated 11 students from Armenia,Belgium, Croatia, Italy, Poland, Russia and Spain (Fig. 2). The letures and studentexerises prepared for the two-week workshop were used after neessary adaptation tothe shorter duration of the shool. The task supervisors were mostly from outside HIL(N. Patronis � University of Ioannina, Greee, K. Wrzosek-Lipska � KU Leuven, Belgium,M. Zieli«ska � CEA Salay, Frane, A. Stolarz, A. Trzi«ska � HIL).To the best of our knowledge, apart from the Workshops on the Aeleration andAppliations of Heavy Ions organised at HIL, there is no other training of this kind o�eredby European aelerator entres. Existing training programmes and summer shools donot provide aelerator beam time and sophistiated equipment for teahing purposes
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Figure 2: Partiipants and teahers of the Summer Shool on the Aeleration and Ap-pliations of Heavy Ions, HIL, 1�7 July 2012only: the ommon pratie is to inorporate students into researh groups and assign themroutine and sometimes unskilled tasks. In this aspet, our projet is unique and innovative:it o�ers real hands-on experiene with modern equipment and an opportunity to work inan international group on an open problem. In addition to spei� knowledge on methodsof data aquisition and analysis, in operating the ylotron (inluding beam diagnostismeasurements) and in harged partile and gamma-ray detetion tehniques, partiipationin the workshop enables the students to develop their teamwork and ommuniation skillsas well as their ability to deal with open questions and to think ritially. The projetenourages both student and teaher mobility and strengthens the existing ollaborationbetween partiipating institutions.Bibliography[1℄ P.J. Napiorkowski et al, this Report, page 23[2℄ Workshop website: http://www.slj.uw.edu.pl/workshop[3℄ Summer Shool website: http://www.slj.uw.edu.pl/summershool
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HIL Annual Report 2012 31B.1 The Opening Ceremony of the Radiopharmaeutials Pro-dution and Researh Centre at the Heavy Ion Laboratoryof the University of Warsaw, May 15, 2012, followed by anInternational Conferene PETRAD2012aJ. Choi«ski, J. Jastrz�bskiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandTwo important events happened at the Heavy Ion Laboratory of the University ofWarsaw in May this year. First, on May 15 the new Radiopharmaeutials Produtionand Researh Centre (RPRC) was inaugurated by the Retor Elet, Prof. Marin Paªys.The onstrution of this Centre, loated on the premises of the Laboratory, was supportedby grants from the Ministry of Sienes, International Atomi Energy Ageny, Ministry ofHealth and European Strutural Funds. General Eletri Medial System Company wasthe main ontrator for the adaptation of the building and the provision of the PETtraeproton/deuteron ylotron together with the FDG prodution line.

Figure 1: Opening eremony guests.The ylotron of the RPRC is the seond aelerator operated by the Laboratory,where the �rst mahine, aelerating heavy ions, was launhed in 1993 for fundamentalresearh in nulear physis and its appliations. The existene of an exellent aeleratoronstrution and operation team together with a nearby Nulear Mediine Department atthe Warsaw Medial University Clinial Hospital was the main rationale for the develop-ment of the Laboratory into the domain of medial radioisotope and radiopharmaeutialsprodution.Besides the 100 miro-Amperes proton mahine, the new Centre onsists of two adja-ent laboratories equipped with hot ells, radiopharmaeutial synthesisers and dispensers.The �rst laboratory is devoted to the routine, every-day prodution of the most lassiaText originally published in Nulear Mediine Review 2012, 15, 2:85�86
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Figure 2: Opening eremony guests.PET radiopharmaeutial: �uoro-deoxy-gluose (FDG) with the intention to be the sup-plier of at least the Warsaw PET ameras. The seond Laboratory is intended to performresearh on new innovative radiopharmaeutials and to produe radiopharmaeutialsbased on 11C for pre-linial researh at the neighbouring Nulear Mediine Department.The prodution of 15O is also onsidered for perfusion researh at this Department. Tothis end, however, a apillary underground onnetion between the two Laboratories willneed to be onstruted. The well equipped Quality Control Laboratory ompletes theRPRC faility.During the opening eremony, attended by more than a hundred of partiipants fromWarsaw, elsewhere in Poland and from abroad, group visits were organised, allowingour guests to beome aquainted not only with the new Centre but also with the wholeLaboratory with its large, heavy ion aelerator and experimental stations.On the evening of the following day a Get Together party for the partiipants of thePositron Emission Tomography in Researh and Diagnostis (PETRAD2012) Interna-tional Conferene was organised in the Laboratory Building. The Conferene was openedon May 17 and lasted till mid-day of May 19. 140 Conferene partiipants ame from 29di�erent ountries, both within Europe and further a�eld. They heard 14 invited talkspresented by world lass speialists in Positron Emission Tomography and a number ofontributed ommuniations. They ould also attend the Poster Session and selet threebest posters for oral presentation. (see Nulear Mediine Review Vol. 15, SupplementA for the Conferene Abstrats). The Conferene Proeedings will be published as aSupplement to NMR.



HIL Annual Report 2012 33B.2 The Radiopharmaeutials Prodution and Researh Centreat the Heavy Ion Laboratory of the University of WarsawbJ. Choi«ski, J. Jastrz�bski, K. Kilian, I. Mazur, P.J. Napiorkowski, A. P�kal,D. SzzepaniakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIntrodutionAt the beginning of this entury, after more than six years suessful operation of theU-200P heavy ion ylotron and after the installation of the home-made ECR ion soure,the Heavy Ion Laboratory (HIL) management deided that a new diretion in the devel-opment of the Laboratory was neessary in order to maintain its vitality and plae at theforefront of the Polish researh infrastruture.After profound internal disussions followed by the approval of the Laboratory Sien-ti� Counil the deision was taken that from a number of options onsidered the mostappropriate would be the installation on the premises of HIL of a new, ommerial y-lotron for the prodution of medial radioisotopes, with speial emphasis on those usedfor Positron Emission Tomography (PET).At that time PET tehniques had not yet been introdued in Poland. The motivationof the deision taken was mainly based on two arguments. First, the Laboratory team hadlong experiene and expertise unique in Poland in ylotron operation, so the installationof a seond mahine of this type at HIL should not give major running problems. Anotherargument was the viinity of the Nulear Mediine Department of the (at that time)Warsaw Aademy of Mediine where the installation of a PET sanner was seriouslyonsidered.Two major events ourred at the beginning of 2003. In February the �rst PET Centrein Poland was inaugurated at the Onology Centre of the Prof. Lukaszzyk Memorial Hos-pital in Bydgoszz with a 10 MeV proton ylotron and PET/CT sanner. This pioneeringinitiative �naned by Hospital funds had an enormous impat on the promotion of thisbranh of nulear mediine in Poland. Similar funding was not imaginable in the ase ofthe HIL projet. Instead, a Warsaw Consortium for PET Collaboration was organised byHIL together with the Nulear Mediine Department with the objetive of obtaining theneessary funding to reate a prodution entre for PET radiopharmaeutials in Warsaw.Soon twenty Warsaw sienti� and diagnosti entres had adhered to the Consortium.In the seond half of the same year a proposal was submitted to the InternationalAtomi Energy Ageny (IAEA) for support of the projet within the Tehnial Coop-eration Program aiming at the installation at HIL of a ommerial ylotron for theprodution of PET radioisotopes. This proposal was strongly supported by the Ministerof Sienes and the Minister of Health, with delarations to ontribute substantially tothe ost of this projet. A ruial step was the �nal deision by the Minister of Sienes,taken at the end of 2004, to alloate to this projet a grant of 10 Mzª for the adaptation ofthe building and purhase of equipment, shortly followed by a seond grant alloated bythe IAEA of the order of 1 MUS$ for the purhase of the ylotron. In the following yearsbText originally published in Nulear Mediine Review 2012, 15, Suppl. C: C5�C8



34 HIL Annual Report 2012onseutive grants from the Ministry of Health and European Strutural Funds allowedalmost all the neessary funds to be olleted and eventually ompleted, during the �nalonstrution phase, by the University of Warsaw. The partiipation of the IAEA in theprojet was not limited to the purhase of equipment; its whole realisation was aided bythe Ageny's expertise in the planning of the site design, tender preparation and launh-ing, and by its ontribution to the training of the Laboratory team during a number ofyears before ompletion of the projet.Projet implementationAfter many months of preparation, in February 2006 the Ageny launhed a turn-keytender for the omplete exeution of the Radiopharmaeutials Prodution and ResearhCentre (RPRC present name) at the premises of the Heavy Ion Laboratory. The tenderinluded the adaptation of the building, the ylotron and the equipment for the FDG(�uoro-deoxy-gluose) prodution line. At the end of the same year the General EletriMedial Systems Company was delared as the suessful bidder. The above mentionedsuessive grants allowed a more extended (in omparison with the tender terms) om-pletion of the Centre projet, desribed in more detail below.The very fat that all the funds olleted for the onstrution of the Centre werenot available at the moment of the tender launh substantially delayed the ompletionof the projet. A number of unexpeted events also ontributed to the aumulateddelays. Fortunately, during the �rst half of this year all building adaptation and equipmentinstallation work was ompleted and on May 15, 2012 the Centre was o�ially inauguratedby the Retor Elet of the University of Warsaw [1℄.Desription of the entreProjet rationaleFrom the very beginning it was assumed that, based on the produed short lived radioiso-topes, both ommerial and researh ativities would be onduted at the RPRC. Tothis end hemial equipment allowing the prodution, distribution and quality ontrol ofvarious radiopharmaeutials would have to be installed. The area for the everyday pro-dution of the most popular ommerial PET radiopharmaeutial, �uoro-deoxy-gluose(FDG), would be separated from the researh one. It would also be useful for separatequality ontrol areas to be arranged for ommerial and researh ativities. As desribedbelow, the available spae for the installation of the Centre and the available funds allowedthe implementation of these objetives.The site projet also allows the onstrution of an external beam line for solid targetirradiations produing longer lived speies during the ylotron spare time between theommerial FDG prodution yles. The installation of underground apillary onnetionsto the neighbouring (around 500 m) Nulear Mediine Department PET/CT sanner for
15O transportation for perfusion diagnostis will also be possible when the appropriatefunds are available. Similarly, the animal miro-PET sanner, situated in the neighbouringChemistry/Biology Faulties CENT III building, will also be onneted with the 15Oprodution faility.



HIL Annual Report 2012 35The Centre on the HIL PremisesIn the HIL building about 500 sqm underground area was available and ould be adaptedto host the Centre. Figure 1 shows the ground �oor of this building, where the large
K = 160 heavy ion ylotron, its experimental stations and the position of the RPRC areindiated.

Figure 1: Layout of the ground �oor of the HIL building. Lower part of the layout showsthe heavy ion ylotron, its beam lines and the nulear physis experimental stations.Upper part shows the Radiopharmaeutials Prodution and Researh Centre, plaed6 m underground (adapted from Ref. [2℄).Centre layout and equipmentThe layout of the Centre is displayed in Figures 2, 3, 4. The GE PETtrae ylotron(Fig. 5) is able to deliver up to 100 miroamperes proton urrent of 16.5 MeV energy and



36 HIL Annual Report 2012up to 60 miroamperes, 8.4 MeV energy deuterons. As indiated above, the hemistryarea is omposed of two parts: the so alled area L1 for the everyday synthesis anddispensing of the most urrent radiopharmaeutial FDG, intended for the ommerialativity of the Centre, and area L2 for the researh ativity. In area L1 two hot ells(single and double, Fig. 6) host the FDG automati synthesis and dispensing units. Inarea L2 two single and two double hot ells are available equipped with a universal 18Fsynthesis unit (for FDG but also other 18F-based radiopharmaeutials) and a omplete
11C-based radiopharmaeutials line with appropriate synthesis and dispensing units. A
15O based water synthesis unit is also available there.

Figure 2: Layout of the RPRC. The proton/deuteron ylotron and its ontrol room isplaed on the left part of the �gure. Two independent prodution rooms are plaed in themiddle of the �gure (the �rst one for the routine FDG prodution and the seond one forother, also innovative, radiopharmaeutials). The Quality Control room is plaed in theright part of the �gure (adapted from Refs. [2, 4℄).

Figure 3: A 3D view of the RPRC represented in Figure 2 (ourtesy of the M + W group,building adaptation designer and exeutor).
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Figure 4: Enlarged view of the prodution rooms (adapted from Ref. [3℄).

Figure 5: The PETtrae p/d ylotron. Figure 6: Hot ells in the researh labora-tory (photo Grzegorz Krzy»ewski).Expeted entre ativityBesides the regular everyday prodution of the ommerialised FDG radiopharmaeutial,syntheses of other known speies are planned for prelinial researh in ollaboration withinstitutions belonging to the Warsaw Consortium for PET Collaboration or members ofthe Ohota Campus network. At the very beginning, depending on the expressed needs,the prodution of 18F-FLT, 18F-Choline or 18F-Dopa may begin almost immediately. Twofully equipped 11C radiopharmaeutials synthesis lines an be used for e.g. 11C-Choline,
11C-Aetate or 11C-Methionine prodution.Another researh area will be innovative radiopharmaeutials for PET and ombinedimaging methods (PET-NMR). The researh work and the appliation ativity is fousedmainly on new drugs applied in onology, ardiology and neurology, signi�ant �elds ofmodern mediine.



38 HIL Annual Report 2012The initial aim is to develop prodution tehnologies for substrates like 11C-halogenes,
11C-alohols and 11CO2, for studies of funtioning and funtional hanges in the nervoussystem, to answer questions on the origin and ourse of Alzheimer's disease, Parkinson sdisease or various forms of shizophrenia. The next task is to reate the infrastruture forthe prodution and appliation of 15O marked water in advaned ardiologi and neuro-logial diagnostis. The researh programme strongly supports the ativities ondutedby neighbouring institutions: the Medial University of Warsaw, whih is interested inapplying the above radiopharmaeutials in linial pratie and the Institute of Experi-mental Biology, foused on 15O appliation in researh on neurobiologial proesses andfundamental researh on the mehanisms of mental illnesses. An important example ofylotron beam use for non-PET radiopharmaeutials will be researh into an alternative(via aelerators) way of produing the most popular isotope in nulear mediine, 99mT,presently obtained from the nulear reator produed 99Mo generator.Summary and onlusionsSupported by grants from the Ministry of Sienes, International Atomi Energy Ageny,Ministry of Health, European Strutural Funds and the University of Warsaw resouresthe Radiopharmaeutials Prodution and Researh Centre was reated on the premises ofthe University of Warsaw Heavy Ion Laboratory. The main objetive of the Centre will bethe prodution of and researh into Positron Emission Tomography radiopharmaeutials.However, after the installation of the external beam line the available high intensity protonor deuteron beam will also be used for the prodution of other longer lived radioisotopesfor life-sienes appliations.Bibliography[1℄ J. Choi«ski, J. Jastrz�bski, this Report, page 31[2℄ J. Jastrz�bski, Ata Phys. Pol. B43 193 (2012)[3℄ J. Jastrz�bski, J. Choi«ski, J. Cydzik, D. Hehner, K. Kilian, P. Napiorkowski,I. Mazur, Radiopharmaeutials Prodution and Researh Centre at the University ofWarsaw, 5th Int. Conf. on Imaging Tehn. in Biomed. Si Milos Isl; Sep. 2009; posterpresentation[4℄ J. Choi«ski, J. Jastrz�bski, K. Kilian, I. Mazur, P.J. Napiorkowski, A. Pekal,D. Szzepaniak, Ra�opharmaeutials Prodution and Researh Centre in Warsaw16th Europ. Symp. on Radiopharmay and Radiopharmaeutials, ESSR, Nantes,April 2012; poster presentation.



HIL Annual Report 2012 39B.3 Aelerator prodution of 99mTJ. Choi«ski1 , A. Jakubowski1 , J. Jastrz�bski1 , I. Mazur1 , A. Stolarz1 , A. Trzi«ska1 ,J. Chudyka2 , K. Szkliniarz2 , W. Zipper21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Physis, University of Silesia, Katowie, PolandThe 99mT isotope is the most popular radioisotope in nulear mediine. More than90% of urrently available radiopharmaeutials for SPECT tehnology are produed withthis isotope. This radioisotope is obtained from the 99Mo generator, produed via the�ssion route in nulear reators, speially designed to have a very intense neutron �ux intheir ore with a limited power output to enhane the prodution proess. Suh high �uxresearh reators were onstruted by governmental researh groups and heavily fundedby grants more than 40 years ago. The atual worldwide problem is the availability ofthese spei� reators, sine they are almost all very old and prompt to multiple failures orrepairs. The reent unexpeted shutdown of the Chalk River and Petten reators auseda worldwide risis in the supply of 99mT .This was the reason whih prompted a searh for an alternative way to produe thisisotope, using partile aelerators. There are several potential reations that an be usedfor prodution of 99mT in this way. In Ref. [1℄ diret ylotron prodution of 99mT bythe (p,2n) reation on a 100Mo target is reommended as a short term solution. The mostadvaned studies have so far been performed and published by a Canadian team [2℄. Re-ently, the International Atomi Energy Ageny (IAEA) launhed a Coordinated ResearhProjet (CRP) for researh into the aelerator prodution of this isotope. Calulationsindiate that via the reation 100Mo(p,2n)99mT, having a maximum ross setion at 15�16 MeV, up to 6 Ci of 99mT an be produed during one 6 hour-long yle of protonirradiation. Irradiations made 2�3 times per day on a ommon medial ylotron with150 A proton urrent would be su�ient to supply a large metropolitan area. The 100Momaterial needed for the reation is sold by a ommerial isotope supplier at purity greaterthan 99.5%.In Warsaw a onsortium of three institutions was established to arry out a researhprogramme on aelerator prodution of the 99mT radioisotope: POLATOM at the Na-tional Centre for Nulear Researh, the Heavy Ion Laboratory (HIL) at the University ofWarsaw and the Institute of Nulear Chemistry and Tehnology. This onsortium is amember of the IAEA Coordinated Researh Projet with a one year Researh Contrat(with possible prolongation) and was reently awarded a researh grant by the Polishfunding ageny NCBiR (National Centre of Researh and Development).Bibliography[1℄ OECD Nul. En. Ageny, Nul. Develop. Nov. 2010, The supply of Medial Radioiso-topes[2℄ K. Gagnon et al., Nul. Med. and Biol. 38 (2011) 907



40 HIL Annual Report 2012B.4 Porphyrine omplexes with Ga and Cu as potential PET ra-diopharmaeutial andidatesK. Kilian1 , A. P�kal1 ,2 , M. P�gier2 , M. P�gier21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Faulty of Chemistry, University of Warsaw, Warszawa, PolandThe projet aim was to develop methods of synthesis, quality ontrol and physio-hemial harateristis of opper and gallium omplexes with porphyrins, as potentialandidates for diagnosti and therapeuti radiopharmaeutials in nulear mediine.The PET tehnique is applied in the study of funtioning and funtional hanges inthe human body, enabling, among others, preise onology diagnostis. It is also anappreiated diagnosti method in ardiology, allowing the ondition of the ardiovasularsystem to be evaluated in a non-invasive way.Porphyrin and its derivatives exhibit a�nity for tumor ells. Hene, porphyrins la-belled with a suitable therapeuti or diagnosti radionulide ould be envisaged as poten-tial agents for tumor therapy and diagnostis.The main goal of this projet was to obtain porphyrin omplexes with opper orgallium with a reasonable synthesis path, aeptable kinetis and purity.
64Cu and 68Ga are desribed in the literature as potentially e�etive diagnosti ra-dioisotopes, used in positron emission tomography (PET). The quality of imaging is insome appliations omparable to the quality of imaging with 18F, whih is one of the mostfrequently used isotopes in PET.In reent years 68Ga has gained importane in moleular imaging by positron emissiontomography. Due to the advantages of the easy availability of 68Ga from the generator

68Ge/68Ga, good radiation properties (T1/2 = 68 min, 90% β+-deay) and rih Ga3+oordination hemistry. These fators may ause a onsiderable inrease in interest in
68Ga-labelled ompounds in biology and mediine.The wide half-life range of other isotopes of opper allows imaging of proesses withdi�erent dynamis, while the idential hemistry of the labelling proess is maintained.In addition opper-64, beause of its deay sheme, is also used as a therapeuti agent.The reation of porphyrins with Cu(II) and Ga(III), was studied spetrophotometri-ally and the kinetis of the proess was optimised (Fig. 1). On the basis of the SATmehanism and determined kinetis of these reations, fast methods for the synthesisof Cu(II) and Ga(III) omplexes were developed (Fig. 2). Using �old� ompounds, allrequired harateristis of the omplexes were determined and a full synthesis and puri�-ation path was de�ned. After validation of synthesis proedure and separation methods,labelling reations with 64Cu and 68Ga will be performed.
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Figure 1: Kineti spetra of Cu-Tetraaroboxyphenyloporphyrin formation.

Figure 2: FT-IR spetra of tetraarboxyphenyloporphyrin (blue, red) and Ga-Tetraaroboxyphenyloporphyrin omplex.



42 HIL Annual Report 2012B.5 Quality ontrol of radiopharmaeutialsK. Kilian, A. P�kalHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe ompound used routinely for Positron Emission Tomography is a derivative of glu-ose, labelled with a radioative isotope �uorine-18 (18FDG-Fluorodeoxygluose). For thesynthesis of 18F-�uorodeoxygluose automati synthesisers are used, allowing a synthesistime of less than 30 minutes with a yield of over 60% EOB.One of the most important aspets of working with 18FDG is the short time (about30 minutes) that an be spent on quality ontrol and release proedures, thus the speed,simpliity and reliability of developed analytial methods are ritial fators. For radio-pharmaeutials the general requirements are listed in the European Pharmaopoeia andthese parameters have to be heked before appliation for human use.The aim of this study was to synthesise 18F-FDG in some onseutive runs and hekthe quality of the manufatured radiopharmaeutials. Soure of the isotope was theGE PETTrae 8 medial ylotron with a 16.5 MeV, 80 miroampere beam, with a high-yield niobium target, delivering up to 300 GBq after 2 h of irradiation. For synthesis adediated GE MXFDG unit was used. Radiopharmaeutial was sterilised by �ltrationand dispensed in automati system DDS-Vials. To ensure the quality of FDG the followingontrol methods were developed and validated with erti�ed referene standards (CRS):
• Nulidi purity,
• Residual organi solvents ontent,
• Radiohemial purity,
• Isotoniity and pH,
• Krypto�x ontent.Nulidi purityNulidi purity was determined using gamma spetrosopy with both NaI and Ge de-tetors. The �rst was used for fast spetra reording of main omponents and half-lifedetermination (108 min). In all the samples main line at 511 ± 6 keV was determinedwith the sum peak at 1.022 MeV. Long term studies with the Ge detetor showed trae(sub-ppb) ontent of metalli impurities, identi�ed as 57Co, 58Co, 56Co, 52Mn, 54Mn and

51Cr.Residual organi solventsOrgani solvents were determined with headspae gas hromatography (HS-GC). In allsamples aetonitrile and ethanol were determined quantitatively, with traes of methanolobserved in some samples. For the determination an originally developed method wasused, where separation of organi solvents was ompleted in 1 minute (Fig. 1) with totaltime of analysis below 4 minutes, whereas pharmaopoeial method or proedures desribedin the literature need about 20 minutes for omplete separation only.
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Figure 1: Gas-hromatographi separation of residual solvents. Signals, in order of ap-pearane: methanol, ethanol, aetornitrile.

Figure 2: Gas-hromatographi separation of residual solvents. Signals, in order of ap-pearane: methanol, ethanol, aetornitrile.Radiohemial purityRadiohemial purity was determined with the standard method (thin layer hromatogra-phy, aetonitrile:water 95:5) and all impurities were determined and identi�ed with CRSs(Fig 2).All samples met the aeptane riteria and ful�lled the requirements of the EuropeanPharmaopoeia (Table 1).Determined values in n=6 onseutive runsParameter Aeptane riteria ValuepH 4.5−−8.5 6.24−−6.75Osmolality 280−−310 mOsm 293± 14 mOsmResidual solvents - ethanol < 3000 mg/kg 29± 1 mg/kgResidual solvents - aetonitrile < 4.10 mg/V 0.77± 0.03 mg/VKrypto�x ontent < 2.2 mg/V PassRadiohemial purity > 95 % 98.6± 0.6 %Table 1: Determined QC parameters in 18F-FDG



44 HIL Annual Report 2012B.6 211At prodution at the Warsaw CylotronJ. Choi«ski1 , A. Jakubowski1 , J. Jastrz�bski1 , W. Kalisiewiz1 , B. Paprzyki1 ,A. Pietrzak1 , R. Ta«zyk1 , A. Stolarz1 , D. Szzepaniak1 , A. Trzi«ska1 , J. Chudyka2 ,A. Ku2 , K. Szkliniarz2 , W. Zipper2 , A. Bilewiz3 , E. Leszzuk3 , M. �yzko3 ,A. Piotrowska3 , B. W¡s41) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Physis, University of Silesia, Katowie, Poland3) Institute of Nulear Chemistry and Tehnology, Warszawa, Poland4) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, PolandIn the last few years speial attention has been onentrated on alpha-partile emittersas therapeuti radioisotopes. Alpha partiles, thanks to their large linear energy transfer(LET α ∼ 100 keV/µm) are very well suited to double-strand breaking of malignant ells.Their range in tissue is 40�100 µm whih orresponds to the dimension of a few ells.They are very e�etive in the destrution of small tumours of a few ells in dimensionwith muh lower interation with surrounding healthy ells, provided a vetor moleulethat an e�etively seek out the tumour ells is identi�ed and the link between thismoleule and the alpha-partile emitter is hemially established.The 211At isotope is one of the most promising alpha emitters that ould be appliedin radionulide targeted therapy. However, until now its links to the vetor moleule arestill in the researh phase, although some prelinial studies have already been published.
211At is produed at the Warsaw heavy ion ylotron via the 209Bi(α,2n)211At rea-tion [1℄. The irradiated samples are transported to the Institute of Nulear Chemistryand Tehnology where a new method for binding 211At to substane P, a peptide withhigh a�nity to reeptors of glioma aner ells, is being investigated. For binding 211At tosubstane P we plan to use the N-suinimidyl 3-[*I℄iodobenzoate method and the �metalbridge� approah developed in our laboratory. The radiobioonjugates obtained will beexamined for their stability and ell binding a�nity. As a researh result, we expet toobtain a radiopharmaeutial for glioma aner treatment after tumour resetion.Another way of searhing for 211At arriers onsists in the investigation of silver oatedTiO2 nanopartiles. The hemial investigation of this method is also being ondutedby our team [2℄.The 211At is produed during one working week irradiation runs when the ylotronparameters are set for the most e�ient internal irradiation onditions. The samples forthe hemistry investigations are produed during night periods whereas the day beam timeis used for the e�ieny alibrations and other researh related to the He+ irradiationonditions. In 2012 three one week runs were performed with the irradiated samplestransported to the �era« Laboratory every morning. There the astatine was distilledat 650◦C with a nitrogen �ow of 120 ml/min. and ondensed in PEEK-(polyether etherketone)-apillary trap. The apillary trap immersed in an ethanol-liquid nitrogen oolingbath was kept at -50◦C. For 100 µm Bi targets and perpendiular beam impat on thetarget, about 200 MBq (EOB) of 211At was produed with 500 nA He+ beam during onenight irradiation. About 50% of this ativity was extrated from the irradiated targetsfor hemial researh.Bibliography[1℄ J. Choi«ski et al. HIL Annual Report 2011 page 52[2℄ E. Leszzuk et al. Abstrat to the 2013 TAT Symposium, Oak Ridge, June 2013



HIL Annual Report 2012 45B.7 Nanodosimetry of At-211A. Bantsar1 , S. Pszona1 , W. Czarnaki1 , A. Bilewiz2 Z. Sze�i«ski3 ,1) The National Centre for Nulear Researh, Otwok, �wierk, Poland2) Institute of Nulear Chemistry and Tehnology, Warszawa, Poland3) Heavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe ylotron-produed α-emitter At-211 is partiularly propitious for appliation totargeted radionulide therapy of aner, espeially for treatment of mirometastati dis-ease and aner that is resistant to other forms of radiation (e.g. melanoma). Therefore,it is important to desribe the physial pattern of the interation of At-211 at the DNAlevel, shortly, to provide physial desriptors based on a nanodosimetry approah. Thenanodosimetri desriptors are derived from a frequeny distribution of ion lusters whihan be determined experimentally. A �rst experimental attempt to desribe the nanodosi-metri desriptors of At-211 was arried out using the devie alled �Jet Counter� [1℄ atthe National Centre for Nulear Researh. The radioative soure of At-211 was providedby a group of researhers from HIL and INCT [2℄.An At-211 soure was obtained by evaporation of At from ethanol solution on an Alrod support with 5 mm diameter. The emitted alpha partile spetrum of this sourewas measured on a Si spetrometer and is shown in Figure 1. Two mono-energeti linesare seen, namely 5.87 MeV due to the deay of At-211 and 7.45 MeV due to the deay ofPo-211 (daughter of At-211).

Figure 1: Measured spetra of alpha parti-les emitted by a sample with At-211. Figure 2: Frequeny distribution of ionisa-tion luster size generated by alpha parti-les from At-211. Squares � experimentalpoints, triangles � Poisson distribution forthe mean luster size.The luster size spetrum generated by this soure in a nitrogen avity with dimensionof 3 nm (on a unit density sale) was measured and preliminary results are seen in Figure 2,together with the Poisson distribution alulated for the mean luster size (experimental).Bibliography[1℄ A. Bantsar and S. Pszona, The National Centre for Nulear Researh, Otwok,�wierk, Poland, Annual Report 2011[2℄ J. Choi«ski et al, this Report, page 44
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HIL Annual Report 2012 49C.1 Study of the K-isomer in 134Nd using eletron onversionspetrosopyJ. Andrzejewski1 , T. Abraham2 , W. Czarnaki3 , Ch. Droste4 , E. Grodner4 ,K. Hady«ska-Kl�k2 , �. Janiak1 , M. Kisieli«ski2 ,3 , M. Kowalzyk2 ,4 , J. Kownaki2 ,3 ,J. Mierzejewski2 ,4 , A. Korman3 , P. Napiórkowski2 , J. Perkowski1 , J. Samorajzyk1 ,J. Srebrny2 , A. Stolarz2 , M. Zieli«ska51) Faulty of Physis and Applied Computer Siene, University of Lodz, �ód¹, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) The National Centre for Nulear Researh, Otwok, �wierk, Poland4) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland5) IRFU/SPhN, CEA Salay, Gif-sur-Yvette, FraneThe goal of our measurements was to study K seletion rule violation for eletromag-neti transitions in nulei with mass number A ∼ 130 and neutron number N = 74 bydetermination of absolute transition probabilities from the deay of the Iπ = Kπ = 8−isomeri state observed in even-even nulides [1, 2℄. Their modes of deay are di�erent,but deay branhes of E1 transitions with a degree of K forbiddenness n = 7, leadingdiretly to the 8+ member of the ground state band with K = 0, have been found inseveral nulei suh as 130Ba, 134Nd, 136Sm, and 138Gd. This branh severely violates the Kseletion rule. The main goal of the measurement was to determine the multipolarities ofthe gamma transitions de-exiting the Iπ = Kπ = 8− isomeri state in 134Nd and on�rmthe existing deay path of this isomer by de-exitation to the γ band (8− → 5+) (seeFig. 1).

Figure 1: Total eletron spetrum from the reation: 16O+ 122Te → 128Te∗. The followinglines may be reognised: deay of the isomeri state Iπ = Kπ = 8− in 134Nd (text inretangles), deay of 134Pr and deay of 135Ce (bold text).This state was populated in the 122Te(16O,4n)134Nd reation . A 16O beam with an



50 HIL Annual Report 2012energy of 90 MeV and intensity of 40 enA from the ylotron of the Heavy Ion Laboratorywas used. The experiment was performed in e-γ and γ-γ oinidene modes using theeletron spetrometer [3℄ oupled to the EAGLE gamma-ray array [4℄. The spetrosopy ofinternal onversion eletrons in oinidene with γ rays allows multipolarities and absolutevalues of the transition probabilities to be determined.The �beam-o�� total eletron spetrum olleted during 100 hours of measurementis presented in Fig. 1. The experimentally obtained value of the onversion oe�ientsfor the K line for the (8− → 6+) 874 keV transition is αK = 0.007(9). The summedeletron spetrum in oinidene with the 294, 495 and 631 keV γ-ray transitions is shownin Fig. 2. Comparison of this value with theoretially predited onversion oe�ients(αK(E3) = 0.00551, alphaK(M2) = 0.0103 [5℄) suggests that this is an E3/M2 mixedtransition. The postulated deay path of this isomer to the γ band (8− → 5+) is not seen.

Figure 2: The summed �beam-o�� eletron spetrum in oinidene with the 294, 495 and631 keV γ-ray transitions.Bibliography[1℄ J. Perkowski et al., Eur. Phys. J. A42 (2009) 379[2℄ J. Perkowski et al., Ata Phys. Pol. B43 (2012) 273[3℄ J. Andrzejewski et al., Nul. Inst. and Meth. A585 (2008) 155[4℄ J. Mierzejewski et al., Nul. Inst. and Meth. A659 (2011) 84[5℄ T. Kibédi et al., Nul. Inst. and Meth. A589 (2008) 202



HIL Annual Report 2012 51C.2 Quadrupole moments of exited states in 107AgK. Wrzosek-Lipska1 ,2 , M. Zieli«ska3 , T. Abraham2 , N. Bree1 , P. Butler4 , E. Clement5 ,A. Drouart3 , L. P. Ga�ney4 ,1 , K. Hady«ska-Kl�k2 , M. Huyse1 , J. Iwaniki2 ,L. Janiak9 , N. Kesteloot1 , M. Kisielinski2 ,6 , M. Komorowska2 , A. Kordyasz2 ,W. Korten3 , M. Kowalzyk2 ,7 , J. Mierzejewski2 , P. J. Napiorkowski2 , M. Palaz2 .L. Próhniak2 , J. Perkowski9 E. Rapisarda8 , A. Stolarz2 , J. Srebrny2 , J. Samorajzyk9 ,P. Van Duppen11) Instituut voor Kern- en Stralingfysia, K.U. Leuven, Leuven, Belgium2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) IRFU/SPhN, CEA Salay, Gif-sur-Yvette, Frane4) Oliver Lodge Laboratory, University of Liverpool, Liverpool, UK5) GANIL, Caen, Frane6) The National Centre for Nulear Researh, Otwok, �wierk, Poland7) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland8) ISOLDE, CERN, Geneve, Switzerland9) Faulty of Physis and Applied Computer Siene, University of Lodz, �ód¹, PolandThe Coulomb exitation of 107Ag was measured in November 2012 using an 84 MeV
32S beam delivered by the Warsaw Cylotron. The main goal of the experiment was toextrat quadrupole moments of the 3/2− and 5/2− states, as well as relative signs of theE2 and M1 matrix elements whih ouple higher-lying exited states. The determinationof the signs and the magnitudes of matrix elements, espeially quadrupole moments, isruial to understanding the harater of the low-lying states of 107Ag and will provide astringent test for di�erent theoretial approahes based mainly on various �partile plusore� oupling models, e.g. [1�3℄. The seond motivation for this study omes from the fatthat missing information on the quadrupole moment of the 3/2− and 5/2− states in 107Agseriously ompliates the analysis of reent Coulomb exitation studies of exoti nulei,where this isotope has been used as a target. In suh experiments, the absolute exitationross-setion of the projetile is determined by normalising to the target exitation, whihdepends both on known B(E2) values and quadrupole moments. Therefore a preisenormalisation is not possible, when the latter values are unknown. This may lead toambiguity in the �nal results obtained for the exoti nulei.The gamma rays de-populating Coulomb exited states of 107Ag were deteted by theEAGLE array [4℄ onsisting of 15 HPGe detetors of 70% e�ieny equipped with anti-Compton BGO shields. A ompat Coulex hamber (the so-alled Munih Chamber),inside whih 48 small PIN-diodes were plaed, eah of 0.5 × 0.5 m2 ative area, was usedto detet the bak-sattered beam partiles. The PIN-diodes were plaed at bakwardangles, with respet to the beam diretion to enhane the probability of multi-step ex-itation. The partile detetion system overed the angular range from 121◦ to 157◦ inthe laboratory frame. The measurements were arried out in partile-gamma oinidenemode. The beam intensity varied between 0.1 � 0.5 pnA.Fig. 1 presents low-energy part of the level sheme for 107Ag together with γ-raytransitions observed in the experiment.A sample γ-ray spetrum of 107Ag deteted in prompt oinidene with sattered 32Spartiles is shown in Fig 2. This spetrum was olleted during the �rst 40 hours (out of216 hours) of data taking and is summed over all HPGe and partile detetors. In theexperiment a thik 107Ag target was used in order to avoid the Doppler broadening of
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Figure 1: Low-energy part of the level sheme of 107Ag populated in the Coulomb exita-tion experiment performed at HIL in November 2012.the γ-lines originating from states whose lifetimes are in the range of a few pioseonds.Gamma ray transitions depopulating the 3/2−2 state are learly Doppler broadened sinethey were emitted in �ight (τ
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= 0.37 ps).The data olleted are enouraging. The 9/2−1 and 7/2−1 states, populated exlusivelyin the double step Coulomb exitation proess, are learly observed via de-exitation γ-ray transitions: 724 keV, 550 keV and 649 keV. These γ lines are of partiular interest tous, as the analysis of their intensities, based on the di�erent projetile sattering angle,will inrease the experimental sensitivity to the quadrupole moment of the 3/2−1 and 5/2−1states.
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Figure 2: Gamma ray spetrum of 107Ag Coulomb exited by a 32S beam, summed overall HPGe and partile detetors. The γ-rays are in prompt oinidene with the satteredprojetiles.Bibliography[1℄ A. de Shalit Phys. Rev. 122 (1961) 1530[2℄ Ch. L. Vieu et al., Phys. Rev. C22 (1980) 853[3℄ L. D. Wood et al., Nul. Phys. A427 (1984) 639[4℄ J. Mierzejewski et al., Nul. Inst. and Meth. A659 (2011) 84



HIL Annual Report 2012 53C.3 Colletivity of the 4+ state in 70Zn studied via Coulomb ex-itationM. Zieli«ska1 , T. Abraham1 , E. Clément3 A. Drouart1 , G. Fremont3 ,K. Hady«ska-Kl�k2 , J. Iwaniki2 , L. Janiak4 , N. Kesteloot5 ,6 , M. Kisieli«ski2 ,7 ,M. Kowalzyk2 ,8 J. Mierzejewski2 , A. Molenda4 , P. Napiorkowski2 , J. Perkowski4 ,J. Samorajzyk4 , J. Srebrny2 , A. Stolarz2 , K. Wrzosek-Lipska51) IRFU/SPhN, CEA Salay, Gif-sur-Yvette, Frane2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) GANIL, Caen, Frane4) Faulty of Physis and Applied Computer Siene, University of Lodz, �ód¹, Poland5) Instituut voor Kern- en Stralingfysia, K.U. Leuven, Leuven, Belgium6) SCK-CEN Mol, Belgium7) The National Centre for Nulear Researh, Otwok, �wierk, Poland8) Institute of Experimental Physis, University of Warsaw, Warszawa, PolandShell evolution in the viinity of the spherial nuleus 68Ni has reently attratedmany theoretial and experimental investigations. By now it has been learly establishedthat the presumed subshell losure at N=40 is not very pronouned. While the intruderharater of the 1g9/2 and 2d5/2 neutron orbital indues olletivity by pair exitationsfrom the fp shell into the g9/2 orbital, the parity hange hinders quadrupole exitations andtherefore mimis the properties of a doubly magi nuleus in 68Ni, i.e., a high 2+1 energyand a low B(E2; 2+1 → 0+1 ) value. Adding valene nuleons to the N=40 open shell leadsto a rapid inrease of olletivity, with an interplay of both olletive and single-partiledegrees of freedom. Suh rapid hanges indiate underlying omplex e�ets and make thisregion ideal for testing theoretial alulations. While measurements of B(E2; 2+1 → 0+1 )values are useful to investigate the evolution of olletivity along isotopi hains, evenmore insight into the olletive behaviour an be gained by measuring lifetimes of higher-lying states. Almost all stable and neutron-rih Zn isotopes present an anomalously lowB(E2; 4+1 → 2+1 )/ B(E2; 2+1 → 0+1 ) ratio of 1 or less, whih is normally observed onlyaround losed shells. A strong inrease of olletivity of the 4+1 state was observed for
70Zn [1℄ and ould not be explained in the framework of nulear struture models. Areent lifetime measurement [2℄ yielded a onsiderably longer lifetime for this state, yetits auray was not su�ient to draw any �rm onlusions.Given the omplex sheme of low-lying states in 70Zn inluding many nearly degen-erate transitions, Coulomb exitation seemed a more appropriate method to study thisnuleus. A dediated Coulomb exitation measurement was performed at the Heavy IonLaboratory, University of Warsaw, to measure the B(E2; 4+1 → 2+1 ) in 70Zn. The gammarays from Coulomb exited states in 70Zn were deteted by the EAGLE array [3℄ of 15ACS Ge detetors of 70% e�ieny, working in oinidene with 48 PIN-diode detetors ofsattered beam partiles. The partile detetors were plaed in the bakward hemisphereto enhane the probability of multi-step Coulomb exitation.The 32S beam was hosen for this measurement as a ompromise between kinematialonstraints (requirement of detetion of bak-sattered beam partiles at energies abovethe typial noise level for this setup made it impossible to use beams of Ar or heavier ions)and relative population of the 4+ state with respet to 3−1 . As the 4+1 → 2+1 and 3−1 → 2+3lines form a doublet at 902 keV, the ontribution of the latter to the observed intensitywas minimised by using a relatively heavy beam. The beam energy was degraded from



54 HIL Annual Report 201282 MeV to 68 MeV by an Al foil plaed at the entrane of the sattering hamber (seeFig. 1).

Figure 1: Bakward hemisphere of the sattering hamber, with the degrader and PIN-diode detetors visible.Another potential experimental problem was related to the relatively short lifetimes(below 2 ps) of several exited states in 70Zn. For a thik target measurement, the stoppingtime of reoils would be omparable to the lifetimes of the exited states, and an importantpart of the deteted gamma-rays would be emitted from reoils slowing down in the targetmaterial, whih would strongly ompliate the data analysis. This e�et was minimisedby using a thin 70Zn target of 0.6 mg/m2, prepared at the GANIL target laboratory.Assuming the lifetime of the 4+ state equal to 1.9 ps [1℄, the observed tail of the gammaline was estimated to be below 5% for all sattering angles used (120�150 degrees) andeven less if a longer lifetime [2℄ is assumed. The data are urrently under analysis.Bibliography[1℄ D. Mueher et al., Phys. Rev. C79 (2009) 054310[2℄ C. Louhart et al., Phys. Rev. C, aepted for publiation.[3℄ J. Mierzejewski et al., Nul. Inst. and Meth. A659 (2011) 84



HIL Annual Report 2012 55C.4 Alpha luster transfer in 16O+12C sattering at 41.3 MeVN. Burtebayev1 , M. Baktybayev1 , J. Burtebayeva1 , Sh. Hamada2 , S. Klizewski3 ,A.K. Morzabayev4 , M. Nassurlla5 , E. Piaseki6 , K. Rusek6 , S. Torilov7 , A. Trzi«ska6 ,S.K. Sakhiev4 , S.B. Sakuta8 , I. Strojek91) Institute of Nulear Physis of National Nulear Center, Almaty, Kazakhstan2) Faulty of Siene, Tanta University, Tanta, Egypt3) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) Eurasia National University, Astana, Kazakhstan5) Kazakh National University, Almaty, Kazakhstan6) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland7) Institute of Physis, Saint-Petersburg State University, Saint-Petersburg, Russia8) National Researh Center �Kurhatov Institute�, Mosow, Russia9) The National Centre for Nulear Researh, Otwok, �wierk, PolandExperimental data for the di�erential ross setions [1℄ for 16O+12C elasti satteringnear the Coulomb barrier showed a signi�ant rise in the bakward hemisphere, whihan be explained by the alpha-luster transfer mehanism. In this ontribution we reporton a reent measurement performed at a higher energy, well above the barrier, in orderto further study this e�et.Di�erential ross setions for elasti sattering of oxygen ions from 12C nulei weremeasured using a 41.3 MeV beam from the U-200P ylotron at the Heavy Ion Laboratoryof the University of Warsaw, at a wide range of sattering angles. The harged partiledetetion system ICARE was employed for partile identi�ation (∆E − E method) andfor measurement of their energy spetra. The data are plotted in Figure 1. In theforward hemisphere the measured angular distribution shows weak osillations, whereasat bakward angles there is a well-pronouned osillatory struture showing a signi�antenhanement of the di�erential ross setion with angle. Suh behaviour of the angulardistributions of elasti sattering of heavy ions is poorly desribed in terms of the optialmodel.Thus, we alulated the elasti sattering of 12C taking into aount the α-lusterexhange mehanism using the Coupled Reation Channels (CRC) method and the pro-gram FRESCO [2℄. Calulations were performed with an optial potential desribingwell the angular distribution at forward angles (red urve in the �gure). The parame-ters of the potential are listed in Table 1. A Woods-Saxon potential with radius R0 =
0.81(Acore+Acluster)

1/3 fm and di�useness a = 0.65 fm was used for the alulation of thebound state wave-funtion of 16O=12C+α. The potential depth was adjusted to reproduethe binding energy of the alpha luster in 16O. The CRC alulations with α-transfer in-luded explain the enhanement of the di�erential ross setion at bakward angles (greenurve in the �gure). Table 1: Optial potential parameters.
E (MeV) V0 (MeV) Rr (fm) ar (fm) W0 (MeV) Ri (fm) ai (fm) SF41.3 87.383 1.21 0.56 25.0 1.31 0.273 1.8
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Figure 1: The angular distribution for 16O elastially sattered from 12C at an energy of41.3 MeV. The solid irles represent experimental data; the solid red line represents thetheoretial predition for pure elasti sattering, and the solid green line represents thetheoretial predition the elasti sattering taking into aount of the α-luster exhangemehanism by means of the CRC method.Bibliography[1℄ Sh. Hamada, N. Burtebayev, K.A. Gridnev, N. Amangeldi,Nul. Phys. A859 (2011) 29[2℄ I.J. Thompson, Comput. Phys. Rep. 7 (1988) 176



HIL Annual Report 2012 57C.5 Weak ouplings in the bak-sattering of 20Ne on 118Sn �exitation energy measurementA. Trzi«ska1 , W. Czarnaki2 , N. Keeley2 , M. Kisieli«ski1 ,2 , S. Klizewski3 ,P. Kozo«4 , M. Kowalzyk1 ,5 , B. Lommel4 , E. Piaseki1 ,2 , K. Rusek1 ,2 , I. Strojek2 ,A. Stolarz1 , G. Tiourin6 , W. Trzaska61) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) The National Centre for Nulear Researh, Otwok, �wierk, Poland3) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) Gesellshaft für Shwerionenforshung, Darmstadt, Germany5) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland6) Department of Physis, University of Jyväskylä, FinlandThe study of barrier distributions is an on-going projet of the Barrier Group thathas ontinued for some years now. We determine the barrier height distribution in bak-sattering experiments using the method desribed in detail in Ref. [1℄. The barrier heightdistribution is dedued as: Dqe(E) = − d
dE

σqe

σRuth
where σqe

σRuth
is the quasi-elasti satteringexitation funtion normalised to the Rutherford sattering ross setion.In our experiments we have foused on the 20Ne projetile, sine this nuleus hasextremely large deformation parameters: β2 = 0.46, β3 = 0.39, β4 = 0.27 [2�4℄.It was shown for Zr and Ni targets [5,6℄ that exitation of weakly oupled but numerousnon-olletive states of the target during the bak-sattering of 20Ne an give rise toa signi�ant smoothing of the barrier height distribution, Dqe. Interpretation of thisphenomenon within the framework of the Coupled Channels method is di�ult sine theform fator of non-olletive exitations is not known.In the searh for information neessary to eluidate further this phenomenon a newexperiment was proposed and performed at HIL. The evolution of the Q spetrum (dis-tribution of system exitation energy) with sattering angle for the system: 20Ne + 118Snwas measured.A 20Ne beam was delivered by the Warsaw Cylotron and the measurements wereperformed using the multi-detetor system ICARE. The ToF (Time of Flight) tehniquewas used to identify the masses of bak-sattered ions. The �start� signal was given bya MCP (Mirohannel Plate) detetor. The �stop� signal was triggered by any of four

20 × 20 mm Si detetors plaed on a movable arm. The base length of the ToF systemwas 33 m.Data analysis is in progress.Bibliography[1℄ E. Piaseki et al., Phys. Rev. C65 (2002) 054611[2℄ S. Raman et al., At. Data and Nul. Data Tabl. 78 (2001) 1[3℄ R.H. Spear, At. Data and Nul. Data Tabl. 42 (1998) 55[4℄ G. Blanpied et al., Phys. Rev. C38 (1988) 2180[5℄ E. Piaseki et al., Phys. Rev. C80 (2009) 054613[6℄ A. Trzi«ska et al., European Physial Journal Web of Conferenes 17 (2011) 05006



58 HIL Annual Report 2012C.6 Determination of the spetrosopi fator in 21Ne from the
208Pb(20Ne,21Ne)207Pb ross setionI. Strojek1 , W. Czarnaki1 , W. Gawlikowiz2 , N. Keeley1 , M. Kisieli«ski1 ,2 ,S. Klizewski3 , A. Kordyasz2 , E. Koshhiy4 , M. Kowalzyk2 ,5 , E. Piaseki1 ,2 ,A. Piórkowska6 , K. Rusek1 ,2 , R. Siudak3 , A. Staudt6 , A. Trzi«ska21) The National Centre for Nulear Researh, Otwok, �wierk, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) Kharkiv National University, Kharkiv, Ukraine5) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland6) Institute of Physis, University of Silesia, Katowie, PolandIn an experiment performed at HIL, the ICARE system and the TOF method wereused to detet and identify bak-sattered ions emerging from sattering of 102 MeV 20Neions on a 208Pb target. The time measurement was started by the signal of a mirohannelplate (MCP) detetor, and stopped by an array of four 20 mm× 20 mm semiondutordetetors, plaed at an angle of 142.5◦ with respet to the beam axis.The experiment indiated an important role of the transfer reations in the ollisionof 20Ne on a 208Pb target. The two-dimensional spetrum olleted during the experiment(Fig. 1) shows a large number of 21Ne nulei produed in the sattering. Apart from theneon isotopes (22,21,20Ne), 19F, 16,17,18O and 14,15N are also present [1℄.

Figure 1: Typial two-dimensional E-TOF spetrum of the reation produts olletedduring one of the experimental runs.The spetrosopi fators of the olliding nulei are needed to perform alulationsof the transfer reation ross setion. Knowledge of one of them and the experimentalvalue of the ross setion makes it possible to determine the seond one. A alulation of



HIL Annual Report 2012 59the one neutron transfer (pik-up) reation, 208Pb(20Ne,21Ne)207Pb was performed. Thedistorted wave Born approximation (DWBA) with the post interation and an optialpotential of the form
V (r) = (Nr + iNi)VDFwas used. VDF is a double-folded potential, alulated using the DFPOT ode [2℄ and Nr,

Ni are normalisation parameters. The spetrosopi fators for 208Pb =207 Pb + 1n weretaken from [3℄. The three strongest transfer hannels leading to three low-lying states in
207Pb and the �rst exited state in 21Ne were inluded. By �tting the alulated urve tothe experimental data, the spetrosopi fator for the 1d5/2 state in 21Ne =20 Ne+n wasdetermined:

SF = 0.79Fig. 2 shows the e�et of the alulations inluding the individual hannels, their sumand the experimental data.

Figure 2: The ross setion for the 208Pb(20Ne,21Ne)207Pb transfer. The red, green andblue urves orrespond to alulations inluding the individual hannels. The violet urverepresent their sum.Bibliography[1℄ E. Piaseki et al., Phys. Rev. C85 (2012) 054608[2℄ J. Cook, Comp. Phys. Comm. 25 (1982) 125[3℄ M. Matoba, et al., Phys. Rev. C55 (1997) 3152



60 HIL Annual Report 2012C.7 The 6Li(18O,17O)7Li reation mehanism and the 7Li+17O po-tentialA.T. Rudhik1 , K.A. Cheras1 , A.A. Rudhik1 , E.I. Koshhy2 , S. Klizewski3 ,K. Rusek5 , V.A. Plujko6 , O.A. Ponkratenko1 , S.Yu. Mezhevyh1 , Val.M. Pirnak1 ,R. Siudak3 , J. Choi«ski5 , B. Czeh3 , A. Szzurek31) Institute for Nulear Researh, Ukrainian National Aademy of Sienes, Kyiv, Ukraine2) Kharkiv National University, Kharkiv, Ukraine3) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) The National Centre for Nulear Researh, Otwok, �wierk, Poland5) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland6) Aras Shevhenko Kyiv National University, Kyiv, UkraineAngular distributions of the 6Li(18O,17O)7Li reation were measured at an 18O beamenergy of 114 MeV for the ground and exited states of the exit nulei. The data wereanalysed within the oupled-reation-hannels method (CRC) [1℄.The 6Li+18O elasti and inelasti sattering hannels as well as the simplest one- andtwo-step reations were inluded in the oupled-reation-hannels sheme. In the CRCalulations a 6Li+18O potential with parameters dedued from the elasti sattering datameasured (simultaneously) with the reation, was used for the entrane hannel.The spetrosopi amplitudes of nuleons and lusters were alulated within thetranslational-invariant shell model (TIMO). The 7Li+17O potential parameters were de-dued by �tting the 6Li(18O,17O)7Li reation data. It was found that n-transfer dominatesin this reation (Fig. 1).

Figure 1: Di�erential ross-setion of the 6Li(18O,17O)7Li reation at Elab(
18O) =

114 MeV. Curves show CRC alulations for transfers of n, d+p, d+t and α+3He, asmarked on the plot.Isotopi di�erenes of the 7Li+17O, 7Li+18O and 7Li+16O potentials were studied, see
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Figure 2: Comparison of the 7Li + 16,17,18O potentials (a, b) as well as the 7Li + 17Opotential alulated with the double-folding method ().Bibliography[1℄ A.T. Rudhik et al., Nul. Phys. Atom. Energy 13 (2012) 133



62 HIL Annual Report 2012C.8 Elasti and inelasti sattering of 11B ions by 14C at 45 MeVS.Yu. Mezhevyh1 , A.T. Rudhik1 , K. Rusek2 , E.I. Koshhy3 , S. Klizewski4 ,V.M. Kiryanhuk1 , A.A. Rudhik1 , S.B. Sakuta5 , R. Siudak4 , B. Czeh4 , J. Choinski2 ,A. Szzurek41) Institute for Nulear Researh, Ukrainian National Aademy of Sienes, Kyiv, Ukraine2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Kharkiv National University, Kharkiv, Ukraine4) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland5) National Researh Center �Kurhatov Institute�, Mosow, RussiaNew experimental data for di�erential ross-setions of 14C(11B,11B)14C inelasti sat-tering at the energy Elab(11B)=45 MeV were measured for transitions of the 11B nuleusto the exited states at 2.12�8.56 MeV [1℄.The experimental data were analysed within the optial model (OM) and oupled-reation hannels (CRC) method. Elasti and inelasti sattering, reorientation of 11Bspin and the simplest transfers of nuleons and lusters were inluded in the ouplingsheme. Woods-Saxon optial model parameters for the 14C+11B interation and de-formation parameters of 11B were dedued. Contributions of one- and two-step transferreations to the elasti and inelasti hannels of 14C+11B sattering were obtained (Fig. 1).

Figure 1: Di�erential ross-setions of the 14C+11B elasti sattering atElab(11B)=45 MeV.Curves show the CRC-alulations for potential sattering (pot), 11B reorientation (reor)and transfer of nuleons and lusters x+y (x, xy, tr).It was found that the low-energy exited states of 11B have a olletive nature (Fig. 2).In Fig 3, the 14C+11B optial potential is ompared with the orresponding double-foldingpotential.
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Figure 2: Di�erential ross-setions of the 14C+11B inelasti satteringatElab(11B)=45 MeV. Curves show the CRC-alulations for transition to the 11Bexited states of olletive nature.

Figure 3: Comparison of the 14C+11B optial potential with the double-folded potential.Bibliography[1℄ S.Yu.Mezhevyh at al. NC. Phys. At. Energy 13, 123 (2012)



64 HIL Annual Report 2012C.9 Single diamonds and diamond polyristal layers obtained bythe MWCVD proessA.J. Kordyasz1 , M. Kowalzyk1 ,2 , J. Tarasiuk2 , A. Bednarek1 , S. Przywóska3 ,B. Majerowski4 , B. Pi¡tkowski4 , R. Tarnowski11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) Warsaw University of Tehnology, Warszawa, Poland4) Institute of Eletroni Materials Tehnology, Dept. of Silion Tehnology, Warszawa, PolandUsing the MWCVD reator [1,2℄ with optial stabilisation of target temperature [3℄ wehave obtained diamonds grown on high resistivity (1500 Ω ·m < ρ < 5000 Ω ·m), n-type,7 mm diameter, 300 µm thik silion wafers. The diamonds were reated at a temperatureof about 650 ◦C, pressure 70 Th and a onentration of butane/H2 of about 2%. During8 days proess performed on polished silion surfae separate single diamond rystalsof diameter about 0.2 mm were grown (Figure 1). For diamond detetor purposes thediamond polyrystal layers were reated by performing the MWCVD proess on a lappedsilion surfae (Figure 2).

Figure 1: Diamond single rystals grown ona polished silion surfae. Figure 2: Diamond polyrystal layer grownon a lapped silion surfae.Bibliography[1℄ A.J. Kordyasz et al., HIL Annual Report 2007, page 47[2℄ A.J. Kordyasz et al., HIL Annual Report 2008, page 40[3℄ A.J. Kordyasz et al., HIL Annual Report 2007, page 58



HIL Annual Report 2012 65C.10 New tehnology for thin silion ion implanted epitaxial de-tetorsA.J. Kordyasz1 , N. Le Neindre2 , S. Barlini2 , R. Bougault2 , O. Lopez2 , Y. Merrer2 ,E. Vient3 , J.D. Frankland3 , E. Bonnet3 , A. Chbihi3 , D. Gruyer3 , B. Borderie4 ,G. Ademard4 , P. Edelbruk4 , M.F. Rivet4 , F. Salomon4 , M. Bini5 , G. Casini5 ,S. Valdre5 , E. Sarlini5 , G. Pasquali5 , G. Pastore5 , S. Piantelli5 , G. Poggi5 ,A. Stefanini5 , A. Olmi5 , A. Boiano6 , E. Rosato6 , A. Meoli6 , A. Ordine6 ,G. Spadaini6 , G. Tortone6 , M. Vigilante6 , E. Vanzanella6 , M. Bruno7 , S. Serra7 ,L. Morelli7 , M. Guerzoni7 , R. Alba8 , D. Santonoito8 , C. Maiolino8 , M. Cinausero9 ,F. Gramegna9 , T. Marhi9 , T. Kozik10 , K. Przemysªaw10 , T. Twarog10 , Z. Sosin10 ,K. G¡sior11 , A. Grzeszzuk11 , W. Zipper11 , J. Sarneki12 , D. Lipi«ski12 ,H. Wodzi«ska12 , A. Brzozowski12 , M. Teodorzyk12 , M. Gajewski12 , A. Zagojski12 ,K. Krzy»ak121) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) LPC Caen, ENSICAEN, Université de Caen, CNRS/IN2P3, Frane3) GANIL, Caen, Frane4) Institut de Physique Nuléaire, Orsay, Frane5) INFN e Università di Firenze, Firenze, Italy6) INFN e Dipartimento di Sienze Fisihe dell'Universita di Napoli, Napoli, Italy7) INFN e Università di Bologna, Bologna, Italy8) LNS, INFN e Università di Catania, Catania, Italy9) INFN, Laboratori Nationali di Legnaro, Legnaro, Italy10) M. Smoluhowski Institute of Physis, Jagiellonian University, Kraków, Poland11) Institute of Physis, University of Silesia, Katowie, Poland12) Institute of Eletroni Materials Tehnology, Warszawa, PolandThe tehnology of thin silion epitaxial ion implanted detetors is illustrated by Fig. 1.We started with a silion epitaxial struture n+- n, of resistivity and thikness of theepitaxial layer of about 900 Ω·m and 21 µm, respetively, grown on a thik (400 µm),low resistivity (0.01 Ω·m) substrate (upper part of the �gure). The substrate of then+- n struture was removed by anodi dissolution [1℄ (middle part of the �gure). Theexternal part of the substrate lose to the wafer edge supports mehanially the thin silionepitaxial membrane. The top of the ethed silion n+- n epitaxial struture was ollimatedby an Al mask (see the lower part of the �gure) in order to selet the region of the epitaxiallayer for 50 keV B+ ion implantation with the dose 5 · 1014 ions/m2. After implantationwas �nished, Al metalisation through the Al mask was performed. The 50 keV B+ ionsimplanted in the silion epitaxial layer produe p+- n juntions and the evaporated Alreates an eletri ontat to the p+ implanted layer fae of the detetor. The bak detetorontat was made by Al evaporation to the bak side of the wafer. To ativate the detetorp+- n juntion, the wafer was baked for a long time. In this way a detetor with an ativearea 20×20 mm2 was used to build E-∆E telesope with a 500 µm thik silion E detetor.Preliminary tests of this telesope were onduted at LNS ylotron in Catania (Italy)using the produts of the heavy ion reation 84Kr (E=35 MeV/A) + 112Sn.The E-∆Esatter plot of measured results is presented in Fig. 2 and the harge distribution of themeasured ions is shown in Fig. 3 . Additional tests of the thin detetor (measurementof thikness distribution using 11.2 MeV α partiles from 252Cf, C-V measurements andurrent-voltage harateristis) are in preparation.



66 HIL Annual Report 2012
�������������������
�������������������
�������������������
�������������������

�������������������
�������������������
�������������������
�������������������

�������������������
�������������������
�������������������

�������������������
�������������������
�������������������

50 KeV Boron ions  implantation folowed by Al evaporation

Al evaporation followed by long time baking of the Si detector

Low resistivity, n−type thick Si substrate

High resistivity, thin, n−type Si epitaxial layer 

Al
mask

Anodic dissolution of Si substrate

Figure 1: Tehnology of thin silion detetors. We use n+- n silion struture (upper partof �gure). The low-resistivity n+ substrate was removed by anodi dissolution (entralpart of �gure) then 50 keV B+ ion implantation followed by Al metalisation was performedthrough Al mask on the n-type epitaxial 21 µm silion membrane. After Al metalisationof bak side the wafer was baked during long time.The essene of the new tehnology is the appliation of the low temperaturebaking proess for post-implantation thermal treatment instead of the high temperatureannealing proess used elsewhere.The new tehnology gives the possibility of applyingthe baking proess after evaporation of metal ontats on both sides of the detetor. An
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Figure 2: E−∆E satter plot obtained using the E−∆E telesope onsisting of 21 µm ∆Edetetors with an ative area of 20 * 20 mm2 and a 500 µm E detetor.

Figure 3: Charge distribution distribution of ions deteted by the E −∆E telesope.additional ahievement of the tehnology is the possibility to use a ommon Al mask forion implantation and Al evaporation on the detetor fae side.Bibliography[1℄ A.J. Kordyasz, E. Nossarzewska-Orªowska, J. Wojtkowska, M. Kosieli«ski, E. Kulzy-ka, L. Reissing, J. Kownaki, A. Wojtasiewiz, J. Sarneki, J. Iwaniki Nul. Inst.and Meth. A539 (2005) 262
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HIL Annual Report 2012 71D.1 Preliminary results from the 42Ca Coulomb exitationexperimentK. Hady«ska-Kl�ek1 ,2 , P.J. Napiorkowski2 , A. Maj3 , F. Azaiez4 , M. Kii«ska-Habior1 ,J.J. Valiente-Dobón5 , on behalf of the AGATA and EAGLE ollaborations1) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) Institut de Physique Nuléaire, Orsay, Frane5) INFN, Laboratori Nationali di Legnaro, Legnaro, ItalyIn order to resolve the existing ambiguities onerning the magnitude of the defor-mation of the side rotational band in 42Ca, a Coulomb exitation measurement has beenperformed to measure the B(E2) values [1℄. The experiment took plae in 2010 at theLaboratori Nazionali di Legnaro. The γ-ray spetrometer AGATA Demonstrator [2℄ ou-pled to the harged partile detetion set-up DANTE [3℄ was used for the �rst time duringthe experiment.Doppler orretion was performed based on the information of partile sattering angleprovided by MCP detetors. In addition to the γ lines oming from known low energystates in 42Ca, γ rays depopulating the Coulomb exited states of lead target nuleiare visible. These lines were signi�antly broadened sine the Doppler orretion wasperformed for the 42Ca sattered projetile.Transitions deexiting the highly deformed side band were observed, as well as γ raysfrom the deay of low-lying states in the yrast band. It was possible to detet Coulombexited levels up to 4+ in both the ground state and the highly deformed band (Figure 1).The least squares �tting ode GOSIA [4℄ was used to determine E2 redued matrixelements in 42Ca from the Coulomb exitation experiment performed in LNL.Based on the obtained set of E2 matrix elements and using the Quadrupole SumRules method [5℄ the overall deformation parameters of 0+1 , 2+1 , 4+1 (ground state band)and 0+2 , 2+2 (side band) in 42Ca were extrated for the �rst time [6℄. The alulated√

〈β2〉quadrupole deformation parameter values are shown in Figure 2.The relatively large√〈β2〉 values determined for the 2+2 and 0+2 states at 2424 keV and1837 keV, respetively, strongly support a highly deformed harater of the side rotationalband. Our results also indiate a non-spherial shape of the ground state.Preliminary results of the COULEX analysis provided information on the eletromag-neti properties of the states in the side deformed band in 42Ca by determination of theB(E2) values. Reent results were presented at the Zakopane Conferene on NulearPhysis, 2012 and at the Seond European Nulear Physis Conferene (EuNPC 2012)held in Buharest, Romania.Improved Pulse Shape Analysis and traking algorithms allow to the �nal data re-onstrution to be performed. An analysis aimed at reduing the unertainties of reentresults is in progress.Bibliography[1℄ K. Hady«ska-Kl�k et al., Ata Phys. Pol. B42 (2011) 817[2℄ S. Akkoyun et al., Nul. Inst. and Meth. 668 (2012) 26
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Figure 1: Left panel: a Doppler-orreted γ-ray spetrum observed in the 42Ca + 208PbCoulomb exitation experiment. Right panel: The sheme of exited states in 42Ca.Transitions observed in the urrent Coulomb exitation experiment are marked in grey.

Figure 2: Preliminary values of the overall quadrupole deformation parameters √

〈β2〉alulated for 0+, 2+ states in both ground state and side bands, as well as that of the4+1 state in 42Ca.[3℄ J.J. Valiente-Dobón et al., Ata Phys. Pol. B37 (2006) 225[4℄ T. Czosnyka et al., Bull. Amer. Phys. So. 28 (1983) 745and urlhttp://www.slj.uw.edu.pl/gosia[5℄ D. Cline, Annu. Rev. Nul. Part. Si. 36 (1986) 683[6℄ K. Hady«ska-Kl�ek et al., Ata Phys. Pol. 44 (2013) 617



HIL Annual Report 2012 73D.2 Eletri dipole polarisability of 11LiN. Keeley1 , K.W. Kemper2 ,3 , K. Rusek31) The National Centre for Nulear Researh, Otwok, �wierk, Poland2) Physis Department, Florida State University, Tallahassee, USA3) Heavy Ion Laboratory, University of Warsaw, Warszawa, PolandWe have analysed 11Li + 208Pb elasti sattering data at a beam energy of 29.8 MeV,reently measured at the TRIUMF faility [1℄, using the Continuum Disretized CoupledChannels (CDCC) method assuming a di-neutron model of the projetile. The 11Li nuleusis known to be weakly bound, with a threshold against 9Li + 2n breakup of only 370 keV.The dynami polarisation potential representing the e�ets of real and virtual proessestaking plae during the sattering was derived from the alulation. Both its parts, realand imaginary, were found to have very long tails. The attrative tail of the real part ouldbe attributed to the Coulomb ouplings with the dipole states in the 9Li + 2n ontinuum.Thus, it should be well desribed by a lassial dipole orretion to the potential energy,
∆V = −

1

2
α
Z2e2

R4
(1)where Z is the harge number of the target nuleus, R is the distane between the projetileand the target and the onstant α is the eletri dipole polarisability of 11Li.The solid urve plotted in Fig. 1 represents the real part of the dynami polarisationpotential derived from the CDCC alulations. At separations larger than 40 fm it ouldbe well reprodued by the potential alulated using Eq. 1, with α = 5.7 fm3 (dashedurve) predited by theory [2℄.

Figure 1: Real part of the dynami polarisation potential for 11Li+208Pb derived from theCDCC alulation (solid urve) ompared to that alulated using Eq. 1.Bibliography[1℄ M. Cubero et al., Phys. Rev. Lett. 108 (2012) 262701[2℄ K. Pahuki, private ommuniation



74 HIL Annual Report 2012D.3 Odd parity exitations of the N=Z=50 oreM. Palaz1 for the Neutron Wall � EUROBALL ollaboration1) Heavy Ion Laboratory, University of Warsaw, Warszawa, PolandNulei situated in the nulidi hart lose to the heaviest self-onjugate doubly-maginuleus 100Sn give opportunities to evaluate phenomena whih annot be observed inother regions, like enhaned interations of protons and neutrons situated in identialshell model orbits. In spite of muh experimental and theoretial e�ort, a number ofissues in the region remains unresolved � see Ref. [1℄ for a reent review.One of the key points and questions in the region is the role of the exitations ofthe N=Z=50 ore. Suh exitations have been extensively studied in several lose Z<50neighbours of 100Sn: 101In [3℄, 102In [4, 5℄, 98Cd [6, 7℄, 99Cd [3℄, 96Ag [2℄ and 97Ag [8℄.The ore exited states in these nulei are in general suessfully interpreted in the ShellModel spae onsisting of only even parity orbitals, with proton (and neutron) valeneholes loated in the g9/2 orbital and partile-hole exitations aross the N=Z=50 gap tothe g7/2, d5/2, d3/2, s1/2 orbitals. Odd-parity orbitals have so far seemed unneessary forthe desription of suh ore exitations, as negative parity ore-exited states were notexperimentally observed in any of the above mentioned nulei.Analysis of data olleted in an experiment performed at the Institute de ReherhesSubatomiques in Strasbourg, Frane, lead to establishing new extended level shemes ofthe 97Ag and 96Pd nulei, whih orrespond to systems onsisting of the N=Z=50 oreand three or four proton-holes, respetively � see Fig. 1. The EUROBALL γ-ray detetorarray together with the Neutron Wall and EULICDES were employed in the experiment.Some of the newly observed exited states have been assigned odd-parity, namely theisomeri state at 8384 keV in 96Pd, as well as states at 6306 and 6418 keV in 97Ag. Thesestates were interpreted as odd-parity N=Z=50 ore exitations. Shell Model alulationsindiated that the orresponding wave funtions are dominated by omponents with one
g9/2 neutron exitation aross the N = 50 gap to the d5/2 and g7/2 orbitals, oupled toodd-parity valene on�gurations. It was also noted that a preise quantitative desriptionof the odd-parity states requires a more omplete model than the one available at present,with larger model spae, improved interations, whih are onsistent for odd- and even-parity orbitals, and multiple partile-hole exitations allowed. See Refs. [9,10℄ for detailsof the experiment, data evaluation, desription of the Shell Model alulations and anextensive disussion.Bibliography[1℄ T. Faestermann, M. Górska and H. Grawe, Prog. Part. Nul. Phys. 69 (2012) 85[2℄ P. Boutahkov et al., Phys. Rev. C84 (2011) 044311.[3℄ M. Lipoglav²ek et al., Phys. Rev. C66 (2002) R011302.[4℄ M. Lipoglav²ek et al., Phys. Rev. C65 (2002) R051307.[5℄ D. Sohler et al., Nul. Phys. A708 (2002) 181.[6℄ A. Blazhev et al., Phys. Rev. C69 064304 (2004).
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76 HIL Annual Report 2012D.4 Status of the NEDA projetG. Jaworski1 ,2 ,3 , M. Palaz2 , J. Agramunt Ros4 , G. de Angelis3 , G. de Frane5 ,A. Di Nitto6 ,7 , J. Egea8 ,5 , M.N. Erduran9 , S. Ertürk10 , E. Farnea11 , A. Gadea5 ,V. González8 , A. Gottardo3 , T. Hüyük4 , M. Jastrz¡b12 , J. Kownaki2 , J. Nyberg13 ,E. Sanhis7 , P.-A. Söderström14 ,13 , R. Tarnowski2 , A. Triossi3 , J.J. Valiente Dobon3 ,R. Wadsworth151) Faulty of Physis, Warsaw University of Tehnology, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) INFN, Laboratori Nationali di Legnaro, Legnaro, Italy4) Instituto de Físia Corpusular, Valenia, Spain5) GANIL, Caen, Frane6) Johannes Gutenberg-Universität Mainz, Mainz, Germany7) INFN Sezione di Napoli, Napoli, Italy8) Department of Eletroni Engineering, University of Valenia, Burjassot (Valenia), Spain9) Fa. of Engineering and Natural Sienes, Istanbul Sabahattin Zaim Univ. Istanbul, Turkey10) Nigde Universitesi, Fen-Edebiyat Falkültesi, Fizik Bölümü, Nigde, Turkey11) Padova University, Padua, Italy12) The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland13) Department of Physis and Astronomy, Uppsala University, Uppsala, Sweden14) RIKEN Nishina Center, Wako-shi, Japan15) Department of Physis, University of York, York, UKThe NEutron Detetor Array (NEDA) (see earlier HIL Annual reports [1, 2℄ andRef. [3℄) will be a new aggregate of neutron detetors, designed to operate at stable andradioative beam failities, in onjuntion with the most advaned γ-ray detetion arrayslike AGATA [4℄, EXOGAM2 [5℄, GALILEO [6℄ or PARIS [7℄. Compared to existingneutron detetion systems (the Neutron Wall [8, 9℄ and the Neutron Shell [10℄) NEDAwill have higher e�ieny, espeially for the detetion of multiple neutrons, when speialmeasures are required to distinguish events in whih real 2, 3 or 4 neutrons were registeredfrom events in whih a single neutron interated in more than one detetor. A prerequisiteto ahieve this goal is an exellent disrimination between neutrons and γ rays detetedin the array. The proessing of signals from the NEDA detetors will be realised in afully digital manner, using a version of the NUMEXO2 digitiser [11℄, whih will assureompatibility with the data aquisition system of the γ-ray detetors.NEDA will be a perfet tool to study exoti neutron-de�ient and neutron-rih nulei.It will demonstrate its full apabilities when a omplete array is built, overing 2 Π ofthe solid angle around the target. It is, however, foreseen to onstrut NEDA in steps.At �rst, NEDA will omplement detetors of the Neutron Wall array � see Fig. 1. Itis planned to use suh a setup at GANIL in 2015, in onnetion with AGATA and theDIAMANT harged partile detetor [12℄.In 2012 ativities of the NEDA ollaboration onentrated on: an evaluation of theproperties of the photomultipliers available in the market and foreseen for NEDA, de-velopment of algorithms for the digital determination of signal arrival times, design ofprototype detetors, tests of the digitisers, experimental veri�ations of the onlusionsobtained in omputer simulations [3℄ on the two types of sintillators onsidered, as wellas simulations of NEDA performane in fusion-evaporation reations. A series of tests ofneutron detetors purhased by the NEDA ollaboration were performed at the LegnaroNational Laboratory, providing data to aomplish the above mentioned tasks and goals.Analysis of the data is in progress.
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Figure 1: The setup for studying exoti neutron-de�ient nulei, onsisting of a 1 ΠAGATA γ spetrometer, 1 Π Neutron Wall, 1 Π NEDA and 4 Π DIAMANT hargedpartile detetor.Bibliography[1℄ G. Jaworski et al. HIL Annual Report 2011, page 65, HIL Annual Report 2010,page 53, HIL Annual Report 2009, page 63[2℄ M. Palaz et al. HIL Annual Report 2008, page 51[3℄ G. Jaworski et al. Nul. Inst. and Meth. A673 (2012) 64[4℄ S. Akkayoun et al. Nul. Inst. and Meth. A668 (2012) 26[5℄ http://pro.ganil-spiral2.eu/spiral2/instrumentation/exogam2[6℄ C. Ur, J. Phys.: Conf. Ser. 366 (2012) 012044[7℄ A. Maj et al. Ata Phys. Pol. B40 (2009) 565[8℄ O. Skeppstedt et al. Nul. Inst. and Meth. A421 (1999) 531[9℄ L. Jungvall, M. Palaz, J. Nyberg Nul. Inst. and Meth. A528 (2004) 741[10℄ D.G. Sarantities et al. Nul. Inst. and Meth. A530 (2004) 473[11℄ Tehnial Proposal for the SPIRAL 2 instrumentation,http://pro.ganil-spiral2.eu/spiral2/instrumentation/exogam2/exogam2-tehnial-report/view[12℄ J.N. Sheurer, Nul. Inst. and Meth. A385 (1997) 501
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HIL Annual Report 2012 81E.1 Degrees and theses ompleted in 2012 or in progressE.1.1 PhD theses of students a�liated to HIL and of HIL sta� membersJan MierzejewskiMehanizm niekompletnej fuzji badany z wykorzystaniem EAGLE i SiBallMehanism of inomplete fusion studied with EAGLE and SiBallSupervisor: prof. dr hab. T. Matulewiz. Expeted ompletion time: 2013.Grzegorz Jaworski, Faulty of Physis, Warsaw University of TehnologyDetekja neutronów pr�dkih w badaniah egzotyznyh j¡der atomowyhFast neutron detetion in the investigations of the struture of exoti nuleiSupervisor: prof. dr hab. J. Kownaki. Expeted ompletion time: 2013.Katarzyna Hady«ska-Kl�kBadanie struktury kolektywnej w izotopah wapnia metod¡ wzbudze« kulom-bowskihStudies of olletive struture in alium isotopes using the Coulomb exitation methodSupervisor: prof. dr hab. M. Kii«ska-Habior. Expeted ompletion time: 2013.Daniel Pi�tak, Institute of Radioeletronis, Warsaw University of TehnologyMetoda oeny jako±i wyników z eksperymentów wzbudze« kulombowskih zwykorzystaniem algorytmu genetyznegoEvaluation method based on a geneti algorithm for results of Coulomb exitation experi-mentsSupervisor: prof. dr hab. J. Wojiehowski. Expeted ompletion time: 2013.Izabela Strojek, The National Centre for Nulear Researh, Otwok, �wierk, PolandWpªyw struktury j¡dra 20Ne na reakje z jego udziaªemIn�uene of the struture of 20Ne on reations with this nuleusSupervisor: prof. dr hab. K. Rusek. Expeted ompletion time: 2013.Anna P�kal, Faulty of Chemistry, University of WarsawWpªyw doboru proedury analityznej na wyznazanie wªa±iwo±iantyutleniaj¡yh próbek »ywno±iIn�uene of analytial proedure on antioxidant properties of food samplesSupervisor: prof. dr hab. Krystyna Pyrzy«ska. Expeted ompletion time: 2013.�ukasz Standyªo, The National Centre for Nulear Researh, Otwok, �wierk, PolandBadanie oddziaªywania 6He z j¡drami 206Pb przy energiah blisko bariery ku-lombowskiejStudy of the interation of 6He with 206Pb nulei at energies lose to the Coulomb barrierSupervisor: prof. dr hab. K. Rusek. Expeted ompletion time: 2014Tomasz MarhlewskiSupervisor: prof. dr hab. K. Rusek. Expeted ompletion time: 2017



82 HIL Annual Report 2012E.1.2 Other PhD theses based on experiments performed at HIL�ukasz Janiak, University of �ód¹Supervisor: prof. dr hab. J. Andrzejewski. Expeted ompletion time: 2014.Justyna Samorajzyk, University of �ód¹Supervisor: prof. dr hab. J. Andrzejewski. Expeted ompletion time: 2014.E.1.3 PhD, MS and BS theses supervised by HIL sta� membersUrszula Ka¹mierzak, Faulty of Physis, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. PhD thesis, expeted ompletion time: 2014.Ilona Gªowaka, Faulty of Physis and Applied Computer Siene, University of �ód¹Skutezno±¢ biologizna jonów w�gla w zastosowaniu do terapii nowotworówBiologial e�etiveness of arbon ions applied to aner therapySupervisor: dr hab. Z. Sze�i«ski. MS thesis defended in Marh 2012Jakub Pietrzak, Faulty of Physis, University of WarsawRekonstrukja obrazu w tomogra�i SPECT z wykorzystaniem tehnologiiprogramowalnyh proesorow gra�znyhImage reonstrution in Single Photon Emission Computed Tomography using CUDAapable graphis ardsSupervisor: dr hab. Z. Sze�i«ski. MS thesis defended in September 2012Mihaª Czerwi«ski, Faulty of Physis, University of WarsawWpªyw dawki lokalnej na prze»ywalno±¢ kolonii komórkowyh Survival of elllines under in�uene of loal doseSupervisor: dr hab. Z. Sze�i«ski. MS thesis defended in June 2012El»bieta Gajewska-Dendek, Faulty of Physis, University of WarsawSymulaje Monte Carlo dawki terapeutyznej w tehnologii CUDA NvidiaMonte Carlo simulations of the therapeuti dose in NVIDIA CUDA tehnologySupervisor: dr hab. Z. Sze�i«ski. MS thesis defended in June 2012Bartªomiej Chabeki, Faulty of Physis, University of WarsawOznazanie zysto±i radiohemiznej radiofarmaeutyków metod¡ TLC(hromatogra�i ienkowarstwowej)Determination of radiohemial purity of radiopharmaeutials using TLC(thin layer hromatography)Supervisors: dr hab. Z. Sze�i«ski, dr K. Kilian. BS thesis defended on 25 July 2012Maiej Wójik, Faulty of Physis, University of WarsawOznazanie zysto±i radioizotopwej radiofarmaeutyków znakowanyh 18FDetermination of radionulide purity of 18F labelled radiopharmaeutialSupervisors: dr K. Kilian, dr hab. Z. Sze�i«ski. BS thesis defended on 28 September 2012



HIL Annual Report 2012 83Barbara Panas, Faulty of Physis, University of WarsawWytwarzanie radiofarmaeutyków do Pozytonowej Tomogra�i Emisyjnej,znakowanyh 18FProdution of Radiopharmaeutials Positron Emission Tomography Labelled 18FSupervisors: dr K. Kilian, dr hab. Z. Sze�i«ski. BS thesis defended on 28 September 2012Agnieszka Kunka, Faulty of Physis, University of WarsawOznazanie zysto±i radiofarmaeutyków metod¡ hromatogra�i gazowejDetermination of purity of radiopharmaeutials using gas hromatographySupervisors: dr K. Kilian, dr hab. Z. Sze�i«ski. BS thesis defended on 25 September 2012Marta Wardzi«ska, Faulty of Physis, University of WarsawOsªabienie wi¡zki fotonów o energii 662 keV w fantomie wodnymThe attenuation of the photon beam with an energy of 662 keV in a water phantomSupervisor: dr hab. Z. Sze�i«ski. BS thesis defended in June 2012Piotr Warzybok, Faulty of Physis, University of WarsawKonstrukja fantomu wodnego i pomiary rozkªadu dawki na ¹ródle kobaltowymWater phantom and dose distribution on 60Co soureSupervisor: dr hab. Z. Sze�i«ski. BS thesis defended in June 2012Maria Pr�gier, Faulty of Chemistry, University of WarsawBadanie i optymalizaja reakji kompleksowania jonów Ga por�rynamido zastosowa« w tehnikah obrazowania medyznegoOptimization of Ga omplexation reation with porphyrins for appliations in moleularimagingSupervisor: prof dr hab. K. Pyrzy«ska, assoiate supervisor: dr K. Kilian.MS thesis, expeted ompletion time: June 2013Mihalina Komorowska, Faulty of Physis, University of WarsawEksperymentalne wyznazanie wzgl�dnyh przekrojów zynnyh reakji
122Sn(20Ne,xnypzα) z wykorzystaniem spektrometru EAGLEExperimental determination of the relative ross setions in reation
122Sn(20Ne,xnypzα) using EAGLE arraySupervisors: prof. dr hab. M. Kii«ska-Habior, dr J. Srebrny.Expeted ompletion time: 2013E.1.4 Other BS and MS theses based on experiments performed at HILTomasz Marhlewski, Faulty of Physis, University of WarsawPomiar koinydenji γ-γjako metoda bada« poziomów wzbudzonyhj¡dra atomowegoStudy of γ-γ oinidenes as a method to investigate nulear exited statesSupervisor: dr Ernest Grodner. MS thesis defended in September 2012



84 HIL Annual Report 2012Aliia Ariza, University of Huelva, Huelva, SpainEstudio de las reaiones diretas y fusión-evaporaión en la dispersión de
20Ne + 12CStudy of diret and fusion-evaporation reations in the sattering of 20Ne on 12CSupervisor: dr Ismael Martel. MS thesis defended in Deember 2012Justyna Chudyka, Faulty of Mathematis, Physis and Chemistry, University of SilesiaAnaliza mo»liwo±i wytwarzania »ródeª promieniotwórzyh dla elów medy-znyh przy pomoy yklotronu U200-PAnalysis of the possibility to produe radioative soures for medial appliations using theU200-P ylotronSuperisor: prof. dr hab. W. Zipper. MS thesis defended in 2012Katarzyna Tworek, Faulty of Mathematis, Physis and Chemistry, University of SilesiaWyznazanie pr¡du wi¡zki z¡stek alfa przyspieszanyh w yklotronie warsza-wskim podzas produkji radioizotopu 211AtDetermination of the beam urrent of αpartiles in Warsaw ylotron during the 211AtprodutionSuperisor: prof. dr hab. W. Zipper. MS thesis defended in 2012



HIL Annual Report 2012 85E.2 SeminarsE.2.1 Seminars o-organised by HILNulear Physis SeminarsSeminars organised jointly by the divisions of Nulear Physis, Nulear Spetrosopy andNulear Struture Theory of the Faulty of Physis, University of Warsaw, and the HeavyIon Laboratory, University of WarsawH.O.U. Fynbo � Dep. of Phys. and Astr., Aarhus U., Denmark 12 January 2012Cluster struture and 3α-deay of 12C studied by β-deay and γ-deayJ. Bartke � Instytut Fizyki J¡drowej PAN, Kraków 19 January 2012Maria Skªodowska-Curie w �latelistye, numizmatye i medalierstwieMaria Skªodowska-Curie in philately, numismatis and art medalsG. Wrohna � NCNR, �wierk, Poland 16 February 2012Narodowe Centrum Badan Jadrowyh � powstanie i plany rozwojuNational Centre for Nulear Researh � the reation and development plansR. Kotte � FZ Rossendorf, Germany 22 February 2012Strangeness and Femtosopy Results with HADESI. Martel � University of Huelva, Hiszpania 01 Marh 2012The Lina Researh Faility at the University of Huelva (Spain)C. Simenel � CEA, Salay, Franja 08 Marh 2012Desriptions of multi-nuleon transfer reations with quantum mirosopiapproahesH. Biaªkowska � NCNR, �wierk, Poland 15 Marh 2012Zderzenie j¡der oªowiu w akeleratorze LHCCollision of led nulei in the LHC aeleratorJ. Dobazewski � Inst. of Theoretial Physis, Univ. of Warsaw 22 Marh 2012Rotational and vibrational states in heavy nulei desribed within the energydensity funtional methodsL. Próhniak � UMCS, Lublin, Poland 29 Marh 2012Kolektywne stany kwadrupolowe w teorii ±redniego polaColletive quadrupole states in the mean �eld theoryM. Palaz � HIL 12 April 2012Wzbudzenia rdzenia N=Z=50 badane w j¡drze 96PdExitations of the N=Z=50 ore studied in 96Pd



86 HIL Annual Report 2012P. Bednarzyk � Institute of Nulear Researh, Kraków, Poland 19 April 2012Badania eksperymentalne kolektywnej struktury nuklidów z pobli»a j¡dermagiznyh 40Ca and 56NiExperimental investigations of the olletive struture of nulei in the viinity of 40Caand 56NiK. Czerski � University of Szzein, Szzein, Poland 26 April 2012Reakje j¡drowe przy ekstremalnie niskih energiah � zy zimna fuzjaj¡drowa jest mo»liwa?Nulear reations at extremely low energies � is the old fusion possible?Z. Janas � Inst. of Experimnental Physis, Univ. of Warsaw 10 May 2012Wpªyw warunków zewn�trznyh na zas »yia j¡der 7BeIn�uene of the external onditions on the life-time of 7BeA. Trzi«ska � HIL 24 May 2012Co determinuje ksztaªt rozkªadu barier na fuzj�?The shape of the fusion barriers � what it depends on?G. Odynie � Lawrene Berkeley National Lab., Berkeley, USA 31 May 2012Searh for the Critial Point of the Nulear Matter Phase Diagram.First results from the Beam Energy San Program at RHIC*P. Moskal � Physis Dep., Jagiellonian U., Kraków, Poland 4 Otober 2012Badanie symetrii dyskretnyh w rozpadah mezonów za pomo¡ detektorówWASA oraz KLOEStudy disrete symnmetries in mezon deays by ATLAS and CMS experimentsM. Ostrowski � Astr. Obs., Jagiellonian U., Kraków, Poland 11 Otober 2012Wszeh±wiat w TeV'owym promieniowaniu gammaThe Universe in the TeV γ-ray radiationA. Kalinowski � Inst. of Experimnental Physis, Univ. of Warsaw 18 Otober 2012Obserwaja kandydata na bozon Higgsa przez eksperymenty ATLAS i CMSHiggs andidate observation by the ATLAS and CMS experimentsK. Siegie«-Iwaniuk � NCNR, �wierk, Poland 25 Otober 2012Prawdopodobie«stwo jonizaji 6He+ w rozpadzie β−

6He jonization probabilityT. Lesi«ski � Inst. of Theoretial Physis, Univ. of Warsaw 8 November 2012Less-empirial nulear density funtional theoryK.Wi±niewski � Inst. of Experimnental Physis, Univ. of Warsaw 15 November 2012Klasteryzaja z¡stek dziwnyh w g�stej materii j¡drowejClasterisation of strange partiles in dense nulear matter



HIL Annual Report 2012 87K. Grzelak � Inst. of Experimnental Physis, Univ. of Warsaw 22 November 2012Osylaje neutrin � najnowsze wynikiNeutrino osilations � the newest resultsD. Tarpanov � Inst. of Theoretial Physis, Univ. of Warsaw 29 November 2012E�et of polarization orretions on single-partile energies�. �widerski � NCNR, �wierk, Poland 6 Deember 2012Syntylatory do detekji neutronówNeutron detetion sintillatorsE.2.2 External seminars given by the HIL sta�J. Kownaki 10 January 2012OSIRIS-II ativity at HILEAGLE 2012 Workshop, HIL, Warszawa, PolandP. Napiorkowski 10 January 2012Is the 208Pb nuleus an ideal target for Coulomb exitation measurements?� A study of subbarrier neutron transfer reation with 40Ca beamEAGLE 2012 workshop, HIL, Warszawa, PolandL. Próhniak 11 January 2012EAGLE experiments � testing nulear struture theoriesEAGLE 2012 workshop, HIL, Warszawa, PolandP.J. Napiorkowski 22 February 2012HIL for GANASGANAS Kik-o� Meeting, Bormio, ItalyG. Jaworski 22�25 February 2012How to build neutron multipliity �lter NEDA � simulationsand experimental tests1st Topial Workshop on Modern Aspets in Nulear Struture, Bormio, ItalyP.J. Napiorkowski 5�7 Marh 2012Nulear Mirosope at the Heavy Ion Laboratory � invited talkFrontiers in Gamma Spetrosopy onferene, New Delhi, IndiaL. Próhniak 29 Marh 2012Dublety pasm rotayjnyh w j¡drah nieparzysto-nieparzystyhDublets of rotational bands in odd-odd nuleiMaria Skªodowska-Curie University, Lublin, Poland



88 HIL Annual Report 2012K. Rusek 26�29 Marh 2012Sattering of 8He on 208Pb at energies around the Coulomb barrierDREB 2012 Conferene, Pisa, ItalyK. Rusek 19 April 2012Fizyka J¡drowa i jej medyzne zastosowaniaNulear Physis and its medial appliationsNational Centre for Nulear Researh, �wierk, PolandJ. Jastrz�bski 15 May 2012Historia Budowy �Radiopharmeeutials Prodution and Researh Centre�The history of the onstrution of the Radiopharmeeutials Produtionand Researh CentreRadiopharmeeutials Prodution and Researh Centre Openning Ceremony,HIL, Warszawa, PolandJ. Choi«ski 16�19 May 2012Reently opened �Radipharmaeutials Prodution and Researh Centre�at HIL UWPETRAD2012 Conferene, HIL, Warszawa, PolandJ. Choi«ski 16�19 May 2012Radiopharmaeutials Prodution and Researh Center at HIL UW� invited talkPETRAD2012 Conferene, HIL, Warszawa, PolandJ. Choi«ski 25 May 2012�rodowiskowe Laboratorium Ci�»kih Jonów Uniwersytetu Warszawskiegojako przykªad laboratorium typu �users faility�Heavy Ion Laboratory of the University of Warsaw as an example of a �users faility�Maria Skªodowska-Curie University, Lublin, PolandM. Palaz 4�6 June 2012NEDA (Neutron Detetor Array)COPIGAL Workshop, Kraków, PolandE. Piaseki 4�6 June 2012Barrier Height Distribution Studies at HILCOPIGAL Workshop, Kraków, PolandK. Rusek 4�6 June 2012Struture of exoti halo nuleiCOPIGAL Workshop, Kraków, PolandK. Rusek 18�21 June 2012Nulear Physis and its medial appliations at the Polish National CylotronLaboratory (Warsaw/Craow) � invited talkENSAR ECOS Workshop, Menaggio, Italy



HIL Annual Report 2012 89K. Hady«ska-Kl�k 25�28 June 2012Coulomb exitation of the presumably superdeformed band in 42CaEGAN 2012 Workshop, Orsay, FraneA. Stolarz 25�28 June 2012Targets for nulear spetrosopy studies and not only � invited talkEGAN 2012 Workshop, Orsay, FraneJ. Mierzejewski 25�28 June 20124π silion ball � ∆E detetors for hannel seletion and full energy spetrumdeterminationEGAN 2012 Workshop, Orsay, FraneG. Jaworski 28 June 2012Neutron multipliity �lter NEDA � properties of BC501Aand BC537 sintillatorsEGAN 2012 Workshop, Anillary Detetors Group Meeting, Orsay, FraneG. Jaworski 28 June 2012On the edge of neutron detetion � innovative NEDA testsEGAN 2012 Workshop, Anillary Detetors Group Meeting, Orsay, FraneG. Jaworski 28 June 2012RFD simulationsEGAN 2012 Workshop, Simulations Group Meeting, Orsay, FraneG. Jaworski 28 June 2012NEDA simulationsEGAN 2012 Workshop, Simulations Group Meeting, Orsay, FraneG. Jaworski 17�18 August 2012NEDA � the future European neutron detetor arrayLow Energy Community Meeting, Argonne, National Laboratory, Argone, USAA. Stolarz 19�24 August 2012Targets for aelerator-based researh � invited talkINTDS Conferene, Mainz, GermanyA. Stolarz 19�24 August 2012Fine plasti foil as baking for sputtered nikel targetsINTDS Conferene, Mainz, GermanyK. Hady«ska-Kl�k 27 August � 2 September 2012Study of the 42Ca nulear struture using AGATA and EAGLE spetrometersZakopane Conferene on Nulear Physis, Zakopane, Poland



90 HIL Annual Report 2012M. Palaz 27 August � 2 September 2012Odd-parity exitations of the N=Z=50 oreZakopane Conferene on Nulear Physis, Zakopane, PolandL. Próhniak 27 August � 2 September 2012Superdeformed oblate superheavy nulei within self-onsistent approahZakopane Conferene on Nulear Physis, Zakopane, PolandK. Rusek 27 August � 2 September 2012Preliminary results of the sattering of 8He with heavy targetsZakopane Conferene on Nulear Physis, Zakopane, PolandK. Hady«ska-Kl�k 17�21 September 2012Study of the 42Ca nulear struture using AGATA and EAGLE spetrometersEuNPC 2012 - the Seond European Nulear Physis Conferene, Buharest, RomaniaP.J. Napiorkowski 24 September 2012�LCJ UW dla HTPRLHIL UW for HTPRLHTRPL Consoriummeeting, AGH University of Siene and Tehnology, Kraków, PolandJ. Mierzejewski 25�28 September 2012Conferene on nulear siene and its appliations, Samarkanda, UzbekistanModeling inomplete fusion reationsJ. Mierzejewski 9�13 July 2012Nulear Struture and Dynamis, Opatija, CroatiaModeling inomplete fusion reationsJ. Kownaki 8�10 November 2012Delayed neutrons investigationPROMETEO Workshop on NEDA Detetors: Mehanial and Eletroni Design,Valenia, SpainA. Trzi«ska 13 November 2012Od zego zale»y rozkªad barier kulombowskih?What does the Coulomb barrier distribution depends on?The H. Niewodniza«ski Institute of Nulear Physis PAN, Kraków, PolandK. Hady«ska-Kl�k 3�7 Deember 2012Reent results from the 42Ca COULEX�AGATA experiment2nd EGAN Shool, GSI Darmstadt, Germany



HIL Annual Report 2012 91E.2.3 Poster presentationsA. Kordyasz 22�27 January 2012Model of vauum, dark matter and hargeSpiral2 Week, GANIL, Caen, FraneA. Stolarz 26�29 August 2012
211At prodution on the inner beam of the Warsaw Cylotron4th International Wprkshop on Targetry and Target Chemistry, Playa del Carmen, MexioA. P�kal 26�29 April 2012Radiopharmaeutials Prodution and Researh Centre in Warsaw16th Eurp. Symp. on Radiopharmay and Radiopharmaeutials Nantes, FraneA. P�kal 12�13 May 2012Wykorzystanie metody headspae GC do oznazania pozostaªo±irozpuszzalników organiznyh w radiofarmaeutykahAppliation of the headspae GC method for the determination of residual organi solventsontent in radiofarmaeutialsPolish Radiofarmaeutials Conferene, �ód¹, PolandG. Jaworski 13�18 August 2012Building the neutron multipliity �lter NEDANulear Struture 2012 Conferene, Argonne National Laboratory, Argonne, USAM. �yzko, A. Bilewiz, J. Jastrz�bski, J. Choi«ski, A. Stolarz, A. Trzi«ska,D. Szzepaniak, B. W¡s, J. Chudyka, K. Tworek 19�22 September 2012Otrzymywanie kompleksów rodu z bifunkyjnym ligandem makroykliznymjako linkerów do znakowania biomolekuª astatem-211Preperation of rhodium omplexes with bifuntional maroyle ligand as linkers for la-belling of biomoleules with astatine-211XIII Congress of the Polish Soiety of Nulear Mediine, Kiele, PolandS.Krajewski, I.Cydzik, K.Abbas, A.Bulgheroni, F.Simonelli, U.Holzwarth,A.Majkowska-Pilip, A.Bilewiz 27�31 Otober 2012Simple and fast proedure of labelling DOTATATE with 86Y and 44SEANM 2012, Milan, Italy



92 HIL Annual Report 2012E.2.4 Letures for students and student laboratoriesK. Kilian Winter semesters of aademi years 2011/2012, 2012/2013, 30 hours eahMetody izotopowe i hemia farmaeutykówRadiohemistry and radiopharmayFaulty of Physis, University of Warsaw, Warszawa, PolandZ. Sze�i«ski Summer semester of aademi year 2011/2012, 30 hoursFizyka promieniowania jonizuj¡egoPhysis of the ionising radiationFaulty of Physis, University of Warsaw, Warszawa, PolandK. Kilian Summer semester of aademi years 2011/2012, 2012/2013, 60 hours eahPraownia radiofarmaeutykówLaboratory of radiopharmaeutialsFaulty of Physis, University of Warsaw, Warszawa, PolandZ. Sze�i«ski Winter semester of aademi year 2012/2013, 45 hoursFizyka I � MehanikaPhysis I � MehanisFaulty of Physis, University of Warsaw, Warszawa, PolandZ. Sze�i«ski January 2012, 4 hoursFizyka J¡drowa w diagnostye i terapii medyznejNulear Physis in the medial diagnostis and therapyOpen University, Warszawa, PolandM. Palaz Winter semesters of aademi years 2011/2012, 2012/2013, 30 hours eahPraownia ohrony radiologiznejRadioprotetion LaboratoryFaulty of Physis, University of Warsaw, Warszawa, PolandA. Trzi«ska Winter semesters of aademi years 2011/2012, 2012/2013, 30 hours eahPraownia ohrony radiologiznejRadioprotetion LaboratoryFaulty of Physis, University of Warsaw, Warszawa, PolandE.2.5 Siene popularisation leturesZ. Sze�i«ski 15 Marh 2012Radon w naszym otozeniuRadon in our environmentSeondary Shool, Pruszków, PolandZ. Sze�i«ski 2 April 2012Radon w naszym otozeniuRadon in our environmentLXVII High Shool, Warszawa, Poland



HIL Annual Report 2012 93Z. Sze�i«ski 15 Marh 2012Tomogra�a Pozytonowa - narz�dzie diagnostyki medyznej i bada« wysiªkowyhPositron Emission Tomography �-a tool for the medial diagnostis and exerise stresstestsCarolina Medial Center, Warszawa, PolandP.J. Napiorkowski 16 Marh 2012Fizyka J¡drowa nie taka strasznaNulear Physis is not so saryDay of siene in the Middle Shool at Celestynów, PolandK. Kilian 20�29 September 2012Zastosowanie �zyki j¡drowej w diagnostye medyznejAppliations of nulear physis in mediineXVI Festival of Siene, Warszawa, PolandK. Kilian 20�29 September 2012Tomogra�a emisji pozytonu (PET). Nowe mo»liwo±i dla nauki, ohronyzdrowia i przemysªuPositron emission tomography (PET). New opportunities for siene, health are and in-dustryXVI Festival of Siene, Warszawa, PolandP.J. Napiorkowski 20�29 September 2012Fizyka j¡drowa w wale z faªszerzami winNulear physis against wine forgersXVI Festival of Siene, Warszawa, PolandP.J. Napiorkowski 20�29 September 2012Fizyka dla bramkarzyPhysis for goalkeepersXV Festival of Siene, Warszawa, Poland





HIL Annual Report 2012 95E.3 PubliationsE.3.1 Publiations in journals of the Journal Citation Reports (JCR) listPubliations resulting from work performed with HIL failitiesE. Piaseki, W. Czarnaki, N. Keeley, M. Kisieli«ski, S. Klizewski, A. Kordyasz,M. Kowalzyk, S. Khlebnikov, E. Koshhiy, T. Krogulski, T. Loktev, M. Mutterer,A. Piorkowska, K. Rusek, M. Sillanpaa, A. Staudt, I. Strojek, S. Smirnov, W. H. Trzaska,and A. Trzinska.Weak hannels in baksattering of 20Ne on natNi, 118Sn, and 208Pb.Phys. Rev. C 85 (2012) 054604.E. Piaseki, L. Swiderski, N. Keeley, M. Kisieli«ski, M. Kowalzyk, S. Khlebnikov,T. Krogulski, K. Piaseki, G. Tiourin, M. Sillanpaa, W. H. Trzaska, and A. Trzinska.Smoothing of struture in the fusion and quasielasti barrier distributions forthe 20Ne + 208Pb system .Phys. Rev. C 85 (2012) 054608.I. Strojek, W. Czarnaki, W. Gawlikowiz, N. Keeley, M. Kisieli«ski, S. Klizewski,A. Kordyasz, E. Koshhiy, M. Kowalzyk, E. Piaseki, A. Piorkowska, K. Rusek,R. Siudak, A. Staudt, and A. Trzinska.Struture E�ets in 20Ne + 208Pb Quasi-elasti Sattering .Ata Phys. Pol. B 43 (2012) 339.J. Perkowski, J. Andrzejewski, T. Abraham, W. Czarnaki, C. Droste, E. Grodner,L. Janiak, M. Kisieli«ski, M. Kowalzyk, J. Kownaki, J. Mierzejewski, A. Korman,J. Samorajzyk, J. Srebrny, A. Stolarz, and M. Zielinska.Isomeri State 8− in 130Ba Studied by Conversion-eletron and Gamma-raySpetrosopy .Ata Phys. Pol. B 43 (2012) 273.J. Mierzejewski, A. A. Pasternak, J. Srebrny, and R. M. Lieder.Modeling inomplete fusion reations.Physia Sripta T150 (2012) 014026.K. Wrzosek-Lipska, L. Prohniak, M. Zielinska, J. Srebrny, K. Hadynska-Klek, J. Iwaniki,M. Kisieli«ski, M. Kowalzyk, P. J. Napiorkowski, D. Pietak, and T. Czosnyka.Eletromagneti properties of 100Mo: Experimental results and theoretialdesription of quadrupole degrees of freedom.Phys. Rev. C 86 (2012) 064305.J. Samorajzyk, J. Andrzejewski, L. Janiak, J. Perkowski, J. Skubalski, and A. Stolarz.Preparation and Tests of the Target for Prodution of 134Nd Nulei .Ata Phys. Pol. B 43 (2012) 325.G. Jaworski, M. Palaz, J. Nyberg, G. de Angelis, G. de Frane, A. D. Nitto, J. Egea,M. Erduran, S. Ertürk, E. Farnea, A. Gadea, V. González, A. Gottardo, T. Hüyük,J. Kownaki, A. Pipidis, B. Roeder, P.-A. Söderström, E. Sanhis, R. Tarnowski,A. Triossi, R. Wadsworth, and J. V. Dobon.



96 HIL Annual Report 2012Monte Carlo simulation of a single detetor unit for the neutron detetorarray NEDA.Nul. Inst. and Meth. A 673 (2012) 64 .P. Delahaye, A. Galata, J. Angot, G. Ban, L. Celona, J. Choinski, P. Gmaj,A. Jakubowski, P. Jardin, T. Kalvas, H. Koivisto, V. Kolhinen, T. Lamy, D. Lunney,L. Maunoury, A. M. Porellato, G. F. Prete, O. Stekiewiz, P. Sortais, T. Thuillier,O. Tarvainen, E. Traykov, F. Varenne, and F. Wenander.Prospets for advaned eletron ylotron resonane and eletron beam ionsoure harge breeding methods for EURISOL.Review of Sienti� Instruments 83 (2012) 02A906.Publiations resulting from work performed with external failitiesM. Albers, N. Warr, K. Nomura, A. Blazhev, J. Jolie, D. Muher, B. Bastin, C. Bauer,C. Bernards, L. Bettermann, V. Bildstein, J. Butterworth, M. Cappellazzo, J. Cederkall,D. Cline, I. Darby, S. Das Gupta, J. M. Daugas, T. Davinson, H. De Witte, J. Diriken,D. Filipesu, E. Fiori, C. Fransen, L. P. Ga�ney, G. Georgiev, R. Gernhauser,M. Hakstein, S. Heinze, H. Hess, M. Huyse, D. Jenkins, J. Konki, M. Kowalzyk,T. Kroll, R. Kruken, J. Litzinger, R. Lutter, N. Marginean, C. Mihai, K. Moshner,P. Napiorkowski, B. S. Nara Singh, K. Nowak, T. Otsuka, J. Pakarinen, M. Pfei�er,D. Radek, P. Reiter, S. Rigby, L. M. Robledo, R. Rodriguez-Guzman, M. Rudigier,P. Sarriguren, M. Shek, M. Seidlitz, B. Siebek, G. Simpson, P. Thole, T. Thomas,J. Van de Walle, P. Van Duppen, M. Vermeulen, D. Voulot, R. Wadsworth, F. Wenander,K. Wimmer, K. O. Zell, and M. Zielinska.Evidene for a Smooth Onset of Deformation in the Neutron-Rih KrIsotopes.Phys. Rev. Lett 108 (2012) 062701.D. D. DiJulio, J. Cederkall, C. Fahlander, A. Ekstrom, M. Hjorth-Jensen, M. Albers,V. Bildstein, A. Blazhev, I. Darby, T. Davinson, H. De Witte, J. Diriken, C. Fransen,K. Geibel, R. Gernhauser, A. Gorgen, H. Hess, J. Iwaniki, R. Lutter, P. Reiter, M. Shek,M. Seidlitz, S. Siem, J. Taprogge, G. M. Tveten, J. Van de Walle, D. Voulot, N. Warr,F. Wenander, and K. Wimmer.Coulomb exitation of 107Sn.Eur.Phys.J. A 48 (2012) 105.D. D. DiJulio, J. Cederkall, C. Fahlander, A. Ekstrom, M. Hjorth-Jensen, M. Albers,V. Bildstein, A. Blazhev, I. Darby, T. Davinson, H. De Witte, J. Diriken, C. Fransen,K. Geibel, R. Gernhauser, A. Gorgen, H. Hess, J. Iwaniki, R. Lutter, P. Reiter, M. Shek,M. Seidlitz, S. Siem, J. Taprogge, G. M. Tveten, J. Van de Walle, D. Voulot, N. Warr,F. Wenander, and K. Wimmer.Exitation strengths in 109Sn: Single-neutron and olletive exitations near
100Sn .Phys. Rev. C 86 (2012) 031302.N. Patronis, A. Pakou, D. Pierroutsakou, A. M. Sanhez-Benitez, L. Aosta, N. Alamanos,A. Boiano, G. Inglima, D. Filipesu, T. Glodariu, A. Guglielmetti, M. La Commara,G. Lalazissis, I. Martel, C. Mazzohi, M. Mazzoo, P. Molini, C. Parasandolo,



HIL Annual Report 2012 97M. Sandoli, C. Signorini, R. Silvestri, F. Soramel, E. Stiliaris, M. Romoli, A. Trzinska,K. Zerva, E. Vardai, and A. Vitturi.Probing the 17F+p potential by elasti sattering at near-barrier energies.Phys. Rev. C 85 (2012) 024609.E. De Filippo, A. Pagano, P. Russotto, F. Amorini, A. Anzalone, L. Auditore, V. Baran,I. Bereanu, B. Borderie, R. Bougault, M. Bruno, T. Cap, G. Cardella, S. Cavallaro, M. B.Chatterjee, A. Chbihi, M. Colonna, M. D'Agostino, R. Dayras, M. Di Toro, J. Frankland,E. Galihet, W. Gawlikowiz, E. Gerai, A. Grzeszzuk, P. Guazzoni, S. Kowalski, E. LaGuidara, G. Lanzalone, G. Lanzano, N. Le Neindre, I. Lombardo, C. Maiolino, M. Papa,E. Piaseki, S. Pirrone, R. Planeta, G. Politi, A. Pop, F. Porto, M. F. Rivet, F. Rizzo,E. Rosato, K. Shmidt, K. Siwek-Wilzynska, I. Skwira-Chalot, A. Tri�ro, M. Trimarhi,G. Verde, M. Vigilante, J. P. Wielezko, J. Wilzynski, L. Zetta, and W. Zipper.Correlations between emission timesale of fragments and isospin dynamisin 124Sn+64Ni and 112Sn+58Ni reations at 35 A MeV .Phys. Rev. C 86 (2012) 014610.N. Keeley, K. W. Kemper, and K. Rusek.Bound state form fators from knokout in 10Be(d, t) neutron pikup.Phys. Rev. C 86 (2012) 014619.G. Marquinez-Duran, A. M. Sanhez-Benitez, I. Martel, R. Berjillos, J. Duenas, V. V.Parkar, L. Aosta, K. Rusek, M. A. G. Alvarez, J. Gomez-Camaho, M. J. G. Borge,C. Cruz, M. Cubero, V. Pesudo, O. Tengblad, A. Chbihi, J. P. Fernandez-Garia,B. Fernandez Martinez, J. A. Labrador, A. H. Ziad, J. L. Flores, N. Keeley, L. Standylo,I. Strojek, M. Marques, M. Mazzoo, A. Pakou, N. Patronis, D. Pierroutsakou,R. Silvestri, R. Raabe, N. Soi, and R. Wolski.Sattering of 8He on 208Pb at Energies Around the Coulomb Barrier .Ata Phys. Pol. B 43 (2012) 239.X. Mougeot, V. Lapoux, W. Mittig, N. Alamanos, F. Auger, B. Avez, D. Beaumel,Y. Blumenfeld, R. Dayras, A. Drouart, C. Fore, L. Gaudefroy, A. Gillibert, J. Guillot,H. Iwasaki, T. Al Kalanee, N. Keeley, L. Nalpas, E. C. Pollao, T. Roger,P. Roussel-Chomaz, D. Suzuki, K. W. Kemper, T. J. Mertzimekis, A. Pakou, K. Rusek,J. A. Sarpai, C. Simenel, I. Strojek, and R. Wolski.New exited states in the halo nuleus 6He.Phys.Lett. B 718 (2012) 441.K. Rusek, I. Martel, A. M. Sanhez-Benitez, and L. Aosta.
10Be Yield from 11Be + 120Sn Interation at the Coulomb Barrier .Ata Phys. Pol. B 43 (2012) 233.K. Zerva, A. Pakou, N. Patronis, P. Figuera, A. Musumarra, A. Di Pietro, M. Fisihella,T. Glodariu, M. La Commara, M. Lattuada, M. Mazzoo, M. G. Pellegriti, D. Pierroutsakou,A. M. Sanhez-Benitez, V. Suderi, E. Strano, and K. Rusek.Quasi-elasti baksattering of 6,7Li on light, medium and heavy targets atnear- and sub-barrier energies.Eur.Phys.J. A 48 (2012) 102.



98 HIL Annual Report 2012M. Palaz, J. Nyberg, H. Grawe, K. Sieja, G. de Angelis, P. Bednarzyk, A. Blazhev,D. Curien, Z. Dombradi, O. Dorvaux, J. Ekman, J. Galkowski, M. Gorska, J. Iwaniki,G. Jaworski, J. Kownaki, J. Ljungvall, M. Moszynski, F. Nowaki, D. Rudolph, D. Sohler,D. Wolski, and M. Zieblinski.N=50 ore exited states studied in the 96
46Pd50 nuleus.Phys. Rev. C 86 (2012) 014318.M. Sugawara, T. Hayakawa, M. Oshima, Y. Toh, A. Osa, M. Matsuda, T. Shizuma,Y. Hatsukawa, H. Kusakari, T. Morikawa, Z. G. Gan, and T. Czosnyka.Possible antimagneti rotational band and neutron alignment in 101Pd .Phys. Rev. C 86 (2012) 034326.S. Akkoyun, A. Algora, B. Alikhani, F. Ameil, G. de Angelis, L. Arnold, A. Astier,A. Ataç, Y. Aubert, C. Aufran, A. Austin, S. Aydin, F. Azaiez, S. Badoer, D. Balabanski,D. Barrientos, G. Baulieu, R. Baumann, D. Bazzao, F. Bek, T. Bek, P. Bednarzyk,M. Bellato, M. Bentley, G. Benzoni, R. Berthier, L. Berti, R. Beunard, G. L. Biano,B. Birkenbah, P. Bizzeti, A. Bizzeti-Sona, F. L. Blan, J. Blaso, N. Blasi, D. Bloor,C. Boiano, M. Borsato, D. Bortolato, A. Boston, H. Boston, P. Bourgault, P. Boutahkov,A. Bouty, A. Brao, S. Brambilla, I. Brawn, A. Brondi, S. Broussard, B. Bruyneel,D. Buuresu, I. Burrows, A. Bürger, S. Cabaret, B. Cahan, E. Calore, F. Camera,A. Capsoni, F. Carrió, G. Casati, M. Castoldi, B. Cederwall, J.-L. Cerus, V. Chambert,M. E. Chambit, R. Chapman, L. Charles, J. Chavas, E. Clément, P. Cooni, S. Coelli,P. Coleman-Smith, A. Colombo, S. Colosimo, C. Commeaux, D. Conventi, R. Cooper,A. Corsi, A. Cortesi, L. Costa, F. Crespi, J. Cresswell, D. Cullen, D. Curien, A. Czermak,D. Delbourg, R. Depalo, T. Desombes, P. Désesquelles, P. Detistov, C. Diarra,F. Didierjean, M. Dimmok, Q. Doan, C. Domingo-Pardo, M. Donel, F. Dorangeville,N. Dosme, Y. Drouen, G. D. ne, B. Dulny, J. Eberth, P. Edelbruk, J. Egea, T. Engert,M. Erduran, S. Ertürk, C. Fanin, S. Fantinel, E. Farnea, T. Faul, M. Filliger, F. Filmer,C. Fink, G. de Frane, A. Gadea, W. Gast, A. Gerai, J. Gerl, R. Gernhäuser,A. Giannatiempo, A. Giaz, L. Gibelin, A. Givehev, N. Goel, V. González, A. Gottardo,X. Grave, J. Gre�bosz, R. Gri�ths, A. Grint, P. Gros, L. Guevara, M. Gulmini,A. Görgen, H. Ha, T. Habermann, L. Harkness, H. Harroh, K. Haushild, C. He,A. Hernández-Prieto, B. Hervieu, H. Hess, T. Hüyük, E. Ine, R. Isorate, G. Jaworski,A. Johnson, J. Jolie, P. Jones, B. Jonson, P. Joshi, D. Judson, A. Junglaus, M. Kai,N. Karkour, M. Karolak, A. Ka³ka³, M. Kebbiri, R. Kempley, A. Khaplanov, S. Klupp,M. Kogimtzis, I. Kojouharov, A. Korihi, W. Korten, T. Kröll, R. Krüken, N. Kurz,B. Ky, M. Labihe, X. Lafay, L. Lavergne, I. Lazarus, S. Leboutelier, F. Lefebvre, E. Legay,L. Legeard, F. Lelli, S. Lenzi, S. Leoni, A. Lermitage, D. Lersh, J. Leske, S. Letts,S. Lhenoret, R. Lieder, D. Linget, J. Ljungvall, A. Lopez-Martens, A. Lotodé, S. Lunardi,A. Maj, J. van der Marel, Y. Mariette, N. Marginean, R. Marginean, G. Maron, A. Mather,W. Me�zy«ski, V. Mendéz, P. Medina, B. Melon, R. Menegazzo, D. Mengoni, E. Merhan,L. Mihailesu, C. Mihelagnoli, J. Mierzejewski, L. Milehina, B. Million, K. Mitev,P. Molini, D. Montanari, S. Moon, F. Morbidui, R. Moro, P. Morrall, O. Möller,A. Nannini, D. Napoli, L. Nelson, M. Nespolo, V. Ngo, M. Nioletto, R. Niolini,Y. L. Noa, P. Nolan, M. Norman, J. Nyberg, A. Obertelli, A. Olariu, R. Orlandi,D. Oxley, C. Özben, M. Ozille, C. Oziol, E. Pahoud, M. Palaz, J. Palin, J. Panin,C. Parisel, P. Pariset, G. Pasovii, R. Peghin, L. Pellegri, A. Perego, S. Perrier, M. Petu,P. Petkov, C. Petrahe, E. Pierre, N. Pietralla, S. Pietri, M. Pignanelli, I. Piqueras,



HIL Annual Report 2012 99Z. Podolyak, P. L. Pouhale, J. Pouthas, D. Pugnére, V. Puknell, A. Pullia, B. Quintana,R. Raine, G. Rainovski, L. Ramina, G. Rampazzo, G. L. Rana, M. Rebeshini, F. Rehia,N. Redon, M. Reese, P. Reiter, P. Regan, S. Riboldi, M. Riher, M. Rigato, S. Rigby,G. Ripamonti, A. Robinson, J. Robin, J. Roaz, J.-A. Ropert, B. Rossé, C. R. Alvarez,D. Rosso, B. Rubio, D. Rudolph, F. Saillant, E. �ahin, F. Salomon, M.-D. Salsa, J. Salt,G. Salvato, J. Sampson, E. Sanhis, C. Santos, H. Sha�ner, M. Shlarb, D. Sraggs,D. Seddon, M. �enyi it, M.-H. Sigward, G. Simpson, J. Simpson, M. Slee, J. Smith,P. Sona, B. Sowiki, P. Spolaore, C. Stahl, T. Stanios, E. Stefanova, O. Stézowski,J. Strahan, G. Suliman, P.-A. Söderström, J. Tain, S. Tanguy, S. Tashenov, C. Theisen,J. Thornhill, F. Tomasi, N. Toniolo, R. Touzery, B. Travers, A. Triossi, M. Tripon,K. Tun-Lanoë, M. Turato, C. Unsworth, C. Ur, J. Valiente-Dobon, V. Vandone,E. Vardai, R. Venturelli, F. Veronese, C. Veyssiere, E. Visione, R.Wadsworth, P. Walker,N. Warr, C. Weber, D. Weisshaar, D. Wells, O. Wieland, A. Wiens, G. Wittwer,H. Wollersheim, F. Zoa, N. Zam�r, M. Zi�bli«ski, and A. Zuhiatti.AGATA Advaned GAmma Traking Array .Nul. Inst. and Meth. A 668 (2012) 26 .J. Mierzejewski, A. Pasternak, J. Srebrny, and R. Lieder.Modelling Inomplete Fusion Reations.Physia Sripta T150 (2012) 014026.I. Cydzik, A. Bilewiz, K. Abbas, A. Bulgheroni, F. Simonelli, U. Holzwarth, andN. Gibson.A novel method for synthesis of 56Co radiolabelled silia nanopartiles.Journal of Nanopartile Researh 14 (2012) 10.
E.3.2 Other publiations in journals and onferene proeedings not inludedin the JCR listJ. Choi«ski, J. Jastrz�bskiThe Opening Ceremony of the Radiopharmaeutials Prodution and ResearhCentre at the Heavy Ion Laboratory of the University of Warsaw, May 15,2012, followed by an International Conferene PETRAD2012Nulear Mediine Review 15 (2012) 2:85-86J. Choi«ski, J. Jastrz�bski, K. Kilian, I. Mazur, P.J. Napiorkowski, A. P�kal,D. SzzepaniakThe Radiopharmaeutials Prodution and Researh Centre at the Heavy IonLaboratory of the University of WarsawNulear Mediine Review 15 (2012), Suppl C: C5�C8



100 HIL Annual Report 2012A. Rudhik, K. Cheras, A. Rudhik, E. Koshhy, S. Klizewski, K. Rusek, V. Plujko,O. Ponkratenko, S. Mezhevyh, V. Pirnak, R. Sudak, J. Choi«ski, B. Czeh, andA. Szzurek.The 6Li(18O, 17O)7Li reation mehanisms and 7Li + 17O potential .Nulear Physis and Atomi Energy � Jaderna Fizika ta Energetika 13 (2012) 371.In Ukrainian.A. Rudhik, R. Zelinskyi, A.A. Rudhik, V. Pirnak, S. Klizewski, E. Koshhy, K. Rusek,V. Plujko, O. Ponkratenko, S. Mezhevyh, A. Ilyin, V. Uleshenko, R. Siudak, J. Choi«ski,B. Czeh, and A. Szzurek.Elasti and inelasti sattering of 18O ions by 6Liat 114 MeV and isotopidi�erenes of 6,7Li + 18O and 6Li + 16,18O nulei interations.Nulear Physis and Atomi Energy � Jaderna Fizika ta Energetika 13 (2012) 371.In Ukrainian.E. Grodner, J. Srebrny, A. A. Pasternak, C. Droste, M. Kowalzyk, M. Kisieli«ski,J. Mierzejewski, M. Golebiowski, T. Marhlewski, T. Krajewski, D. Karpinski,P. Olszewski, P. Jones, T. Abraham, J. Perkowski, L. Janiak, J. Samorajzyk,J. Andrzejewski, J. Kownaki, K. Hadynska-Klek, P. Napiorkowski, M. Komorowska, andS. F. Ozmen.Spontaneous time-reversal symmetry breaking in 124Cs.AIP Conferene Proeedings 1491 (2012) 140.A. Kordyasz, M. Kowalzyk, M. Kisieli«ski, A. Bednarek, H. Hady«ska-Kl�k, A. Wieloh,Z. Sosin, D. Atanasov, J. Sarneki, A. Brzozowski, J. Jagielski, M. Teodorzyk,M. Gajewski, A. Wi±niewska, K. Krzy»ak, G. Gawlik, and A. Zagojski.Silion vertex detetor for superheavy elements identi�ation .EPJ Web of Conferenes 31 (2012) 00041.E. Grodner, A. Pasternak, J. Srebrny, M. Kowalzyk, M. Kisieli«ski, P. Deowski,C. Droste, J. Perkowski, T. Abraham, J. Andrzejewski, K. Hady«ska-Kl�k, �. Janiak,A. Kasparek, T. Marhlewski, P. Napiorkowski, and J. Samorajzyk".DSA lifetime measurements of 124Cs and the time-reversal symmetry .Journal of Physis: Conferene Series 381 (2012) 012067.S. Hamada, N. Burtebayev, N. Amangeldi, K. A. Gridnev, K. Rusek, Z. Kerimkulov, andN. Maltsev.Phenomenologial and semi-mirosopi analysis for 16O and 12C elastiallysatering on the nuleus of 16O and 12C at Energies near the Coulomb barrier .Journal of Physis: Conferene Series 381 (2012) 012130.R. Najman, R. Pªaneta, A. Sohoka, F. Amorini, L. Auditore, A. Bubak, T. Cap,G. Cardella, E. D. Filippo, E. Gerai, L. Grassi, A. Grzeszzuk, E. L. Guidara, J. Han,D. Loria, S. Kowalski, T. Kozik, G. Lanzalone, I. Lombardo, Z. Majka, N. G. Niolis,A. Pagano, E. Piaseki, S. Pirrone, G. Politi, F. Rizzo, P. Russotto, K. Siwek-Wilzyéska,I. Skwira-Chalot, A. Tri�ró, M. Trimarhi, J. Wilzy«ski, G. Verde, and W. Zipper.Global harateristis of 197Au + 197Au ollisions at 23 AMeV .EPJ Web of Conferenes 31 (2012) 00026.



HIL Annual Report 2012 101G. Politi, S. Pirrone, M. La Commara, J. P. Wielezko, G. Ademard, E. De Filippo,M. Vigilante, F. Amorini, L. Auditore, C. Bek, I. Bereanu, E. Bonnet, B. Borderie,G. Cardella, A. Chbihi, M. Colonna, A. D'Onofrio, J. D. Frankland, E. Gerai, E. Henry,E. LaGuidara, G. Lanzalone, P. Lautesse, D. Lebhertz, N. LeNeindre, I. Lombardo,D. Loria, K. Mazurek, A. Pagano, M. Papa, E. Piaseki, F. Porto, M. Quinlann, F. Rizzo,E. Rosato, P. Russotto, W. U. Shroeder, G. Spadaini, A. Tri�ro, J. Toke, M. Trimarhi,and G. Verde.Study and omparison of the deay modes of the systems formed in thereations 78Kr+40Ca and 86Kr+48Ca at 10 AMeV .Pro.3rd International Workshop on Compound-Nulear Reations and Related Topis(2012), p. 02003.E.3.3 Internal reportsR. Ta«zyk, M. Kopka, I. SkrzezanowskaProjekt tehnizno-tehnologizny w zakresie ohrony radiologiznej praowniizotopowej klasy III przeznazonej do zaj�¢ dydaktyznyh i bada« naukowyhz wykorzystaniem Gamma KameryTehnial and tehnologial design of the radio-protetion of a lass III isotop laboratoryfor teahing and researh with the Gamma Camera



102 HIL Annual Report 2012E.4 AwardsHeavy Ion Laboratory Prize founded by Prof. T. InamuraThe prize was established by Professor Takashi Tom Inamura who worked in the HeavyIon Laboratory in the years 1998�2002 and made a great ontribution to its development.An award in the amount of 5.000 USD is granted every seond year to reognise andsupport young researhers with outstanding experimental or tehnial ahievements in the�eld of nulear and atomi physis or related subjets. The results should be obtainedusing the Warsaw Cylotron or other HIL apparatus. Candidates must be sientistsor PhD students below the age of 36 on the day of appliation. The most importantseletion riterion is the andidate's aademi ahievement demonstrated by publiationsin international journals and presentations at international onferenes. Ahievements inthe �eld of interdisiplinary appliations of the HIL ylotron are highly valued.In the �fth edition, in 2012, the Heavy Ion Laboratory Prize was awarded toDr Joanna Czub from the Jan Kohanowski University in Kiele, for her ontributionto radiobiologial studies pursued in-beam at the Warsaw Cylotron.The Retor of the University of Warsaw awardsE. Piaseki, A. Trzi«skaFor a series of publiations on fusion barrier height distributionsI. MazurFor work on the PET projetOther awards granted to HIL sta� and PhD studentsKatarzyna Hady«ska-Kl�kPolish Ministry of Siene and Higher Eduation sholarship for the best dotoral studentsfor the aademi year 2012/2013Katarzyna Hady«ska-Kl�k�The Modern University� Sholarship for the best dotoral students, granted for theaademi year 2011/2012 � a omprehensive support program for dotoral students andteahing sta� of the University of Warsaw, PolandGrzegorz JaworskiResearh and development sholarship for best PhD students, granted for the aademiyear 2012/2013 by the Faulty of Physis, Warsaw University of TehnologyGrzegorz JaworskiSholarship for the aademi year 2012/2013 within the projet �Sienti� potential asa support for the Mazovian eonomy� granted by the Marshal's O�e of the MazovianVoivodeship



HIL Annual Report 2012 103E.5 Laboratory sta�Diretor: Krzysztof RusekDeputy diretor: Jarosªaw Choi«skiFinanial exeutive: Paweª NapiorkowskiSenior sientists:Jerzy Jastrz�bskia, Jan Kownakia, Andrzej Kordyasza, Ernest Piasekia,Ludwik Pie«kowskib, Krzysztof Rusek, Józef Sura, Zygmunt Sze�i«skiaSienti� sta� and engineers:Tomasz Abraham, Andrzej Bednarek, Izabela Cydzikd, Jarosªaw Choi«ski,Bohdan Filipiaka, Przemysªaw Gmaj, J�drzej Iwanikie, Andrzej Jakubowski,Krzysztof Kilian, Maiej Kisieli«skia, Marian Kopka, Mihaª Kowalzyka,Ireneusz Mazur, Jan Miszzak, Paweª Napiorkowski, Marin Palaz, Daniel Pi�takf,Leszek Próhniakg, Mateusz Sobolewski, Olga Stezkiewiz, Anna Stolarz,Julian Srebrnya, Dorota Szzepaniak, Roman Ta«zyk, Radosªaw Tarnowski,Agnieszka Trzi«ska, Marzena Woli«ska-Cihokae, Katarzyna Wrzosek-LipskaeDotoral andidates:Katarzyna Hady«ska-Kl�kh, Grzegorz Jaworskii, Tomasz Marhlewskih,Jan Mierzejewskih, Anna P�kaljTehniians:Mariusz Antzak, Tomasz Braha, Marek Figat, Andrzej Góreki, Piotr Jasi«ski,Wiesªaw Kalisiewiz, Wojieh Kozazka, Zbigniew Kruszy«ski, Piotr Krysiak,Krzysztof �ab�da, Zygmunt Morozowiz, Bogusªaw Paprzyki, Wiesªaw Perkowskia,Andrzej Pietrzak, Krzysztof Pietrzak, Irena Skrzezanowskaa, Krzysztof SosnowskiAdministration and support:Anna Bªaszzyk-Duda, Marek Budziszewski, Przemysªaw Czwarnokk, Rafaª Kl�k,Barbara Kowalska, Agnieszka Maiejewska, Ewa Soba«ska, Lidia Strzelzyk,Krystyna Szzepaniak, Sylwester �wieiki, Iwona Tomaszewskal, Joanna Wasilewska,Wanda Wesoªy, Andrzej Wiehowski, Katarzyna Wªodarzykaapart timebuntil 31 Marh 2012sine 1 April 2012don long term leave until 15 Deember 2012eon long term leavefuntil 31 July 2012gsine 1 Otober 2012hPhD student at the Institute of Experimental Physis, University of WarsawiPhD student at the Faulty of Physis, Warsaw University of TehnologyjPhD student at the Faulty of Chemistry, University of Warsawksine 1 Otober 2012luntil 30 September 2012



104 HIL Annual Report 2012E.6 Laboratory Counil1. Prof. dr hab. Józef AndrzejewskiNulear Physis Division,University of �ód¹90-236 �ód¹, ul. Pomorska 149/1532. Prof. dr hab. Janusz BraziewizInstitute of Physis,Jan Kohanowski University25-406 Kiele, ul. �wi�tokrzyska 153. Prof. dr hab. in». Andrzej ChmielewskiInstitute of Nulear Chemistryand Tehnology03-195 Warszawa, ul. Dorodna 164. Prof. dr hab. in». Jaek JagielskiInstitute of Eletroni Materialsand Tehnology01-919 Warszawa, ul. Wólzy«ska 1335. Prof. dr hab. Jerzy Jastrz�bskiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A6. Prof. dr hab. Marta Kii«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 KuleszaFaulty of Chemistry,University of Warsaw02-093 Warszawa, ul. Pasteura 19. Prof. dr hab. in». Tadeusz KulikWarsaw University of Tehnology00-661 Warszawa, pl. Politehniki 110. Prof. dr hab. Adam MajThe Henryk Niewodniza«skiInstitute of Nulear Physis,Polish Aademy of Sienes31-342 Kraków, ul. Radzikowskiego 15211. Dr hab. Sªawomir NazarewskiMedial University of Warsaw02-091 Warszawa, ul. �wirki i Wigury 61

12. Prof. dr hab. Paweª OlkoThe Henryk Niewodniza«skiInstitute of Nulear Physis,Polish Aademy of Sienes31-342 Kraków, ul. Radzikowskiego 15213. Prof. dr hab. Marek PfutznerFaulty of Physis, University of Warsaw00-681 Warszawa, ul. Ho»a 6914. Prof. dr hab. Ernest Piaseki(Chairman of the Counil)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A15. Dr hab. Ludwik Pie«kowskiHeavy 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(Diretor of HIL)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A18. Prof. dr hab. Teresa Rz¡a-UrbanFaulty of Physis, University of Warsaw00-681 Warszawa, ul. Ho»a 6919. Prof. dr hab. Adam SobizewskiThe National Centre for Nulear Researh00-681 Warszawa, ul. Ho»a 6920. Prof. dr hab. Henryk SzymzakInstitute of Physis,Polish Aademy of Sienes02-668 Warszawa, Al. Lotników 32/4621. Prof. dr hab. Grzegorz WrohnaThe Andrzej Soªtan Institutefor Nulear Studies05-400 �wierk k/Warszawy22. Prof. dr hab. Wiktor ZipperA. Cheªkowski Institute of PhysisUniversity of Silesia40-007 Katowie, ul. Uniwersyteka 4



HIL Annual Report 2012 105E.7 Programme Advisory CommitteePAC members
• Dimiter Balabanski (University of So�a, Bulgaria)
• Konrad Czerski (Institute of Physis, University of Szzein; Physis Department,Tehnial University of Berlin, Germany)
• Bogdan Fornal (Henryk Niewodniza«ski Institute of Nulear Physis, PolishAademy of Sienes, Kraków)
• Gilles de Frane (GANIL, Caen, Frane)
• Andres Gadea (University of Valenzia, Spain)
• Zenon Janas (Faulty of Physis, University of Warsaw)
• Niholas Keeley (National Centre for Nulear Studies, Warszawa)
• Rainer Lieder (University of Bonn, Germany)
• Piotr Magierski (Faulty of Physis, Warsaw University of Tehnology)
• Leszek Próhniak (Maria Curie-Skªodowska University, Lublin)
• Brunon Sikora (Faulty of Physis, University of Warsaw)
• Wªadysªaw Trzaska (University of Jyväskylä, Finland)The international Programme Advisory Committee of the Heavy Ion Laboratory meetsusually twie a year, in spring and in autumn. The deadline for submitting proposalsis three weeks before a PAC meeting. PAC approved experiments are sheduled at themeetings of the Users' Committee, whih also serves as a link between ylotron usersand the Laboratory. The Users' Committee is haired by Julian Srebrny (HIL UW).



106 HIL Annual Report 2012E.8 External partiipants in HIL experiments and HIL guestsA.A. Amar Kazakh National University, Almaty, KazakhstanJ. Andrzejewski University of �ód¹, PolandD. Aygon Akdeniz University, Antalya, TurkeyM. Baktybayev Inst. of Nul. Phys. of National Nulear Center, Almaty, KazakhstanD.Balabanski So�a University �St. Kliment Ohridski�, So�a, BulgariaD. Bana± Holyross Caner Center, Kiele, PolandV. Bekhterev Joint Institute for Nulear Researh, Dubna, RussiaS. Bogomolov Joint Institute for Nulear Researh, Dubna, RussiaS. Borisovih National Researh Center �Kurhatov Institute�, Mosow, RussiaJ. Braziewiz Institute of Physis, Jan Kohanowski University, Kiele, PolandM. Burtebayev Inst. of Nul. Phys. of National Nulear Center, Almaty, KazakhstanN. Burtebayev Inst. of Nul. Phys. of National Nulear Center, Almaty, KazakhstanJ. Chudyka Institute of Physis, University of Silesia, Katowie, PolandJ. Ciesielzuk Institute of Physis, University of Silesia, Katowie, PolandE. Clement GANIL, Caen, FraneM. Czerwi«ski Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandJ. Czub Institute of Physis, Jan Kohanowski University, Kiele, PolandA. Drouart IRFU/SPhN, CEA Salay, Gif-sur-Yvette, FraneC. Droste Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandD. Filipesu H. Hulubei Nat. Inst. of Phys. and Nul. Eng., Buurest, RomaniaA. Gadea Instituto de Físia Corpusular, Valenia, SpainG. de Frane GANIL, Caen, FraneA. Goergen Department of Physis, University of Oslo, Oslo, NorwayA.I. Gheorge H. Hulubei Nat. Inst. of Phys. and Nul. Eng., Buurest, RomaniaM. Garnzarek Institute of Physis, University of Silesia, Katowie, PolandE. Grodner Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandSh. Hamada Faulty of Siene, Tanta University, Tanta, EgyptI. Ivanenko Joint Institute for Nulear Researh, Dubna, RussiaZ. Janas Inst. of Exp. Physis, University of Warsaw, Warszawa, Poland�. Janiak Fa. of Physis and Applied Computer Si., U. of Lodz, �ód¹, PolandM. Jaskóªa The National Centre for Nulear Researh, Otwok, �wierk, PolandM. Jastrz¡b The H. Niewodniza«ski Inst. of Nul. Physis PAN, Kraków, PolandD. Karpi«ski Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandN. Kesteloot Instituut voor Kern- en Stralingfysia, K.U. Leuven, Leuven, BelgiumU. Ka¹mierzak Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandK. Kemper Physis Department, Florida State University, Tallahassee, USAN.Y. Kheswa iThemba Lab. for Aelerator Based Sienes, Faure, South AfriaS. Klizewski The H. Niewodniza«ski Inst. of Nul. Physis PAN, Kraków, PolandP. Kozo« Gesellshaft für Shwerionenforshung, Darmstadt, GermanyA. Konefaª Institute of Physis, University of Silesia, Katowie, PolandA. Korman The National Centre for Nulear Researh, Otwok, �wierk, PolandA. Korgul Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandA. Ku Institute of Physis, University of Silesia, Katowie, PolandR. Kumar Nul. Phys. Group, Inter Univ. A. Centre, New Delhi, India



HIL Annual Report 2012 107W. Kurewiz Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandA. Ku¹niak Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandA. Lanko� Institute of Nulear Chemistry and Tehnology, Warszawa, PolandS. Lewandowski Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandR. Lieder HISKP, University of Bonn, Bonn, GermanyA. Maj The H. Niewodniza«ski Inst. of Nul. Physis PAN, Kraków, PolandN. Maulen Kazakh National University, Almaty, KazakhstanI. Martel Bravo University of Huelva, Huelva, SpainCh. Mazzohi Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandC. Mihai H. Hulubei Nat. Inst. of Phys. and Nul. Eng., Buurest, RomaniaA. Molenda Fa. of Physis and Applied Computer Si., U. of Lodz, �ód¹, PolandW. Nawroik Adam Mikiewiz University, Pozna«, PolandF. Nemulodi iThemba Lab. for Aelerator Based Sienes, Faure, South AfriaS.F. Özmen Akdeniz University, Antalya, TurkeyA. Pasternak A.F. Io�e Physial Tehnial Institute, St. Petersburg, RussiaN. Patronis University of Ioannina, Ioannina, GreeeJ. Perkowski Fa. of Physis and Applied Computer Si., U. of Lodz, �ód¹, PolandP.G. Quentin CENBG, Bordeaux-Gradignan, FraneS. Sayabeki Eurasia National University, Astana, KazakhstanS. Sakuta National Researh Center �Kurhatov Institute�, Mosow, RussiaS. Sakhiev Eurasia National University, Astana, KazakhstanJ. Samorajzyk Fa. of Physis and Applied Computer Si., U. of Lodz, �ód¹, PolandJ. Skubalski Fa. of Physis and Applied Computer Si., U. of Lodz, �ód¹, PolandK. Szkliniarz Institute of Physis, University of Silesia, Katowie, PolandA. �migielska Institute of Physis, University of Silesia, Katowie, PolandS.Y. Torilov Inst. of Phys., St. Petersburg State Univ., St. Petersburg, RussiaG. Tiourin Department of Physis, University of Jyväskylä, FinlandK. Tworek Institute of Physis, University of Silesia, Katowie, PolandW. Trzaska Department of Physis, University of Jyväskylä, FinlandA. Wojtasiewiz Inst. of Exp. Physis, University of Warsaw, Warszawa, PolandK.Wrzosek-Lipska Instituut voor Kern- en Stralingfysia, K.U. Leuven, Leuven, BelgiumM. Zieli«ska IRFU/SPhN, CEA Salay, Gif-sur-Yvette, FraneW. Zipper Institute of Physis, University of Silesia, Katowie, Poland


