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IntrodutionHeavy Ion Laboratory (HIL) is a part of the University of Warsaw, the largest university inPoland. It is the largest experimental nulear physis laboratory in the ountry, equippedwith a K=160 ylotron. The �rst beam was extrated in 1993 and sine that time HIL isan e�etive �user faility�, serving up to the present time over 350 sientists from Polandand abroad and beoming a reognised element of the European Researh Area.The researh programme omprises nulear and atomi physis, materials siene, ra-diohemistry, biology and partile detetor development. HIL is urrently in a transitionperiod and will shortly beome an aelerator entre, operating two ylotrons. Instal-lation of a ommerial proton-deuteron ylotron (Ep = 16.5 MeV) is under way in theHIL building. This aelerator will be used for the prodution of and researh on radio-pharmaeutials for the Positron Emission Tomography (PET). Prodution of long-livedradiopharmaeutials for other medial and life-siene appliations is also foreseen.HIL is loated at the University Ohota Campus, together with Faulties of Biology,Geology, Chemistry and Mathematis. In the next few years the Faulty of Physiswill also move from its present loation at Ho»a Street to the Ohota Campus and weare hoping for a muh loser ollaboration between HIL and the Faulty of Physis in thefuture. The Ohota Campus is loated lose to the main ampus of the Medial Universityand its lini. This opened a possibility for a very lose ollaboration, established afew years ago, between HIL and the Department of Nulear Mediine of the MedialUniversity.An espeially important ahievement at HIL in 2009 was the ommissioning of theEAGLE spetrometer in May, followed by the experimental ampaign. EAGLE is anarray of gamma-ray detetors designed as a multi-on�guration detetor setup adjustableto the needs of several researh groups. In the present on�guration it is equipped with 12anti-Compton shielded HPGe detetors. It an be oupled to anillary partile detetorssuh as SiBall, onversion eletron spetrometer and Coulex sattering hamber. Thespetrometer will be upgraded during the oming years � up to 30 HPGe detetors willbe installed.The year 2009 was a year of a hope for hange. The main problem of a large experi-mental laboratory is always related to the available funds. So far HIL has been �naniallysupported mainly by the University of Warsaw (about 75 perent of the total budget)and by the grants of the Polish Ministry of Siene and Higher Eduation (MNiSW).The grants were alloated on a yearly basis. This support has not been enough to main-tain properly the existing infrastruture. In September 2009 MNiSW deided to reate a�Road Map of National Researh Infrastruture�, for the �rst time in Poland, in order toimprove funding of the national researh institutes. This is a very good news for us, weare rossing our �ngers and hoping that our �nanial situation will at last beome morenormal. Prof. Krzysztof Rusek, Diretor of HIL
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HIL Annual Report 2009 9A.1 Operation of the ylotron during 2009J. Choi«ski, M. Woli«ska-Cihoka, W. Kalisiewiz, M. Kopka, J. Kurzy«ski,J. Miszzak, B. Paprzyki, O. Stezkiewiz, J. Sura, A. BednarekHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandAltogether 1993 hours of beam time were suessfully delivered to various experimentalarrangements during the last year, whih is a number omparable to what was reahed in2007 and 2008. Figure 1 shows usage of ylotron beams over the last eleven years. Afterthe maximum number of over 3000 beam hours delivered in 2004, the total numbers ofbeam time per year started dereasing, whih was mostly due to severe problems with thewater ooling system of the mahine. In spite of repairs and modi�ations, the systemwas not e�ient enough to allow normal operation during the hot summer months, andevery year sine 2005 the Laboratory was fored to urtail some of the experiments dueto overheating.

Figure 1: Total ylotron beam time in years 1999 to 2009.Following the omplete replaement of the water heat exhange system, sine 2008 theylotron has been fully operational regardless outside temperatures. This is illustratedby Fig. 2, showing the monthly distribution of the beam time during 2009. After thetraditional summer vaation in July and August, mahine development and onservationworks were undertaken, inluding modi�ations of the ylotron vauum hamber and there-alignment of the duants as well as onstrution works in the basement of the ylotronvault, required for the installation of a new ECR ion soure.The new horizontal part of the injetion line was installed by Pantehnik and HILteams in Deember. This operation aused the shutdown of the ylotron. As a result wehave gained possibility to operate in future both ion soures, the new and the old one.The new ECR ion soure was installed and ommissioned in May 2010 (see Se. A.2 ofthis Report).The most important di�ulty in the daily operation in 2009 was the vauum system.This system inludes out-dated pumps and ontrol units, in some ases almost 30 years
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Figure 2: Monthly beam time distribution (hours) in 2009.old, whih often fail. Due to vauum problems, in the �rst quarter of 2009 we were foredto swith o� beam line B. Modernisation of the vauum system is urgently required,unfortunately our attempts to aquire funds for this purpose have not been suessful sofar. A new grant appliation was submitted for the next year.Partiipation of undergraduate and graduate students in the experimental ampaignsstrongly reinfores the experimental teams urrently working at HIL and helps themmaintaining the researh momentum. The involvement of young researhers is illustratedby Fig. 3, whih shows the number of HIL beam users for eah of the researh projetsperformed in 2009. Detailed desription of experimental set-ups an be found at the HeavyIon Laboratory website. Despite the fat that basi nulear physis researh onsumedmost of the beam time, a fair share of it was alloated to other areas: the program ofradiobiologial studies using heavy-ion beams was ontinued and traditionally a week ofbeam time was alloated to the student workshop.More detailed data onerning developments of the apparatus for researh projets anbe found in artiles desribing the on-going ativities, published further in this setion ofthe Annual Report. The �rst experimental ampaign of the EAGLE multi-detetor array,installed on the reonstruted beam line C2, is espeially worth mentioning. A histogramshowing the number of hours used for di�erent projets in 2009 is presented in Fig. 4.Table 1 summarises all the experiments performed in 2009. Aronyms of the followinginstitution names are used in the table:
• Institute of Biology, Jan Kohanowski University, Kiele (IB JKU Kiele),
• Holyross Caner Centre, Kiele (HCC, Kiele),
• Institute of Experimental Physis, University of Warsaw, Warsaw (IEP UW),
• The Henryk Niewodniza«ski Institute of Nulear Physis, Polish Aademy of Si-enes, Kraków (INP Kraków),
• The Andrzej Soªtan Institute for Nulear Studies, �ód¹ (SINS �ód¹),
• The Andrzej Soªtan Institute for Nulear Studies, �wierk (SINS �wierk),
• Institut de Physique Nuléaire, Orsay, Frane (IPN Orsay),
• National University, Kharkiv, Ukraine (NU Kharkiv),
• University of Silesia, Katowie (US Katowie),
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Figure 3: Users of the Warsaw Cylotron beams in 2009.

Figure 4: Distribution of beam time (in hours) among di�erent experiments in 2009.
• Niolaus Copernius University, Toru« (NCU Toru«),
• Adam Mikiewiz University, Pozna« (AMU Pozna«),
• Maria Curie-Skªodowska University, Lublin (MCSU Lublin).



12 HIL Annual Report 2009Table 1: Experiments from 06.01.2009 to 29.12.2009Dates Ion Experiment Leadinginstitution Collaborating institutions06.01�07.0113.01�14.01 20Ne+4 ICARE HIL SINS �wierk, NU Kharkiv, USKatowie, INP Kraków19.01�23.01 14N+3 IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹,US Katowie26.01�30.02 20Ne+4 ICARE HIL SINS �wierk, NU Kharkiv, USKatowie, INP Kraków02.02�06.02 12C+2 Biology IEP UW,IB JKUKiele HIL, HCC Kiele, SINS �wierk,NCU Toru«09.02�13.02 14N+3 IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹,US Katowie, IPN Orsay17.02�18.02 14N+3 IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹,US Katowie, IPN Orsay02.03�06.03 18O+4 IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹,US Katowie09.03�23.03 20Ne+4 ICARE HIL SINS �wierk, NU Kharkiv, USKatowie, INP Kraków26.03 20Ne+4 Test ofbunher HIL30.03�03.04 18O+4 IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹,US Katowie20.04�22.04 20Ne+4 Students'workshop HIL13.05�14.05 20Ne+3 ICARE HIL AMU Pozna«, MCSU Lublin25.05�29.05 18O+4 IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹08.06�09.06 20Ne+5 Cylotronbeam test HIL15.06�19.06 20Ne+5 EAGLE IEP UW HIL, SINS �wierk22.06�26.06 20Ne+4 ICARE HIL SINS �wierk, NU Kharkiv, USKatowie, INP Kraków29.06�03.07 20Ne+5 EAGLE IEP UW HIL, SINS �wierk06.07� 08.07 20Ne+5 EAGLE HIL SINS �wierk, NU Kharkiv, USKatowie, INP Kraków13.10�16.10 20Ne+5 EAGLE IEP UW HIL, SINS �wierk26.10�30.10 14N+3 EAGLE IEP UW HIL, SINS �wierk16.11�20.11 10B+2 EAGLE IEP UW HIL, SINS �wierk23.11�27.11 14N+3 EAGLE HIL IEP UW, SINS �wierk29.12 14N+3 Test ofupgraded in-jetion beamline HIL



HIL Annual Report 2009 13A.2 New ECR ion soure and injetion lineO. Stezkiewiz, J. Jastrz�bski, L. Pie«kowski, J. Choi«ski, P. Napiorkowski, J. Sura,M. Woli«ska-Cihoka, R. Ta«zykHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandWork on the installation of the new ECR ion soure and the injetion line at theHeavy Ion Laboratory was ontinued [1℄. Following signing in Otober 2008 the seondontrat between the Heavy Ion Laboratory, University of Warsaw and PANTECHNIKS.A, Fatory Aeptane Tests (FAT) were arried out in Frane in June 2009. Theadaptation of rooms at HIL for the new equipment was done during the summer vaationperiod. Support stands for the ion tubes, magneti elements and the tubes themselveswere manufatured in the HIL mehanial workshop. First elements of the injetion linereahed Warsaw in Deember 2009. The analysing dipole magnet (T type) was installed(Fig. 1), and this makes possible to deliver beams from both ECR soures (the old andthe new one) to the ylotron. A new quadrupole magnet was also installed at the vertialbeam line. Another set of quadrupole doublets and the analysing hamber (Fig. 1) wereplaed in �nal positions, but without abling. In Marh 2010 the laking elements of theinjetion line and the omplete ECR ion soure were delivered to HIL. In-site installationof all the equipment, followed by the ommissioning and training was done in April andMay 2010.

Figure 1: Left piture: the existing ECR ion soure with the new T-dipole and quadrupolemagnets (blue oloured). Right: the beginning of the new injetion line � the T-dipoleand the �rst quadrupole doublet.Bibliography[1℄ O. Stezkiewiz et al., HIL Annual Report 2008, page 11



14 HIL Annual Report 2009A.3 Ativity report of the ECR groupA. Góreki, B. Filipiak, R. Ta«zykHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2009 the ECR ion soure worked without failure and delivered the following ionsto the ylotron:ion 12C+2 14N+3 18O+4 20Ne+4 20Ne+5Current at thein�etor [eµA℄ 140 100 95 116 63The ion soure was periodially surveyed and leaned. In Deember 2009 the newanalysing T-type magnet was installed and put into operation, ready to be onneted tothe new ion-soure, see also Ref. [1℄.Bibliography[1℄ O. Stezkiewiz et al., this Annual Report, page 13A.4 The Warsaw PET Projet � RadiopharmaeutialsProdution and Researh Centre at HILJ. Choi«ski1 , J. Jastrz�bski1 , D. Hehner1 , K. Kilian1 , I. Mazur1 , P.J. Napiorkowski1 ,A. P�kal1 ,21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Faulty of Chemistry, University of Warsaw, Warszawa, PolandInformation on the Warsaw Consortium for PET Collaboration (WCPC), the WarsawPET Projet and its Radiopharmaeutials Prodution and Researh Centre (RPRC)has been already presented in previous HIL Annual Reports [1�4℄ The realisation of theprojet during 2009 was substantially delayed due to the Contrator (GEMedial Systems)problems with his main subontrator Blok-Zalup. Till the end of 2009 the exavationworks around the Centre building were exeuted and the onrete works were started. InDeember 2009 the state of ompletion of the onstrution works was estimated at thelevel of 30�35%.At the beginning of 2010 the Contrator started negotiations with the prospetive newsubontrator for the building exeution.Bibliography[1℄ J. Jastrz�bski et al., HIL Annual Report 2006, page 42[2℄ J. Choi«ski et al., HIL Annual Report 2007, page 14[3℄ J. Jastrz�bski et al., HIL Annual Report 2008, page 15[4℄ http://www.slj.uw.edu.pl/PET



HIL Annual Report 2009 15A.5 Laboratory of 11C and 15OK. Kilian, J. Choi«ski, J. Jastrz�bskiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe projet aims are to purhase, install and ommission equipment for the synthesisof radiopharmaeutials, based on labelling with nulides 11C and 15O, allowing to ondutmultidisiplinary researh in onology, neurology and ardiology.The new prodution entre of radiopharmaeutials will partiipate in interdisiplinaryresearh on appliations of positron emission tomography (PET) in biology and mediine.Radiopharmaeutials for medial diagnosis and linial researh will be produed onregular basis. Synthesis of ative substanes will be arried on to support other CePT [1℄teams and external ustomers, in ompliane with Good Manufaturing Pratie. Workon methods for labelling moleules of potential drugs is also foreseen, to investigate thebiologial ativity and to develop innovative methods of synthesis.Bibliography[1℄ Centre of Pre-linial Researh and Tehnology, http://ept.wum.edu.pl



16 HIL Annual Report 2009A.6 Central European Array for Gamma Level Evaluation(EAGLE) in-beam of the Warsaw Cylotron at HIL UW �a status reportA. Jakubowski1 , H. Mierzejewski2 for the EAGLE ollaboration31) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Faulty of Prodution Engineering, Warsaw University of Tehnology, Warszawa, Poland

Figure 1: The EAGLE gamma spetrometer at the experimental hall of HIL.The EAGLE array (entral European Array for Gamma Level Evaluations) is de-signed as a multi-on�guration detetor setup adjustable to the needs of several researhgroups, dealing with di�erent branhes of nulear physis, gathered around the HeavyIon Laboratory, University of Warsaw. In the present on�guration (EAGLE Phase I)the array is equipped with 12 anti-Compton shielded HPGe detetors of 20-35% e�ienyand, depending on the type of measurements performed, oupled to anillary detetorssuh as SiBall [1℄, onversion eletron spetrometer [2℄ and Coulex sattering hamber [3℄.Currently the data aquisition and LN2 �lling systems from the previous gamma rayspetrometer at HIL (OSIRIS II) are used.In May 2009 the EAGLE array was installed on the dediated beam line at the ex-perimental hall of the Heavy Ion Laboratory. Sine then the following experiments havebeen performed using EAGLE Phase I:- Charged partiles as a tool for reation mehanism investigation [1℄- E�ieny alibration of the LaBr3 detetors for gamma energy range up to 8 MeVusing heavy-ion reation produts [4℄- In-beam study of the LaBr3(Ce) detetor response [4℄- DSAM lifetime measurements in 124Cs (test run)- Multipliity determination of gamma-ray transitions from the deay of the K=8−isomer in 130Ba by an internal onversion oe�ients measurement (test run)3EAGLE ollaboration inludes more than 50 sientists from 9 Polish institutions as well as fromATOMKI Debreen, CEA Salay, GANIL, Lund and So�a Universities. For the full list, see the EAGLEweb site http://www.slj.uw.edu.pl/eagle



HIL Annual Report 2009 17The present EAGLE equipment will be soon omplemented by 20 Phase-I HPGe de-tetors loaned by the European GammaPool. In order to optimise the use of GammaPoolresoures, the previous shedule of experimental ampaigns [5℄ has been modi�ed: EA-GLE will obtain the detetors in June 2011, one year later than previously agreed, butwill bene�t from a full two-year running period instead of a single year.To upgrade the EAGLE array to its Phase-II stage (inluding 30 HPGe detetors) newdata aquisition and LN2 �lling systems are required. Both projets have reeived theneessary funding and are progressing. The installation of the new LN2 �lling system issheduled for autumn 2010.In 2010 two experimental ampaigns are planned. The �rst one will begin in Januaryand last until the end of Marh, the seond one is sheduled from the beginning of Juneuntil November.The EAGLE Consortium was founded in May 2009 by eight Polish institutions pursu-ing experimental and theoretial studies in the �eld of nulear physis. The Consortiummembers are:- Heavy Ion Laboratory, University of Warsaw,- Nulear Physis Division, Institute of Experimental Physis, University of Warsaw,- Nulear Struture Theory Division, Institute of Theoretial Physis, University ofWarsaw,- The Andrzej Soªtan Institute for Nulear Studies, Otwok-�wierk,- Division of Nulear Physis, University of �ód¹,- The Henryk Niewodniza«ski Institute of Nulear Physis, Polish Aademy of Sien-es, Kraków,- Department of Theoretial Physis, Institute of Physis, M. Curie-Skªodowska Uni-versity, Lublin- Faulty of Physis, Warsaw University of Tehnology.The projet submitted by the EAGLE onsortium �Nulear symmetries and their spon-taneous breaking � experiments on beams of the HIL ylotron� reeived the full requestedfunding from the Ministry of Siene and Higher Eduation.Bibliography[1℄ J. Mierzejewski et al., this Annual Report, page 35[2℄ J. Perkowski et al., this Annual Report, page 45[3℄ K. Wrzosek et al., Ata Phys. Pol. B39 (2008) 513[4℄ K. Hady«ska-Kl�k et al., this Annual Report, page 47[5℄ J. Srebrny et al., HIL Annual Report 2008, page 13



18 HIL Annual Report 2009A.7 Ativity report of the eletrial support groupM. Kopka, V. Khrabrov, P. Krysiak, K. �ab�da-Dyszy, Z. Morozowiz, K. PietrzakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe eletrial group in 2009 designed and implemented several projets:1. Modernisation of the street lighting in the ylotron building area � replaementof sodium lamps with ignitors by blended ones.2. Modernisation of the wall lighting at the experimental hall and its basement �installation of energy�saving lamps.3. Modernisation of the UZ 3 power supply using transistors with better parametersthan those of the ones previously installed.4. Regulation of thyristor ontrollers in the UZ 1, UZ 2, UZ 3 power supplies.5. Contribution to the onstrution of the EAGLE stand and beam line:
• Two low voltage swithboards (RTE, RTB types) were installed to onnet thetrat equipment.
• The swith for quadrupole magnets was reonstruted � new power supplieswith related power and protetion ables were installed.
• The swith for de�eting magnets was reonstruted � the power supply withrelated power and protetion ables for the new magnet M5 was added.
• The manual swith for the steering magnets were onstruted to enable swith-ing of power supplies between the EAGLE and ICARE trats.
• The universal swithboard at the experimental hall was moved to a di�erentloation.
• Additional lighting for the experimental set-up and related eletronis wasinstalled.
• Two steering eletromagnets were onstruted.
• The unused RG58 abling, onneting the aquisition hall and the C2 and C3stands at the experimental hall, was dismounted.6. The temperature monitoring system with the related software was developed for theexternal ooling system of the ylotron.7. Design study of the stabilised power supply DC/DC, 0-10 A, 30 V. The proposedsolution was desribed in an internal report under the same title, see Se. D.3.3.8. Contribution to the installation of the new ECR ion soure:
• Preparation of the doumentation neessary for projets of the eletrial in-stallation and the ventilation system.
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• Constrution of the power supply and the ontrol unit for the pump raisingthe pressure in the ooling system.
• Installation of the dewatering pump with a new type of water level monitoringsystem.
• Installation of able hannels for the ECR equipment.9. A new dewatering pump was installed in room 013. The existing power supply andontrol unit were adapted.10. The main earth eletrode of the HIL building was modernised. Currently it islabelled �Uziom 1� with the ZK 1 monitoring onnetion.11. An additional earth eletrode (labelled �Uziom 2,3�) with ZK 2 and ZK 3 monitoringonnetions were installed.12. Two additional earth eletrodes made of I-beams remaining from the PET Centreonstrution were installed and labelled as �Uziom 4� and �Uziom 5�. The monitoringonnetions are labelled as ZK 4 and ZK 5, respetively.13. Paper-based doumentation of existing eletrial installation was replaed by theeletroni one and updated.The following routine measurements and maintenane proedures were performed:1. Capaitane measurements of the main power supply of the ylotron magnet.2. Temperature measurements in the oil winding of the magneti quadrupole DK 13.3. Measurements of the magneti �eld, oil resistane and temperature and oolingwater �ow of the de�eting magnet M5 in the EAGLE trat.4. Coil resistane and magneti �eld measurements of the quadrupole triplet in theICARE trat.5. Measurements and maintenane of the eletrial installation, inluding lighting in-side and outside the building.6. Measurements and maintenane of power supplies, eletromagnets and wiring of thelaboratory equipment.Results of the measurements listed above in items 1�6 were published as internalreports, see Se. D.3.3.In addition, �ve members of the eletrial group performed regular ylotron operatorduties aording to the experimental shedule and partiipated in the siene popular-isation and teahing ativities at HIL (guided tours of the faility, Polish Workshop ofAeleration and Appliations of Heavy Ions).



20 HIL Annual Report 2009A.8 Unix omputers and omputer network at HILR. Tarnowski, M. Palaz, J. Miszzak, A. Trzi«ska, M. Zieli«skaHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn 2009 modernisation and uni�ation of all Unix omputer systems used at HIL hasbeen started. It was deided that all Unix hosts should run under the same version of theoperating system, and Ubuntu (desktop or server version) was seleted as the Linux dis-tribution of hoie. The Unix personal workstations and laptops are gradually onvertedfrom other or older Linux versions to Ubuntu version 9.10. Along the same line, hardwarefor reating new servers of all basi servies (user home diretories, authentiation, nameserver, WWW) has been aquired and on�gured. The new servers were ommissionedand made available in spring 2010. Care is taken of regular (weekly) updates of all thenewly installed systems, and their upgrades to the next version of the operating systemwill be performed one a year � upgrade to Ubuntu 10.10 is sheduled for Otober 2010.A new e-mail server, equipped with e�ient spam and virus �lters has been on�guredby an external ontrator, and made available for users in autumn 2009, after a two monthperiod of extensive tests of all its funtionalities. The installation of the new server reduedamount of illegitimate e-mail reahing user mail-boxes to almost zero, and ontributedsigni�antly to the seurity of all the omputers in the Laboratory. The new server isaessible via seure IMAP protool both from the loal network as well as from outsideHIL. The POP3 protool aess is also temporarily maintained, for the onveniene ofusers who have been so far aessing their e-mail using the Novell based POP3 server. Aseure WWW interfae to the new e-mail server is also available.A so alled version ontrol system has been installed on one of the HIL servers, usingthe Subversion software. Being originally a omputer programmer tool, a version ontrolsystem is a suite of programs, whih automates handling of di�erent versions of all kindsof projets, kept in the form of omputer �les. It an be used for example in software de-velopment, writing text artiles or maintaining doumentation, and is espeially suitablewhen a group of people is working on the same �les. The system at HIL is at present usedfor the doumentation relevant to the HIL omputer network administration, administra-tive sripts, handling parts of soure odes written by HIL employees, and for keeping twopersonal logbooks. A more widespread use of the version ontrol system is antiipated in2010 and the following years. Aess to this system is available on request.Collaborative SPIRAL2 Preparatory Phase web site has been modi�ed. Aess rightssheme for the whole site has been redesigned and restrited areas have been added.Groups of privileged users that have rights to view/modify ontent of the restrited areashave been reated. A new domain, spiral2pp.eu has been aquired and assoiated withthe HIL SPIRAL2PP web server. Modi�ations of the SPIRAL2 Preparatory Phase website will be ontinued in 2010.The HIL web server is sine 2009 also serving the site of the International NulearTarget Development Soiety, http://www.intds.org.



HIL Annual Report 2009 21A.9 Modi�ation of the Software for the Cylotron's DistributedControl SystemR. TarnowskiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandChanges in number and ordering of magnets in both C4 and D beam lines foredmodi�ation of the software for ylotron's distributed ontrol system. The system on-sists of the main host loated in the ylotron's ontrol room (remote ontrol) and �veloal stations. Loal stations are responsible for diret ontrol of the following parts ofylotron's infrastruture: steering magnets power supplies, additional steering magnetspower supplies (at C and D beam lines), trim oils power supplies, RF generator, beammeasurements. All omputers run under ontrol of the QNX 4.25 operating system [1℄.Communiation between the main host and loal stations is based on Qnet � the networkprotool delivered with QNX OS. The whole software for ylotron's distributed ontrolsystem is written in the C++ programming language.Programs running at the main host and two loal stations have been modi�ed. Thefollowing modules have been hanged: user interfae, ommuniation layer, hardwaredrivers. The new version of software was suessfully tested and released in September2009. All hanges have been introdued aordingly to subsets of MISRA-C: 2004 [2℄and MISRA C++: 2008 [3℄ standards (MISRA stands for The Motor Industry SoftwareReliability Assoiation). Both standards inlude guidelines overing the use of C andC++ programming languages in safety ritial appliations and have been developed andpublished by the professional body promoting the safest possible use of the mentionedabove programming languages. The guidelines diretly address the safety of appliationswhere eletroni systems are being designed to ontrol vital operations. Aordane withstandards has been tested by using dediated software for soure ode stati analysis (PC-lint [4℄, C++ test [5℄). As for now only modi�ations released in September 2009 followMISRA requirements; fatorisation of the rest of soure ode is planned for 2010.Bibliography[1℄ http://www.qnx.om/developers/qnx4/[2℄ MISRA-C: 2004 Guidelines for the C language in ritial systems,http://www.misra-.om[3℄ MISRA C++: 2008 Guidelines for the C language in ritial systems,http://www.misra-pp.om[4℄ http://www.gimpel.om/html/pl.htm[5℄ http://www.parasoft.om/jsp/produts/pptest.jsp



22 HIL Annual Report 2009A.10 Eduational and siene popularisation ativities at HILK. Hady«ska-Kl�k1 ,2 , G. Jaworski1 ,3 , K. Kilian1 , J. Mierzejewski1 ,2 ,P.J. Napiorkowski1 , M. Palaz1 , L. Pie«kowski1 , J. Srebrny1 , O. Stezkiewiz1 ,A. Trzi«ska1 , K. Wrzosek-Lipska1 ,2 , M. Woli«ska-Cihoka1 , M. Zieli«ska11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) 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 our regular ativity. These "live"lessons on the ylotron and nulear physis ontinue to enjoy popularity in high shools,inluding ones from outside Warsaw. During the guided tour visitors an see the ontrolroom and the ylotron, get aquainted with failities installed in the Laboratory andexperiments performed here. Short letures providing basi introdution to the nulearphysis and priniples of the ylotron operation are also o�ered, espeially to high shoolstudents. Tours are free of harge.The number of visitors per year has stabilised at the level of about 40 organised groups,whih amounts to more than 1000 people. High-shool lasses were the largest ategory ofour visitors in 2009, but we also welomed students from various faulties of the Universityof Warsaw, inluding Physis, Chemistry and Biology, as well as postgraduate studentsof the Soªtan Institute for Nulear Studies. Finalists of the Intershool Competition inPhysis and Chemistry "EUREKA", partiipants of the Summer Shool of Physis andseveral groups of physis teahers were also among our visitors.In 2009 for the 13th time HIL partiipated in the annual Festival of Siene. Weopened the door for general publi on 19 September, when more than 100 people visitedthe Laboratory. Guests were invited to partiipate in guided tours of the ylotron andother experimental failities. A wide o�er of introdutory letures on nulear physis andits appliations was proposed (see Se. D.2.4 for the full list of letures). During thepreeding week we also organised so-alled Festival Lessons for seondary shool lasses.These simple letures, addressed to youths of age 14-15, attrated large attention.As a part of the pan-European event �Researhers' Night�, we prepared a more infor-mal presentation of our Laboratory in the evening of 25 September. We demonstratedvarious equipment from a nulear physiist toolbox, starting from very simple and old tomodern and sophistiated ones. Every guest was invited to bring a potentially radioa-tive substane (e.g. soil, drinking water, building materials, food � any everyday useprodut) and the most ative one has been hosen by open ompetition. Our visitors hadan opportunity to talk to physiists and ask them all kind of questions, onerning notonly the siene, but also their motivations of hoosing this areer path.The Fifth Polish Workshop on Aeleration and Appliations of Heavy Ions was or-ganised at HIL in April 2009 (see Se. A.11 of this Report). HIL sta� members are alsoengaged in supervising MS and PhD theses � see Se. D.1. In summer a four-weektraining was organised for several students from the Warsaw University of Tehnologyand the University of �ód¹.



HIL Annual Report 2009 23A.11 Polish Workshop on Aeleration and Appliations of HeavyIonsP.J. Napiorkowski1 , A. Trzi«ska1 , K. Hady«ska-Kl�k1 ,2 , G. Jaworski1 ,3 , K. Kilian1 ,A. Kordyasz1 , M. Kowalzyk1 ,2 , J. Kownaki1 , M. Palaz1 , J. Srebrny1 ,O. Stezkiewiz1 , A. Stolarz1 , I. Strojek4 , M. Woli«ska-Cihoka1 ,K. Wrzosek-Lipska1 ,2 , M. Zieli«ska11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) Faulty of Physis, Warsaw University of Tehnology, Warszawa, Poland4) The A. Soªtan Institute for Nulear Studies, �wierk, PolandPolish Workshop on Aeleration and Appliations of Heavy Ions is organised at HILevery spring sine 2005. It is intended for third year physis students interested in nu-lear physis, and o�ers them a unique opportunity to gain experiene in methods ofdata aquisition and analysis, in operating the ylotron inluding the beam diagnostismeasurements and in harged partile and gamma-ray detetion tehniques.The number of partiipants has been inreasing every year, reahing nineteen in 2008.After suess of the �rst editions, we usually reeive over two times more appliationsthan the number of plaes available. It should be also noted that almost every yearnew institutions join the list of universities interested in sending their students to theWorkshop. The partiipants are often willing to ontinue the ollaboration with HIL in aform of a summer internship or at the MS stage. Three MS theses prepared at HIL byformer Workshop partiipants have been defended: one in 2008 at the Adam MikiewizUniversity in Pozna« and two in 2009 at the University of Silesia in Katowie.Due to a temporary derease of the apaity of our guesthouse, we ould aept only14 students in 2009, and �nally 13 of them attended the Workshop (3 from the Univer-sity of �ód¹, 3 from the University of Silesia, 3 from the Adam Mikiewiz University inPozna«, 2 from the Maria Curie-Skªodowska University in Lublin and 2 from the Uni-versity of Szzein). During the Workshop they attended a series of letures on subjetsrelated to heavy ion physis. The experimental tasks allowed them to get aquainted withHIL infrastruture by performing measurements using dediated apparatus available inthe Laboratory. The Workshop was onluded by student presentations � eah groupprepared a 20 minute talk on their measurements and results.In 2009, the programme of the letures was the following:
• Radioprotetion at HIL (R. Ta«zyk),
• Introdution to heavy ion aeleration and elements of ion optis (M. Woli«ska-Cihoka),
• Detetion of gamma radiation, harged partiles and neutrons (M. Palaz),
• X-ray �uoresene spetrosopy (J. Kownaki)
• In-beam gamma spetrosopy (M. Zieli«ska),
• Targets for nulear physis (A. Stolarz),
• Radiopharmaeutials for Positron Emission Tomography (K. Kilian).



24 HIL Annual Report 2009Students took part in the following experimental tasks:
• Beam fousing in heavy ion aeleration,
• Beam energy measurements based on the Rutherford sattering,
• Determination of ross setion in the Rutherford sattering,
• Elemental analysis using X-ray �uoresene,
• Measurements of 137Cs ativity in environmental samples,
• Identi�ation of reation produts based on the pulse shape analysis.

The �rst international edition of the Workshop on Aeleration and Appliations ofHeavy Ions will take plae at HIL in Marh 2011. A two weeks ourse for 15�20 parti-ipants will be organised jointly by HIL, University of Huelva (Spain) and University ofSo�a (Bulgaria) in the framework of the ERASMUS Intensive Programme.
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HIL Annual Report 2009 27B.1 Nulear deformation of 20Ne from 20Ne(105, 115 MeV) + 208PbsatteringI. 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 A. Soªtan Institute for Nulear Studies, �wierk, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) The Henryk Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) Kharkiv University, Kharkiv, Ukraine5) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland6) Institute of Physis, University of Silesia, Katowie, PolandThe 20Ne nuleus is highly deformed; its hexadeapole deformation is one of the highestknown in nature. In our previous experiment performed at University of Jyväskylä thequasielasti events from 20Ne + 208Pb sattering were deteted at a few bakward anglesat energies in the viinity of the Coulomb barrier (Fig. 1). From this data, a set of thebarrier distribution (a probability that the barrier height is equal to a ertain energy)was derived. This distribution was found to be in disagreement with the preditionsobtained by means of the oupled-hannel (CC) alulations. This ould be due to eitherinsu�ient knowledge of the 20Ne struture (deformation of 20Ne ground state), or itsinorret implementation in the alulations. The harge distribution of 20Ne ground stateis well known from the proton and eletron sattering experiments [3, 4℄ and the model-independent Coulomb matrix elements ould be diretly inluded in the CC alulations.Thus, the disagreement ould be aused by the nulear deformation that is desribed bya model-dependent �deformation length� δ. The values of this parameter derived fromdi�erent sattering experiments are not onsistent and range from 1.29 fm [5, 6℄ to 1.47fm [7℄. In order to solve this puzzle we performed a series of experiments aimed at preisemeasurements of the angular distributions of 20Ne + 208Pb quasielasti sattering (elastiplus inelasti, leading to the �rst exited state of the projetile) lose to the Coulombbarrier. Consistent analysis of these data sets together with the sattering data measuredpreviously at higher energies [2℄ should help in the extration of the of 20Ne nuleardeformation length.The experiment was performed at the Heavy Ion Laboratory in Warsaw, Poland. Theintensity of the 20Ne beam delivered by the K = 160 ylotron was of about 6×108 ions perseond. The target thikness was 100 µg/m2. We have used the multipurpose satteringhamber ICARE and the set of �ve telesopes to detet and to identify harged partiles(Fig. 2). Eah of the telesopes was omposed of the gas (isobutane) ionisation hamberand a thik (300 µg/m2) silion detetor. The angular positions of the telesopes werein the range from 52◦ to 160◦ in the laboratory system. Four silion detetors situatedat forward angles monitored the beam by means of Rutherford sattering. Data wereolleted at two beam energies: 105 and 115 MeV. The analysis is in progress.Bibliography[1℄ E. Piaseki et al., FINUSTAR2, AIP Conferene Proeedings, 1011 (2008) 333[2℄ E. Gross et al., Phys. Phys. Rev. C17 (1978) 1665[3℄ G. S. Blanpied et al., Phys. Rev. C38 (1988) 2180
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Angular distributions for 20Ne + 208Pb quasielastic scattering
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Figure 1: Angular distributions for 20Ne + 208Pb quasielasti sattering at 105 and115 MeV

Figure 2: Inside of the ICARE hamber with the target holder and the telesopes[4℄ C. Rangaharyulu et al., Phys. Rev. C31 (1985) 1656[5℄ R. de Swiniarski et al., Nul. Phys. A261 (1976) 111[6℄ D. Madland, Ph.D. thesis, University of Minnesota, 1970 (unpublished)[7℄ R. de Swiniarski et al., J. Phys. (Paris), Suppl. Lett. 35 (1974) L-25



HIL Annual Report 2009 29B.2 New detetor system for the super-heavy elements (SHE)detetionA. Wieloh1 , Z. Sosin1 , P. Ba«ka1 , A. Goniarz1 , J. Péter2 , A. Drouart3 , R. Dayras3 ,K. �ojek1 , Ch. Stodel4 , M. Adamzyk1 , B. Avez3 , P. Lasko1 , �. Zosiak1 , T. Kozik1 ,N. Alamanos3 , A. Gillibert3 , S. Grévy4 , F. Hanappe5 , F. Hannahi6 , R. Hue4 ,A. Khouaja4 , A. Lopez-Martens7 , L. Mandui2 , F. de Oliveira Santos4 , G. Politi8 ,M.G. Saint-Laurent4 , L. Stuttgé9 , Ch. Vandamme2 , J.P. Wielezko4 , E. Piaseki10 ,A. Trzi«ska10 , W. Gawlikowiz10 , M. Kisieli«ski10 , M. Kowalzyk10 , A. Kordyasz10 ,L. Pie«kowski10 , J. Bªoki111) M. Smoluhowski Institute of Physis, Jagiellonian University, Kraków, Poland2) LPC Caen, ENSICAEN, Université de Caen, CNRS/IN2P3, Frane3) CEA Salay, IRFU/SPhN, Gif-sur-Yvette, Frane4) GANIL, Caen, Frane5) PNTPM, Université Libre de Bruxelles, Belgium6) CENBG, Bordeaux-Gradignan, Frane7) CSNSM, Orsay, Frane8) Istituto Fisia dell'Universitá, Catania, Italy9) IPHC, Strasbourg, Frane10) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland11) The A. Soªtan Institute for Nulear Studies, �wierk, PolandThe synthesis of SHE elements via omplete fusion reations has been an importantand suessful sub-�eld of nulear physis researh [1, 2℄. In this report we desribethe Sintillation Ionization Detetor (SID), designed to detet super-heavy nulei andurrently proposed to be used as a part of the new experimental setup at the HeavyIon Laboratory. This detetor has been suessfully tested at GANIL during the E533experiment [3℄. The advantage of the new detetion line at HIL is the small length of thefusion produt separator. This feature allows for investigation of super-heavy nulei witha very short life time � about 100 ns.The urrent version of SID is dediated to study properties of very heavy nulei andSHE nulei that deay via spontaneous �ssion. The detetion line is desribed below, usingas an example the reation 40Ar+208Pb, whih produes 248Fm in the fusion proess. Thebeam energy is optimised to reate ompound nulei (Fm) with a low exitation energy. Inthis ase, the fermium nuleus emits only 1�3 neutrons during deexitation in the target.Non-interating beam ions are de�eted by the Solid (neodymium) Magneti Separator(SMS) to a ertain angle and then absorbed in the beam stopper (see Fig. 1).The fusion produts 247−245Fm, whih have smaller magneti rigidity than the Ar ions,enter the SMS and are de�eted to larger angles as ompared to the argon nulei. Atthis point they an be deteted by SID, as it is shematially illustrated in Fig. 1. Thedetetor is �lled with the CF4 gas and onsists of two parts (for a sheme of SID seeFig. 1 of Ref. [4℄). The �rst part provides a fast sintillation pulse, whih an be usedin time of �ight (ToF) measurements. The amplitude of the pulse is proportional to theatomi number (Z) of the deteted element, so it an be useful in the fast Z disrimination.After passing the sintillation setion, the ion is stopped in the ionisation part, whih isomposed of two wire planes with a stopping mylar foil (or a stopping silion detetor)plaed in the entre. The pressure of the gas inside the detetor is hosen in suh a waythat the fusion produts � Fm ions � are stopped in the foil. The fermium ions undergo



30 HIL Annual Report 2009

Figure 1: Proposed detetion line at HIL. Evaporation residues (ER) are strongly de�etedby the magneti �eld.the spontaneous �ssion with the deay time depending on the reated Fm isotope (3.3 msto 30 s). Fission fragments originating from the spontaneous deay of the Fm nuleusimplanted in the foil are emitted bak to bak and deteted by the wire planes. Theproperties of SID were investigated in the test run (summer 2009) in the ICARE hamberinstalled at HIL.As it was shown in the paper of Ref. [4℄, signal amplitudes from the sintillation andionisation parts are well orrelated for �ssion fragments from the Cf soure of kinetienergy around 1 MeV·A. In the normal kinematis, the kineti energy of fusion produtsis muh lower (in our ase, for the Ar beam of energy 5 MeV·A, by a fator of about seven:0.13 MeV·A). For this reason, the possibility of disrimination between ions of di�erent Zat a very low gas pressure was investigated during the last test at HIL. Two reations wereused: 20Ne + 120Sn and 20Ne + 197Au, both at the beam energy of 8 MeV·A. In the �rstreation, with the detetor plaed at 50◦, it was possible to detet mainly projetile-likefragments, see Fig. 2a. Due to a grazing angle target-like fragments were not observed. Inthe seond reation both projetile-like and heavy fragments produed in �ssion proessof the ompound nuleus system (Z=89) were measured, see Fig. 2b. As one an see fromboth panels of Figure 2, it is easy to distinguish between Ne-like and �ssion fragments.More details on the measurements an be found in the work of Ref. [5℄.In onlusion, the detetor presented in the urrent report possesses valuable features,helpful in the SHE detetion. Pulses from the sintillation part of the SID (light output)have a very short rise-time (a. 1 ns) and are proportional to the Z number of thedeteted partile. That, in onsequene, allows for a onsiderable bakground redution.Signals from the proportional ounter (harge output) an be used in measurements ofthe angular distribution of �ssion fragments. Suh possibility has not yet been o�eredby standard detetion setups for the SHE prodution, at least not with a granulationsu�ient for an angle measurement. The foil used to stop the residues an be replaed bya thin position-sensitive silion detetor in order to inrease the preision of the trajetorydetermination. It is worth noting that in order to use the beam time in a more e�ientway, future experiments are planned in a GANIL-HIL ollaboration.We appreiate the help given to us by the Heavy Ion Laboratory management and thetehnial sta� during test measurements in this Laboratory.This work was supported in part by the Polish Ministry of Siene and Higher Edu-ation, Grant no. PB 3336/H03/2007/32, and by the IN2P3-Poland agreement, ollabo-ration no. 08-128.
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Figure 2: Data from the SID detetor. Amplitude of pulses from the phototube (PT) vs.amplitude of pulses from the wires of the horizontal plane (Wh) of the ionisation part ispresented in all three panels. The reations used were 20Ne+120Sn (a) and 20Ne+197Au (b).For referene, panel () represents measured �ssion fragments from the Cf soure, visiblein the same region as the events orresponding to heavy ions produed in the reationNe+Au (panel b).Bibliography[1℄ S. Hofmann et al., Eur. Phys. J. A14 (2002) 147[2℄ Y. Oganessian et al., Phys. Rev. C74 (2006) 044602[3℄ Ch. Stodel et al., AIP Conferene Proeedings 891 (2007) 55[4℄ Z. Sosin, A. Wieloh, J. Péter et al., Ata Phys. Pol. B40 (2009) 741[5℄ A. Wieloh, Z. Sosin, P. Ba«ka et al., Int. J. Mod. Phys. E19 (2010) 672



32 HIL Annual Report 2009B.3 Partner bands of 126Cs � �rst observation of hiral eletro-magneti seletion rulesE. Grodner1 , I. Sankowska1 ,2 , T. Morek1 , Ch. Droste1 , S.G. Rohozi«ski3 , J. Srebrny4 ,A.A. Pasternak5 , M. Kisieli«ski4 ,6 , M. Kowalzyk1 ,4 , J. Kownaki4 , J. Mierzejewski1 ,4 ,A. Król7 , K. Wrzosek-Lipska1 ,41) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland2) Institute of Eletron Tehnology, Warszawa, Poland3) Institute of Theoretial Physis, University of Warsaw, Warszawa, Poland4) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland5) A.F. Io�e Physial Tehnial Institute, St. Petersburg, Russia6) The A. Soªtan Institute for Nulear Studies, �wierk, Poland7) Institute of Physis, University of �ód¹, �ód¹, PolandThe rotational states of 126Cs were populated in the 120Sn(10B,4n)126Cs reation. The
10B beam of 55 MeV energy was provided by the U200P ylotron of the Heavy IonLaboratory, University of Warsaw. About 109 γ − γ oinidenes were olleted by 12ACS HPGe spetrometers of the OSIRIS II array plaed at angles 25◦, ±38◦, 63◦, ±90◦,
117◦, ±142◦, 155◦ with respet to the beam diretion. Lifetimes of exited levels weremeasured using the Doppler Shift Attenuation method. The 120Sn target 40 mg/m2thik played simultaneously the role of a stopper. Doppler broadened line-shapes of the
γ transitions were analysed by the methods desribed in detail in Ref. [1℄.The problem of the side feeding annot be ompletely irumvented in the DSA teh-nique, therefore the applied method for gamma line-shape analysis is based on a omplexside feeding study with detailed side-feeding pattern as a byprodut. At the beginningof the line-shape analysis proess, distribution of entry states is alulated where kinetienergy loss of the projetile moving in the target is aounted for. The feeding timesdue to unobserved transitions from entry states to known levels were desribed by theside-feeding model whose parameters were experimentally determined from the analysisof the highest energy levels and intensity distribution in the 132La, 128Cs and 126Cs nulei.The feeding times due to observed transitions are automatially taken into aount sineall experimental branhing ratios are given as input parameters for line-shape analysis.When the level sheme is well established and the intensity is large enough, the best wayof proeeding is the step-by-step extration of lifetimes, starting from the upper levelsand taking into aount all feeding asades. Two spetra were used for extration of life-times: the forward one, being the sum of the spetra from the detetors plaed at angles
25◦, ±38◦; and the bakward one, being the sum of spetra from 155◦, ±142◦ detetors.Comparison of the total intensities of γ transitions observed in the yrast band of 126Csand alulated in terms of the side feeding model, together with examples of Dopplerbroadened line-shapes, are shown in Fig. 1. The stopping power of Cs reoils moving inthe Sn target was measured in additional experiments with help of the semi-thik targetmethod (see Ref. [2℄). The lifetimes of the rotational states belonging to hiral partnerbands built on the πh11/2⊗ν−1h11/2 on�guration measured in the present experiment arein the range: 0.42-1.24 ps. The lifetime data, together with the gamma line intensities,were used to obtain experimental B(M1) and B(E2) redued transition probabilities. The
∆I = 1 transitions are assumed to be pure M1 type aording to Ref. [3℄. In Fig.3 theexperimental B(M1; I→I-1) and B(E2; I→I-2) redued transition probabilities of the 126Cs
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Figure 1: Panel A and B: DSA line-shape analysis of the 18+ →16+ E2 transition in theyrast band. Red solid line shows the peak of interest. Blak solid line shows a �t to thefragment of the spetrum. Dotted lines show bakground peaks. Panel C: Value of χ2found from the DSA line-shape analysis performed for the forward (solid line) and thebakward (dotted line) spetrum. Panel D: total γ-ray intensity depopulating a given levelin the yrast band. Solid line � intensities alulated in terms of the side-feeding model.Dotted lines present the unertainty of the γ-ray intensities given by the side-feedingmodel that are taken into aount in the �nal lifetime unertainties.

Figure 2: Partner bands of 126Cs built on the πh11/2 ⊗ ν−1h11/2 on�guration observed inthe present experiment. The arrow widths are proportional to orresponding branhingratios.
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HIL Annual Report 2009 35B.4 Charged partiles as a tool for reation mehanisminvestigationJ. Mierzejewski1 ,2 , M. Antzak1 , Ch. Droste2 , E. Grodner2 , K. Hady«ska-Kl�k1 ,A. Jakubowski1 , P. Jasi«ski1 , G. Jaworski1 ,5 , M. Kisieli«ski1 ,3 , M. Komorowska1 ,2 ,A. Kordyasz1 , M. Kowalzyk1 ,2 , J. Kownaki1 , T. Morek2 , P.J. Napiorkowski1 ,J. Ogrodnik1 ,5 , J. Perkowski4 , W. Perkowski1 , A. Pietrzak1 , J. Skalski3 , J. Srebrny1 ,A. Stolarz1 , K. Wrzosek-Lipska11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) The A. Soªtan Institute for Nulear Studies, �wierk, Poland4) Institute of Physis, University of �ód¹, �ód¹, Poland5) Faulty of Physis, Warsaw University of Tehnology, Warszawa, PolandInomplete fusion mehanism (ICF) was �rst desribed in late 70's [1, 2℄. Exitationfuntions for ICF were determined by α-γ oinidene measurements and interpreted interms of the Generalised Critial Angular Momentum onept. Later this ground wasdeeply investigated. In the work of referene [3℄ orrelations of harged-partile energiesand angles with γ-ray multipliities were measured. Authors showed learly that angularmomentum transferred in the apture of a projetile fragment by a target inreases linearlywith aptured mass.In Ref. [5℄ the Sum Rule Model based on the Generalised Critial Angular MomentumModel was proposed. It desribes well ross setions for the omplete (CF) and inomplete(ICF) fusion mehanisms. Later it was slightly modi�ed [6℄ by adding some dissipatione�ets in preequilibrium stage.In reent years some ross setions for ICF were measured [7, 8℄ by o�-line γ spetro-metry. Cross setion were muh bigger than expeted taking into aount only the CFmehanism. The ICF in�uene on high spin states population was also shown [9℄. Never-theless, there is no model desribing exatly the dynamis of the proess. In this work wepresent preliminary results of the experiment where proton-γ and α-γ oinidenes weremeasured, to provide neessary data for developing a new model desribing reation ofthe ompound and kinematis of the esaping fragment in the ICF mehanism.Measurements were performed using the EAGLE setup [10℄ equipped with 12 HPGedetetors and Si-ball [11℄ onsisting of 30 thin (100 µm) Si detetors in 4π geometry. 20Nebeam of energy 141 MeV and 150 MeV was bombarding a 5.4 mg/m2 122Sn target. Thetarget was mounted in an aluminium tube [12℄ of 70 µm thikness to protet Si detetorsfrom the sattered beam. We foused on the 122Sn(20Ne,α6n)132Ce reation hannel. Foreah energy not only partile-γ oinidenes were measured but also single γ spetra [13℄to determine relative yields for the prodution of the most intensive hannels. Di�erenebetween single and partile-γ oinidene mode is shown in Fig. 1a, where the 325.4 keV(2+→0+ in 132Ce) line is shown for both modes. As expeted partile oinidenes learthe bakground well.In Fig. 1b two partile spetra measured at 141 MeV by Si detetors overing θ anglesfrom 52◦ to 85◦ are shown. The green spetrum results from summing up gates on
132Ce transitions: 325 keV (2+→0+), 533 keV (4+→2+), 682 keV (6+→4+) and 788 keV(8+→6+). The blue one was obtained by the standard Compton bakground subtration.Spetra are easy to interpret � proton and α partiles are well separated. Most of thebakground events are proton-γ oinidenes. After bakground removal the total amountof proton-γ oinidenes dereased 5.2 times, while α-γ events only 2.3 times.
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Figure 1: a) Fragments of γ spetra: single (blue solid line), and partile-γ oinidene(green dashed). b) Partile spetra orresponding to 132Ce, observed in the 52◦-85◦ ring,with (blue dashed) and without (green solid) bakground subtration. ) Comparison of
132Ce partile spetra in rings overing θ angles 21◦-159◦.In Fig. 1. preliminary results for 132Ce from all rings are shown. Further analysis willfous on simulations of α-partile spetra. We believe that in forward detetors (rings 21◦-63◦) we see α partiles from both the CF and ICF mehanisms. On the other hand, in ringsovering θ angles from 63◦ to 169◦, only evaporated α partiles from the CF mehanismsshould be observed. Sine CF is well known and theory desribing evaporation from theompound nuleus is well established, we an use the data from the 63◦ to 169◦ rings tohek if we are able to orretly simulate evaporation spetra. If so, it will be possibleto extrat the ICF ontribution from the spetra olleted by the forward detetors, andin onsequene investigate the reation mehanism more in detail. Data analysis is inprogress.Bibliography[1℄ K. Siwek-Wilzy«ska et al., Phys. Rev. Lett. 42 (1979) 1599[2℄ K. Siwek-Wilzy«ska et al., Nul. Phys. A330 (1979) 150[3℄ K.A. Geo�roy et al., Phys. Rev. Lett. 43 1303 (1979)[4℄ J. Wilzy«ski, Nul. Phys. A216 (1973) 386[5℄ J. Wilzy«ski et al., Phys. Rev. Lett. 45 (1980) 606[6℄ I. Branus et al., Phys. Rev. C422 (1989) 157[7℄ R. Tripathi et al., J. Phys. G: Nul. Part. Phys. 35 (2008) 025101[8℄ P.P. Singh et al., Phys. Rev. C77 (2008) 014607[9℄ P.P. Singh et al., Phys. Rev. C80 (2009) 064603[10℄ A. Jakubowski, H. Mierzejewski, this Annual Report, page 16[11℄ A. Kordyasz, http://www.slj.uw.edu.pl/en/56.html[12℄ A. Kordyasz, A. Stolarz, J. Mierzejewski, this Annual Report, page 52[13℄ M. Komorowska, this Annual Report, page 37



HIL Annual Report 2009 37B.5 Relative ross setions for seleted hannelsin the 122Sn+20Ne reation at 151 MeV beam energyM. Komorowska1 ,2 , J. Mierzejewski1 ,2 , J. Srebrny1 , T. Morek21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, PolandAs desribed in paper [1℄, the mehanism of the 122Sn+20Ne reation was investigatedthrough harged partile-gamma oinidenes measured in-beam at HIL, with 30 Si dete-tors of Si-ball and the EAGLE spetrometer, onsisting of 12 BGO Compton-suppressedHPGe detetors. Relative ross setions for the prodution of several di�erent nulei werealso evaluated, using single γ rays registered during the experiment. Cross setions weredetermined from the intensity of seleted γ-ray lines [2℄, whih orrespond to the feedingof the ground states.For the following nulei, it was possible to use single g.s. feeding transition: 132Ce� line 325 keV, 134Pr � line 307 keV, 134Nd � line 294 keV, 136Nd � line 373 keV. Insome other ases suh a dominating line did not exist and not all the fragmented g.s.feedings ould be identi�ed. The list below shows nulei and γ-ray lines whih were usedto determine the ross setions in suh ases, with proper normalisation based on the
γ-ray intensities known from similar reations [2℄, so that the total ground state feedingintensity ould be estimated. The following lines were used:- 131Ce, line 162 keV;- 133Ce, line 170 keV;- 135Pr, line 204 keV;- 135Nd, line 199 keV.Preliminary evaluated relative ross setions for the 122Sn+20Ne reation hannels at150 MeV beam are shown in Figure 1.The spetra olleted in the experiment ontained ontribution originating from long-lived radioativity, whih should be taken into aount in the determination of the rosssetions. For this purpose the time maro-struture of beams provided by the WarsawCylotron was used � data were sorted with time ondition orresponding to in-beamand o�-beam time windows, 2 and 3 ms gates, respetively. In this way it was possible tosubtrat 1 ms and longer ativity. Di�erent dead time of the date aquisition system forthe two time onditions was taken into aount as well as the in�uene of the time widthof both gates. The result of this proedure is shown in Figure 2.Bibliography[1℄ J. Mierzejewski, this Annual Report, page 35[2℄ Evaluated Nulear Struture Data File, http://www.nnd.bnl.gov/ensdf/
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Figure 1: Relative ross setions of di�erent reation hannels of the 122Sn+20Ne reation,at 150 MeV 20Ne beam energy. Statistial and e�ieny alibration unertainties wereinluded in the error bars, as well as unertainties originating from the spetra subtrationproedure.

Figure 2: Part of the measured γ spetrum, relevant to the evaluation of the ross setions.The dead time and beam maro-struture, as well as the e�ieny of the detetors weretaken into aount.



HIL Annual Report 2009 39B.6 Coulomb exitation of 100Mo � determination of the E3strengthK. Hady«ska-Kl�k1 ,2 , K. Wrzosek-Lipska1 ,2 , J. Iwaniki1 , M. Kisieli«ski1 ,3 ,A. Kordyasz1 , M. Kowalzyk1 ,2 , J. Kownaki1 , S. Lalkovski4 , P.J. Napiorkowski1 ,D.A. Pi�tak1 ,5 , J. Srebrny1 , M. Zieli«ska11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) The A. Soªtan Institute for Nulear Studies, �wierk, Poland4) So�a University �St. Kliment Ohridski�, So�a, Bulgaria5) Institute of Radioeletronis, Warsaw University of Tehnology, Warszawa, PolandA Coulomb exitation experiment of 100Mo was performed in 2007 using the 81 MeV
32S beam from the Warsaw Cylotron. Experimental set-up onsisted of the OSIRIS-II spetrometer oupled to the array of PiN diodes plaed inside the so-alled �Munihhamber�.The OSIRIS-II was a multi-detetor array designed for γ-ray spetrosopy with heavyion beams at the Heavy Ion Laboratory in Warsaw, onsisting of 12 HPGe detetorsequipped with anti-Compton BGO shields. At present the OSIRIS-II array is replaed bythe larger γ-ray spetrometer EAGLE.Sattered projetiles were deteted by 45 silion PiN diodes, plaed inside a spherialhamber of 5 m radius [1℄. The ative area of a single PiN-diode is 0.5×0.5 m2 . Thediodes overed the angular range from 112◦ to 152◦ with respet to the beam diretion.Two types of measurements were arried on. During the �rst part of the experiment
γ rays were deteted in oinidene with bak-sattered ions. The seond part of theexperiment was performed in the non-oinidene mode, whih means that all satteringangles, inluding forward ones, were possible. The exitation ould also take plae in anymoment during the beam stopping in the target, so the inident energies ranged fromzero to the total beam energy (81 MeV). Sine exitation strength strongly depends onthe sattering angle, the exitation patterns obtained in these two types of measurementsare di�erent, and bring omplementary information on matrix elements involved.The GOSIA ode [2℄ was used to simulate yields of gamma transitions depopulatingthe Coulomb exited 3− state. Two di�erent ways to populate the state in questionhave been taken into aount: one step (0+

1 → 3−) and two step exitation ((0+
1 →

2+
1 )⊗ (2+

1 → 3−)). The simulation was arried out for two di�erent ranges of the inidentenergy, orresponding to the oinidene and non-oinidene mode measurement, andfor the full range of sattering angles. Fig. 1 presents the dependene on sattering angleof the 3− → 0+
1 yield normalised to the 2+

1 → 0+
1 one. The vertial lines mark theangular overage of the partile detetors used in the oinidene mode experiment. Theaverage theta angle for this experiment is 140◦, whereas in the non-oinidene modemeasurement it was equal 65◦. One an observe that the ontribution from the two-stepexitation in the non-oinidene mode measurement is negligible, therefore this type ofmeasurement allows to extrat the B(E3; 0+

1 → 3−) value in an unambiguous way. On theother hand, simulations performed for the oinidene mode measurement show importantontribution of the two-step exitation proess. The B(E3; 0+
1 → 3−) determined fromthe non-oinidene mode experiment an be used when analysing the oinidene modedata. With the B(E3; 0+

1 → 3−) value known from the non-oinidene data, the only
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1 → 3−), whih an be preisely determined from the oinidenemode data analysis.

Figure 1: Dependene of the 3− → 0+
1 yield on the sattering angle. Two upper urvesorrespond to the onditions of the oinidene mode measurement � the 3− → 0+

1yield is integrated over the narrow energy range (73-82 MeV). The exitation strength issimulated for the one step exitation (0+
1 → 3− � navy-blue squares) and for the two-stepproess ((0+

1 → 2+
1 ) ⊗ (2+

1 → 3−)) � red diamonds). Two lower urves are alulatedfor the onditions of the non-oinidene mode measurement, i.e. the 3− → 0+
1 yield isintegrated over the wide energy range (5-82 MeV). The exitation strength simulated forthe one step exitation is denoted by purple irles, and for the two-step proess by greentriangles.It was possible to determine the matrix element in a model-independent way fromthe non-oinidene data, using the GOSIA ode. In the low-energy Coulex, the onlyway to populate the 3− state in 100Mo is via an E3 transition. On the other hand, thedepopulation of this state proeeds predominantly via the E1 deay. The B(E3; 0+
1 → 3−)value ould be determined independently of the 3− lifetime thanks to the fat that observedE1 yields of the 3− → 2+

2 and 3− → 2+
1 transitions are the diret measure of the 3− statepopulation.In the non-oinidene data analysis, the B(E3;0+

1 → 3−) value equal 0.52(2) eb3/2was obtained, while earlier measurements gave the values of 0.48(8) [3℄ and 0.132(17) [4℄eb3/2. The on-going data analysis aims at determining the B(E3) value for the seondpossible path of the 3− state exitation, namely via the 2+
1 → 3− transition.Bibliography[1℄ K. Wrzosek et al., Ata Phys. Pol. B39 (2008) 513[2℄ T. Czosnyka, D. Cline, C.Y. Wu, Bull. of the Am. Phys. So. 28 (1983) 745,and http://www.slj.uw.edu.pl/gosia,http://www.pas.rohester.edu/~line/Gosia/[3℄ S.J. Mundy et al., Nul. Phys. A441 (1985) 534[4℄ J. Barrette et al., Phys. Rev. C6 (1972) 1339



HIL Annual Report 2009 41B.7 Quadrupole moment of the 2+
1 state in 100MoK. Wrzosek-Lipska1 ,2 , K. Hady«ska-Kl�k1 ,2 , J. Iwaniki1 , M. Kisieli«ski1 ,3 ,A. Kordyasz1 , M. Kowalzyk1 ,2 , J. Kownaki1 , S. Lalkovski4 , P.J. Napiorkowski1 ,D. A. Pi�tak1 ,5 , L. Pie«kowski1 , J. Srebrny1 , M. Zieli«ska11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) The A. Soªtan Institute for Nulear Studies, �wierk, Poland4) So�a University �St. Kliment Ohridski�, So�a, Bulgaria5) Institute of Radioeletronis, Warsaw University of Tehnology, Warszawa, PolandChoosing the right strategy to subdivide the Coulomb exitation data is quite animportant issue during the data analysis. A subdivision based on the projetile satteringangle makes it possible to disentangle ontributions from various exitation paths. On theother hand, subdividing the data aording to the relative angle between γ-ray and partiletrajetories enables the observation of the γ-ray angular distribution, thus inreasing thesensitivity to the M1 matrix elements.In order to extrat the triaxiality parameters for the 100Mo nuleus in its ground andexited 0+ states, it is ruial to preisely determine not only the transitional E2 matrixelements oupling the low-lying 0+ and 2+ states, but also the diagonal ones, espeiallyfor the �rst exited state 2+

1 .The performed partile-γ oinidene experiment has been desribed in ontributionof Ref. [1℄. A simulation was performed using the GOSIA ode to estimate the impat ofvarious methods of Coulex data subdivision on the auray of the resulting diagonal E2matrix element of the 2+
1 state. The alulations were made for the same geometry as themeasurement [2℄. To perform suh a simulation, using the GOSIA ode, a set of matrixelements needs to be assumed, therefore the resulting values rather indiate a trend thanshould be treated as absolute numbers. The obtained auray of the 〈2+

1 ‖E2‖2+
1 〉 matrixelement for eah method of data subdivision is obviously related to the γ yield used in thealulation. The intensity of the strongest transition (2+

1 → 0+
1 ) in eah γ-ray spetrumolleted by an individual Ge detetor in oinidene with a single PIN diode was assumedto be known within 1% statistial unertainty. Systemati errors of 5% related to e�ienyalibration were assessed to all simulated gamma yields. The auray of the 〈2+

1 ‖E2‖2+
1 〉matrix element was determined for four di�erent strategies of the data analysis:1. PIN and Ge: subdivision of the data based on the partile sattering angle and γdetetion angle (576 individual γ-ray spetra): auray of 4%;2. PIN: data from all Ge detetors summed together, but subdivided aording to thepartile sattering angle (48 individual γ-ray spetra): auray of 11%3. Ge: data from all partile detetors summed together, but subdivided aording tothe γ detetion angle (12 individual γ-ray spetra): auray of 25%4. no subdivision: one γ-ray spetrum resulting from summing of all data, auray of56%.The simulations show that the highest auray of the 2+

1 diagonal matrix elementresults from the possibly highest subdivision of data, based both on the angles of theprojetile sattering and the γ-ray emission. However, the level of statistis obtainedin a typial Coulex experiment is usually too low to analyse individual PiN-Ge spetra.



42 HIL Annual Report 2009Sine summing of data from some detetors annot be avoided, the best strategy is tosum over all Ge detetors while keeping the division aording to the projetile satteringangle. While the summing over all partile detetors inreases the number of ounts inthe analysed γ-ray spetra, it also smoothes out the e�ets, whih allow determination ofthe ontribution of onurrent exitation paths.To demonstrate how the relative population of a state hanges as a funtion of thesattering angle, the example of the 0+
2 state in 100Mo is shown in Fig. 1. The performedanalysis indiates that 0+

2 state an be populated only via two-step Coulomb exitation.The alulations were arried out for various values of the 〈2+
1 ‖E2‖2+

1 〉 matrix element.The probability of the two-step proess with respet to the one-step exitation of the2+
1 state in 100Mo inreases with the projetile sattering angle. In addition it is learlyvisible that population of the 0+

2 state, exited via two step Coulomb exitation: (0+
1 →

2+
1 ) ⊗ (2+

1 → 0+
2 ) is sensitive to the quadrupole moment of the intermediate 2+

1 state.
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Figure 1: Relative population of the 0+
2 state (normalised to the population of the �rstexited state 2+

1 ) as a funtion of the projetile sattering angle, alulated for three valuesof the 2+
1 diagonal matrix element: -0.9 eb (red urve), 0.9 eb (blue), 0.0 eb (green).When analysing the data from the Coulomb exitation experiment of 100Mo with the

32S beam, it was deided to sum the spetra from individual Ge detetors, thus inreasingthe number of ounts in observed γ lines to a level su�ient to subdivide the data aordingto the projetile sattering angle. Three ranges of the 32S sattering angle were used: 112◦- 124◦, 127◦ - 131◦, 135◦ - 152◦.As a result of the data analysis, the diagonal E2 matrix element of the 2+
1 statein 100Mo was determined. The value obtained is -0.33(10) eb, whih orresponds tothe spetrosopi quadrupole moment of -0.25(7) eb. The obtained magnitude of thequadrupole moment is smaller ompared to the one resulting from the measurement withthe 4He and 16O beams, 0.39(8) eb [3℄, but both values agree within the error bars.Bibliography[1℄ K. Hady«ska-Kl�k, this Annual Report, page 39[2℄ K. Wrzosek et al., HIL Annual Report 2007, page 28[3℄ I.M. Naqib et al., J. Phys. G3 (1977) 507.



HIL Annual Report 2009 43B.8 Spin and parity assignment for long-lived isomers in odd-oddN=81 nulei 146Tb and 148HoJ. Kownaki1 , Ch. Droste2 , T. Morek2 , E. Ruhowska3 , M. Kisieli«ski1 ,3 ,M. Kowalzyk1 ,2 , R.M. Lieder4 , J. Perkowski5 , P.J. Napiorkowski1 ,K. Wrzosek-Lipska1 ,2 , M. Zieli«ska1 , A. Kordyasz1 , A. Korman3 , W. Czarnaki3 ,K. Hady«ska-Kl�k1 ,2 , E. Grodner2 , J. Srebrny1 , J. Mierzejewski1 ,2 , J. Andrzejewski5 ,A. Król51) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) The A. Soªtan Institute for Nulear Studies, �wierk, Poland4) Institut für Kernphysik Forshungszentrum Jülih, Germany5) Institute of Physis, University of �ód¹, �ód¹, PolandIn the reported experiment 11 HPGe detetors of the OSIRIS-II array were assembledtogether with an eletron spetrometer hamber. Measurements of onversion eletronsin the o�-beam mode were performed in order to dedue multipolarity assignments forspei� transitions in the deay path of the 10+ isomers observed [1℄ in the 146Tb and
148Ho N=81 isotones (Fig. 1).The eletrons were deteted with 6 Si(Li) detetors loated inside the hamber, inwhih the ombination of two magneti �elds has been generated to separate e+ from e−and then to transport eletrons from the target area to the detetors [2℄. Eletron spetrafor the 373 keV line, gated on the 180 and 321 keV γ rays, and for the 321 keV line gatedon the 373 keV γ-ray in 148Ho are shown in Fig. 1. The obtained onversion oe�ientsKα, whih are given in Table 1, indiate that the 373 keV transition in 148Ho is of theE3 harater � in agreement with the former [1, 3℄ assumption based on the αtot valueestimated from the intensity balane. Formerly [4℄, basing on the deay harateristis,a spin/parity assignment of (6−) was proposed for the 9.59 s isomeri state in 148Ho. Inrefs. [1, 3℄ an M1 nature for the 321 keV transition from (7−) level to this state was sug-gested. However, our onversion eletron results (Fig. [1℄ and Table 1) �rmly indiate theE2 nature for this transition. Based on this results spin and parity of 5− an be assignedto the 0+x keV, 9.59 s isomer state (supported also by the shell model alulation). How-ever, looking at the β+/EC data [4�7℄ for the 148Ho → 148Dy deay the spin and parity of6− an not be exluded. Feeding the 8+ state in 148Dy with log ft=6.97 (IEC+β+ = 0.35)would be in on�it with the 5− assignment.There is, however, a possibility that this feeding is due to existene of not observedweak γ rays populating the 2833 keV level in 148Dy. The log ft values [5�7℄ indiatethat β transitions from the 9.59 s isomer to the 148Dy exited states are mainly allowed(δI = 0, 1; no parity hange), and in few ases �rst forbidden (δJ = 0, 1, 2 parity hanged).The 9.59 s isomer is suggested [3℄ to be of [πh11/2, νs−

11/2
℄ on�guration, thus the 321 keV,E2 transition an proeed from [πh11/2, νd−1

15/2
℄ 7− to [πh11/2, νs−1

11/2
℄ 5− state. Sine the

[πh11/2, νh−1

11/2
]10+ → [πh11/2, νd−1

3/2
]7− E3 transition is on�guration forbidden [1, 3℄ onean guess that this transition proeeds to admixtures ( πh11/2, νd−1

5/2
) in the 7− state,and onsequently the 321 keV, E2 transition has to proeed via νd−1

5/2
→ νs−1

1/2
admixedon�gurations. The 180, 141 and 108 keV transitions in 148Ho remain of M1 harater.In a similar way the present onversion eletron results show (Table 1 and Fig. 1) theE3 nature for the 417 keV transition in the 146Tb nuleus, in agreement with Refs. [1, 3℄,while the E2 nature is observed for the 343 keV transition. This observation does nothange the spin and parity � it remains Iπ = 5− , as it was determined in Refs. [6, 8℄.



44 HIL Annual Report 2009However, the E2 nature of the 343 keV transition suggests the deay from [πh11/2, νd−1

5/2
]7−to [πh11/2, νs−11/2]5

− state plaed 19 keV above 0+x keV, 23 s isomer. Similarities in thedeay of the 10+ isomers in 146Tb81 and 148Ho81 nulei on�rm our 5− assignment to 9.59 sisomer in 148Ho81. From the observation of spin and parity 5− for the long lived isomersin 146Tb81 and 148Ho81 nulei one an also expet that the ground state spin of 150Tm81(assumed in Refs. [1, 3℄ to be 6−) an be 5− as well.Table 1: Properties of the onversion lines assigned to 146Tb and 148Ho.Nuleus Eγ αexp
k αtheo

k Multipolarity(keV)
146Tb 343 0.040(8) 0.0322 E2417 0.049(6) 0.0516 E3
148Ho 321 0.043(8) 0.0410 E2372 0.065(10) 0.0760 E3
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Figure 1: Isomer deay paths in 148Ho and 146Tb (left) and o�-beam bakground orretede− spetra gated by γ rays (right).Bibliography[1℄ R. Broda et al., Z. Phys. A316 (1984) 125[2℄ J. Andrzejewski et al., Nul. Instr. Meth. A585 (2008) 155[3℄ R. Broda et al., Z. Phys. A334 (1989) 11[4℄ J. Wilson et al., Z. Phys. A296 (1980) 185[5℄ K.S. Toth et al., Phys. Rev. C37 1196 (1988)[6℄ E. Nolte et al., Z. Phys. A306 (1982) 223[7℄ A. Gadea et al., Z. Phys. A333 (1989) 29[8℄ E. Newman et al., Phys. Rev. C9 (1974) 674



HIL Annual Report 2009 45B.9 Upgrade of the internal onversion eletron spetrometerJ. Andrzejewski1 , J. Perkowski1 , J. Samorajzyk1 , �. Janiak1 , J. Kownaki2 ,J. Srebrny2 , W. Czarnaki3 , A. Korman31) Institute of Physis, University of �ód¹, �ód¹, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) The A. Soªtan Institute for Nulear Studies, �wierk, PolandThe Internal Conversion Spetrometer (ICE) designed and onstruted at the Uni-versity of �ód¹ was used in several suessful measurements at beams of the WarsawCylotron. A detailed desription of the spetrometer is presented in the publiation [1℄and results ahieved in experiments using the devie together with the OSIRIS II germa-nium detetor array were published in papers of Refs. [1�3℄.Further modi�ation of the ICE spetrometer was highly desired, with the goals ofinreasing its e�ieny and improving energy resolution of the Si(Li) detetors. Thegathered experiene led to the idea of a segmented silion detetor, with 12 independentparts, see Figure 1. The new detetor was manufatured by W. Czarneki and ollabora-tors at the A. Soªtan Institute for Nulear Studies in �wierk, and it was ready for testingin the middle of 2009. The ative total area of the new detetor is 4 times bigger than ofthe previously used one [1℄. The detetor is segmented at the bak side.

Figure 1: Shemati drawing of the new segmented silion detetor (left) and a pitureof the detetor manufatured in the A. Soªtan Institute for Nulear Studies in �wierk(right).Only six silion detetors (3 PIPS and 3 Si(Li)) were installed in the previous versionof the ICE spetrometer, so the eletronis system had to be modi�ed. Six new eletronistraks with preampli�ers were mounted. In order to ahieve good energy resolution, thedetetors must be ooled down. Originally, the ooling system onsisted of two indepen-dently supplied eletri iruits for three Peltier modules. Currently, the thermal energyis transferred from the detetor in two ooling steps through the opper onveyor to theouter radiator. The �rst ooling step, loated between the base of the heat onveyor andthe over of the spetrometer housing, is now omposed of 5 Peltier modules, with 69 Wpower eah, onneted in series. The seond step is plaed diretly under the opper platewith the detetor, and it onsists of 6 Peltier modules, 21 W eah. These hanges enable



46 HIL Annual Report 2009ooling of the detetor down to −30◦C, whih is optimal for the energy resolution of Si(Li)detetors [4℄.Internal onversion eletron spetra measured with the 207Bi alibration soure arepresented in Figure 2. The two spetra were olleted by a single segment of the newdetetor in room temperature, and at −30◦C, and they are marked with red and blaklines, respetively. The FWHM for the 975 keV eletron line is 9.8 keV.

Figure 2: The internal onversion eletron K, L and M lines of the 1064 keV transition
207Bi, measured by a single segment of the new Si(Li) detetor. The spetrum was olletedfor two di�erent temperatures of the silion.The e�ieny of the ICE spetrometer was determined by the measurement of internalonversion eletrons emitted by two alibration soures: 207Bi and 133Ba. Absolute e�-ieny of the spetrometer for the previous set-up and for the new segmented one, for thesame geometrial set of magneti �elds, is presented in Figure 3. One an learly notiethat the e�ieny of the new set-up in the most interesting energy range of eletrons(300�1000 keV) is 3 to 4 times higher than of the old one.Bibliography[1℄ J. Andrzejewski et al., Nul. Inst. and Meth. A585, (2008) 155[2℄ A. Król et al., Ata Phys. Pol. B39 (2009) 495[3℄ J. Perkowski et al., Eur. Phys. J. A42 (2009) 379�382[4℄ Modular Pulse-Proessing Eletronis and Semiondutor Radiation Detetors,ORTEC atalogue, page 1.12 (1997/1998)
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Figure 3: Absolute e�ieny of the ICE spetrometer for the earlier set-up of dete-tors (yellow irles) and for the new segmented devie (red squares), obtained by usingalibration soures 207Bi and 133Ba.B.10 The LaBr3 detetor non-linearity problemK. Hady«ska-Kl�k1 ,2 , M. Ciemaªa3 , M. Kisieli«ski1 ,4 , S. Kisyov5 , M. Kmieik3 ,M. Kowalzyk1 ,3 , A. Maj3 , W. M�zy«ski3 , M. Moszy«ski4 , P.J. Napiorkowski1 ,J. Srebrny1 , �. �widerski4 , D. Wolski4 , M. Zi�bli«ski31) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) The Henryk Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) The A. Soªtan Institute for Nulear Studies, �wierk, Poland5) So�a University �St. Kliment Ohridski�, So�a, BulgariaLanthanum bromide LaBr3 is a promising new sintillator for high energy γ rays. Theexellent energy resolution (3% for the 662 keV γ line in 137Cs) and timing response (timeresolution of about 250 ps [1℄) make this material very attrative for high resolution andhigh energy γ ray spetrosopy.Properties of a lanthanum bromide 2 inh ubi detetor were investigated using long-lived γ soures. Tests were performed at HIL, at the Andrzej Soªtan Institute for NulearStudies in �wierk and at the Institute of Nulear Physis of the Polish Aademy of Sienesin Kraków.The detetor setup onsisted of the LaBr3 rystal, the photomultiplier tube (Photonismodel XP 3292B) and a voltage divider. Two voltage dividers were used: the Photonismodel VD282K [2℄ and a devie onstruted in the Andrzej Soªtan Institute for NulearStudies in �wierk with a goal to improve the linearity of the energy response of thedetetor. The main di�erene between these two voltage dividers is the total resistivity.



48 HIL Annual Report 2009Eah step of the dynode asade in the �wierk voltage divider has a signi�antly lowerresistane ompared to the VD282K model. This results in the smaller in�uene of theinoming pulse on the harge distribution inside the voltage divider.Two γ soures were used for the energy alibration and energy linearity measurements:
60Co (1173.2 keV, 1332.5 keV and the sum peak 2505 keV) and a high-energy mono-energeti soure 244Cm + 13C (6129 keV). The 244Cm + 13C soure emits the 6129 keV
γ-ray following the 13C(α, nγ)16O reation, where the α partiles are produed by thedeay of 244Cm. In addition, a bakground line from the 40K deay (1460 keV) was visibleand used for alibration.Results of the linear �t to the experimental data are presented in Fig. 1 for the set-upwith the VD282K voltage divider (left panel) and with the new devie (right panel).

Figure 1: Linear �t to the experimental energy alibration points of the LaBr3 detetorwith the Photonis voltage divider model VD282K (left panel) and with the new voltagedivider (right panel).The energy alibration is highly non-linear in the set-up with the original voltagedivider VD282K. The problem was aused by a bad math between the voltage dividerand the preampli�er. After replaing the original voltage divider by the one better adaptedto the spei� preampli�er, a muh better linearity was ahieved.Bibliography[1℄ R. Niolini, Nul. Instr. Meth. A582 (2007) 554[2℄ Photomultiplier tube voltage divider Photonis model VD282K produt spei�ationhttp://www.photonis.om/upload/industrysiene/pdf/pmt/282K.PDF



HIL Annual Report 2009 49B.11 In-beam investigations of the properties of LaBr3 detetorsK. Hady«ska-Kl�k1 ,5 , D. Balabanski2 , M. Ciemaªa3 , E. Clément4 , A. Dijon4 ,A.K. Gourishetty3 , M. Kii«ska-Habior5 , M. Kisieli«ski1 ,6 , S. Kisyov2 , M. Kmieik3 ,M. Kowalzyk1 ,5 , S. Lalkovski2 , A. Maj3 , W. M�zy«ski3 , M. Moszy«ski6 ,P.J. Napiorkowski1 , D.A. Pi�tak1 ,7 , J. Srebrny1 , �. �widerski3 , D. Wolski3 ,K. Wrzosek-Lipska1 ,5 , M. Zieli«ska1 , M. Zi�bli«ski21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) So�a University �St. Kliment Ohridski�, So�a, Bulgaria3) The Henryk Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland4) GANIL, Caen, Frane5) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland6) The A. Soªtan Institute for Nulear Studies, �wierk, Poland7) Institute of Radioeletronis, Warsaw University of Tehnology, Warszawa, PolandIn-beam investigations of the LaBr3 detetors e�ieny and timing properties wereperformed using gamma radiation from fusion-evaporation reations indued by beams ofthe HIL ylotron. Two one-week long experiments were performed in autumn 2009.Experimental set-up for both measurements onsisted of:
• one two-inh LaBr3 detetor from the Institute of Nulear Physis in Kraków,
• two one-inh ylindrial LaBr3 detetors from the University of So�a �St. KlimentOhridski�
• six HPGe detetors in anti-Compton shields (part of the EAGLE spetrometer, HIL,University of Warsaw)In both experiments the same nulear reation was used: 14N beam, with the inidentenergy of 75 and 86 MeV, and intensity of 1 pnA was bombarding the 12C thik target (>50mg/m2). The measurements were foused on the following nulear reation hannels:
• 12C(14N, np)24Mg (stable) with the alulated ross setion of 1000 mb
• 12C(14N, 2p)24Na (T1/2 = 15 h) with the alulated ross setion of 7.8 mb
• 12C(14N, 2n)24Al (T1/2 = 2 s) with the alulated ross setion of 0.2 mb.1. E�ieny alibration of the LaBr3 detetorThe main goal of this experiment was to test a new method of in-beam e�ienyalibration and to determine the energy alibration of the LaBr3 detetor for gammaenergy up to 8 MeV, using heavy ion indued reation produts. The most interestingreation hannel was 12C(14N, 2n)24Al. The reation produt, 24Al, deays via the β+proess to the exited 24Mg, with the lifetime of 2.05 s. The strongest gamma lines,expeted to be observed following the de-exitation in 24Mg, were: 1368, 2754, 4316 and7059 keV. Experimental spetra were olleted in the 6 ms pause between the beam pulses� for this measurement, the beam maro-struture was 4 ms in-beam, followed by 6 mso�-beam.Comparison of the experimental spetra from the 2-inh ubi LaBr3 detetor (blue)and from the HPGe detetor (red) for the low energy region is shown in the Fig. 1. Besides
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Figure 1: Comparison of the spetra from the 2-inh ubi LaBr3 detetor (blue) andfrom the HPGe detetor (red) for the low energy region.gamma lines from 24Mg, single lines from many reation hannels, inluding 24,25Mg,
23,24Na, 20,21,22Ne, 16O, were learly visible.On-going data analysis will give an answer if the proposed nulear reation is the bestand shortest proedure for the in-beam e�ieny alibration.2. In-beam study of LaBr3 detetors responseThe aim of the experiment was to measure the time resolution of two 1-inh ylindrialLaBr3 detetors.The most interesting reation hannel was 12C(14N, 2p)24Na. The beta deay from the
24Na ground state (T1/2 = 15 h) leads to the 4122 keV state in 24Mg, whih de-exites bythe 2754 keV gamma transition, feeding the 1386 keV state. This simple deay shemeenabled determination of the LaBr3 detetor time resolution.Two LaBr3 detetors were used in oinidene � one detetor gave the START andthe seond one provided the STOP signal. The time signals from the detetor's photo-multiplier were sent to the onstant fration disriminator ORTEC QUAD 935, and aftershaping were analysed by the ORTEC TAC 566 onverter. On-going data analysis willprovide information about timing properties of small ylindrial LaBr3 detetors.



HIL Annual Report 2009 51B.12 Searh for alpha-deaying isomers in trans-lead isotopesusing the IGISOL devieA. Wojtasiewiz1 , W. Czarnaki2 , M. Kasztelan3 , M. Kisieli«ski2 ,4 , A. Korgul1 ,J. Kurewiz5 , W. Kurewiz1 , S. Lewandowski1 , S. Mianowski1 , A. Pªohoki1 ,B. Roussiére6 , O. Stezkiewiz4 , P. Sza�ik7 , A. Wilzek71) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland2) The A. Soªtan Institute for Nulear Studies, �wierk, Poland3) The A. Soªtan Institute for Nulear Studies, �ód¹, Poland4) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland5) Gesellshaft für Shwerionenforshung, Darmstadt, Germany6) Institut de Physique Nuléaire, Orsay, Frane7) Institute of Physis, University of Silesia, Katowie, PolandExperiments performed using the IGISOL devie at HIL are foused on the searh forisomeri states in nulei beyond lead. Our former studies have determined the α-deayenergy and half-life of the (9−) state in 216Fr for the �rst time [1℄. Identi�ation of the(9−) isomer provides a basis for the assignment of level energies of alternating parity band,whih is interpreted as indiating re�etion asymmetry. The present investigations of the
α-deay hain 224Pa → 220A → 216Fr →212At are aiming at the identi�ation of the 9−isomer in the 220A nuleus fed in the (5−) ground state α deay of 224Pa.The 224Pa ativity was produed in the 209Bi(18O, 3n) reation [2℄. The bismuth targetwas plaed inside the helium gas ell of the IGISOL devie. The A=224 α ativityimplanted into a thin arbon foil was viewed by four silion detetors with the solid angleof about 52%. Digital signal proessing was applied to obtain data on α-time orrelations.In 2009 several tehnial improvements have been introdued to the IGISOL system.The detetor hamber at the line end of the IGISOL devie [3℄ has been reonstruted.A �ange with a thik apton window and a Ge detetor with e�ieny of 40% wereinstalled, and the test experiment (reation 14N+209Bi, radioativity of the A=220 hain)was performed to hek the possibility of simultaneous measurements of α and γ ativities.An ion beam de�eting system has been onstruted and installed on the 40 keVradioative beam of the mass separator. It permits to determine half-lives of the isomeristates from the measured deay urves. The system was tested using the 14N +209 Bireation and de�etion time of 75 mse for the 220A alpha ativity. The time stability ofthe IGISOL devie in the presene of 40 kV high voltage and the heavy ion beam fromthe ylotron was improved by the installation of high �delity elements in the main powersupply system.These works were partially performed in the framework of the University of Warsaw� IN2P3 (Frane) ollaboration (No. 04-112) and have been supported in part by thePolish Ministry of Siene and Higher Eduation (Grant No. N202 017 032/0696).Bibliography[1℄ J. Kurewiz et al., Phys. Rev. C76 (2007) 054320[2℄ J. Kurewiz et al., ENAM '08 Conferene, Book of abstrats, page 158 (2008)[3℄ A. Wojtasiewiz et al., Nul. Phys. A746 (2004) 663



52 HIL Annual Report 2009B.13 Target set-up for study of inomplete fusion reationA.Kordyasz1 , A.Stolarz1 , J.Mierzejewski1 ,21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, PolandA silion ball made of ∆E silion detetors [1, 2℄ is used at HIL as a light hargedpartile (α, proton) ounter for in-beam γ-ray spetrosopy experiments and studies ofinomplete fusion reations. It is well known that Si layer degrades easily due to thebombardment by sattered beam projetiles or heavy produts of the reation, and this ansigni�antly shorten the detetor life time. Suh damages an be avoided, or signi�antlydereased, and thus the life time of detetors extended, if suitable protetive foils areused, whih stop heavy nulei from reahing the detetors. The optimum thikness of theshielding material varies depending on beam projetiles and reation produts.In ase of big silion balls with su�ient inner spae and relatively easy aess to thedetetors, the shielding an be designed as foils, plaed diretly in front of eah detetor.For a small array, in whih aess to the inside is very limited (see Figure 1 in the paperof referene [2℄) and whih annot be disassembled, suh way of proteting the siliondetetors would pratially be impossible. In this situation, instead of installing foils infront of the detetor wafers, the shielding may beome a part of the target set-up.The target is plaed between two tubes ating as shields, made of the appropriatematerial (aluminium, lead, et), thik enough to stop the heavy projetiles. One end ofeah tube is �xed to ring-frames. The target itself is plaed between these rings and bothrings are srewed together using mini srews (φ 1 mm) (Fig. 1).The omplete set-up of the target and shielding is then installed at the beam line.Suh set-up an be easily inserted into/taken out from the silion ball and in a relativelyshort time the shielding an be modi�ed if needed. The presented on�guration of theshielding is not only easy and quik to assemble, but also o�ers the opportunity of usingthe same Si-ball in various measurements without dismounting it for modi�ation of thedetetor protetion.The target-shielding on�guration desribed here was used in the measurement ofharged partile angular distributions, performed to study the mehanism of inompletefusion reation [3℄. The target-shielding set-up was omposed of the 122Sn target andtubes made of 70 µm aluminium foil. During this experiment, for a test purpose, it wasneessary to modify the shielding, by adding a thik (about 1 mm) Pb absorber. Theproedure of hanging the shields took less than 1 hour.Bibliography[1℄ A. Kordyasz et al., Nul. Inst. and Meth. A390 (1997) 198[2℄ A. Kordyasz, http://www.slj.uw.edu.pl/en/56.html[3℄ J. Mierzejewski et al., this Annual Report, page 35
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Figure 1: Setional view of the target-shielding set-up and its photo.





Part CExperiments using outside failities

55





HIL Annual Report 2009 57C.1 Coulomb exitation of 109AgM. Zieli«ska1 ,2 , A. Görgen2 , A. Bürger3 , W. Catford4 , E. Clément2 ,5 , C. Dossat2 ,J. Iwaniki1 , W. Korten2 , J. Ljungvall2 , P.J. Napiorkowski1 , D. Pi�etak1 ,6 , G. Sletten7 ,J. Srebrny1 , Ch. Theisen2 , K. Wrzosek-Lipska11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) CEA Salay, IRFU/SPhN, Gif-sur-Yvette, Frane3) HISKP, University of Bonn, Germany4) Department of Physis, University of Surrey, Guildford, UK5) GANIL, Caen, Frane6) Institute of Radioeletronis, Warsaw University of Tehnology, Warszawa, Poland7) NBI, University of Copenhagen, DanmarkA Coulomb exitation experiment to study the eletromagneti struture of the exoti
44Ar beam was performed at the SPIRAL faility at GANIL. Radioative 44Ar ions wereprodued by fragmentation of the intense 48Ca beam, post-aelerated with the CIMEylotron, and Coulomb exited on 208Pb and 109Ag targets of 1 mg/m2 thikness, atbeam energies of 3.7 MeV/A and 2.7 MeV/A, respetively. The average beam intensitywas 2×105 pps at the seondary target position.Gamma rays from the Coulomb exited states were deteted in the EXOGAM array,omprising 10 large segmented Compton-suppressed germanium lover detetors. Thesattered projetiles and the reoiling target nulei were deteted in an annular highlysegmented silion detetor, divided into 16 onentri rings and 96 azimuthal setors.The ative surfae of the detetor had inner and outer radii of 9 and 41 mm, respetively,and it was plaed 25 mm behind the target. It overed sattering angles between 25◦ and56◦ in the laboratory frame, whih orresponds to a range between 30◦ and 130◦ for the
208Pb target and between 35◦ and 130◦ for the 109Ag target in the entre-of-mass frame.The experiment yielded several E2 matrix elements onneting the low-lying states of
44Ar, inluding the quadrupole moment of the �rst exited 2+

1 state [1℄. As a byprodut,a large data set onerning the 109Ag isotope was olleted. Eleven gamma transitionsbetween eight low-lying states in 109Ag were observed (see Fig. 1). The statistis aumu-lated during ∼50 hours of data taking with the 109Ag target allowed subdividing the datainto eight sub-sets orresponding to di�erent ranges of sattering angles (four for reoildetetion and another four for sattered projetile detetion).
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Figure 1: Low-energy part of the level sheme for 109Ag showing γ-ray transitions observedin the present Coulomb exitation experiment.A rih set of E2 and M1 matrix elements in 109Ag was obtained as a result of the analy-sis using the standard Coulomb exitation ode GOSIA [2℄. Among these, the quadrupole



58 HIL Annual Report 2009moment of the �rst exited state is espeially worth mentioning. As the 109Ag isotope isnowadays a ommon target material in radioative beam Coulex experiments, the reduedtransition probabilities of exoti nulei are often determined using normalisation to theexitation of the two lowest states in 109Ag. The results obviously depend on quadrupolemoments of these states, espeially for high sattering angles.New values of the E2 and M1 matrix elements in 109Ag determined from the presentanalysis are listed in Tables 1 and 2. These were normalised to the B(E2) values ofthe most prominent transitions in 109Ag, namely: 311 keV, 3/2− → g.s., and 415 keV,5/2− → g.s., for whih B(E2)'s of 0.075(7) and 0.104(5) eb, respetively, are known [3℄.Table 1: E2 matrix elements in 109Ag.
Ii If 〈If‖E2‖Ii〉[eb℄ Ii If 〈If‖E2‖Ii〉[eb℄

1/2−1 3/2−2 -0.098 +0.006
−0.015 3/2−1 7/2−1 1.16 +0.09

−0.10

1/2−1 5/2−2 0.175 +0.005
−0.015 5/2−1 3/2−2 -0.17 +0.08

−0.08

3/2−1 3/2−1 -1.3 +0.3
−0.4 5/2−1 9/2−1 1.64 +0.05

−0.07

3/2−1 3/2−2 0.27 +0.04
−0.03 5/2−1 5/2−2 -0.38 +0.16

−0.17

3/2−1 5/2−2 0.36 +0.09
−0.09

Table 2: M1 matrix elements in 109Ag.
Ii If 〈If‖M1‖Ii〉[µN ℄ Ii If 〈If‖M1‖Ii〉[µN ℄

1/2−1 3/2−1 0.92 +0.11
−0.08 3/2−1 5/2−2 0.60 +0.04

−0.04

1/2−1 5/2−1 0.12 +0.02
−0.02 5/2−1 3/2−2 -1.4 +0.3

−0.4

1/2−1 3/2−2 -0.74 +0.11
−0.18 5/2−1 5/2−2 -0.91 +0.07

−0.07

3/2−1 3/2−2 0.37 +0.06
−0.04This work was partly supported by the European Community FP6 - Struturingthe ERA - Integrated Infrastruture Initiative - Contrat EURONS No. RII3-CT-2004-506065.Bibliography[1℄ M. Zieli«ska et al., Phys. Rev. C 80 (2009) 014317[2℄ T. Czosnyka, D. Cline, C.Y. Wu, Bull. Amer. Phys. So. 28 (1983) 745GOSIA User's Manual, available athttp://www.pas.rohester.edu/~line/Researh/2006manual.pdf[3℄ Evaluated Nulear Struture Data File (ENDSF) on-line database at http://www.nnd.bnl.gov/ensdf/, �le revised in 2006



HIL Annual Report 2009 59C.2 First modi�ation of silion wafer resistivity distribution bythe Seletive Neutron Transmutation DopingA.J. Kordyasz1 , M. Kowalzyk1 , E. Bednarek1 , L. Bardelli2 , R. Bougault3 ,L. Lavergne4 , J. Sarneki5 , M. Kisieli«ski6 , W. Czarnaki6 , T. Kozik7 , A. Brzozowski5 ,K. Pytel8 , M. Tarhalski8 , J. Tarasiuk9 , P. Grabie10 , A. Panas101) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) University of Florene, I.N.F.N. Sezione di Firenze, Italy3) LPC Caen, ENSICAEN, Université de Caen, CNRS/IN2P3, Frane4) Institute de Physique Nuléaire, CNRS/IN2P3 Université Paris-Sud 11, Frane5) Institute of Eletroni Materials Tehnology, Warszawa, Poland6) The A. Soªtan Institute for Nulear Studies, �wierk, Poland7) M. Smoluhowski Institute of Physis, Jagiellonian University, Kraków, Poland8) Institute of Atomi Energy POLATOM, Otwok-�wierk, Poland9) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland10) Institute of Eletron Tehnology, Warszawa, PolandUniform resistivity of silion wafers is very important for silion detetor tehnology,espeially for heavy ion identi�ation by pulse shape analysis [1℄. A new method, namedSeletive neutron Transmutation Doping (SnTD), was proposed [2℄. for the orretionof silion wafer resisitivity distribution In this proess the silion wafer resistivity is lo-ally modi�ated by phosphorus donors, produed by the neutron transmutation doping(nTD), using the thermal neutron indued apture reation 30Si(n, γ)31Si → 31P + β−.The loal silion resistivity modi�ation was ahieved by hange of the thermal neutron�ux distribution using dediated neutron �lters. For preliminary test of the SnTD, wehave used the four inh n-n+ epitaxial struture produed in the Institute of EletroniMaterials Tehnology, Warsaw, Poland, of thikness about 118 µm, with an average re-sistivity 3.9 kΩ·m, determined by the C-V method [3℄. The tested SnTD proess wasperformed by overing this struture by a 1 mm thik Cd mask with empty holes and anempty ross. Geometry of the mask is illustrated in Fig. 1.The mask with the n-n+ struture was then inserted into the thermal neutron �uxof about 1.7·1012n/m2s to aumulate neutron �uene 6·1016n/m2. The irradiation wasperformed using the virtual vertial neutron beam hannel of the reator Maria at TheSoªtan Institute for Nulear Studies in �wierk [4℄. After irradiation by thermal neutrons,the regions of silion not overed by the Cd mask have redued their resistivity from3.9 kΩ·m to about 220 Ω·m, see Fig. 2 .It was additionally observed that the weak neutron irradiation of the silion throughthe 1 mm thik Cd mask leads to the redution of wafer resistivity from about 3.9 kΩ·mto approximately 900 Ω·m. This proess depends on the Cd ross setion for neutronapture, whih is e�etive for neutrons with energy less than 6 eV. To obtain more e�etiveabsorption of thermal neutrons, the mask should be made from the boron material, whihhas a high neutron apture ross setion in the broad neutron energy range.Aknowledgements: We would like thank very muh to Magda Zieli«ska, KrzysztofRusek, Wojtek Gawlikowiz, Ludwik Pie«kowski, G. Poggi and Daniel Tomaszewski forfruitful disussions and omments.
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Figure 1: Pattern of Cd mask with empty holes and the empty ross. All dimensions arein mm.

Figure 2: Resistivity distribution of the silion wafer epitaxial n-n+ struture, after irra-diation by the thermal neutron �ux with �uene 6·1016n/m2 through the Cd mask shownin Fig. 1. Resistivity distribution was measured by the C-V method [3℄.



HIL Annual Report 2009 61Bibliography[1℄ L. Bardelli et al., Nul. Inst. and Meth. A605 (2009) 353[2℄ A.J. Kordyasz, �Improvement of silion detetor tehnology for FAZIA Digital PulseShape Analysis� FAZIA Days in Naples, 4�5 Otober, 2007[3℄ A.J. Kordyasz et al., Proeedings of Siene RD09 016[4℄ A.J. Kordyasz, K. Pytel, M. Tarhalski, HIL Annual Report 2008, page 41

C.3 Silion vertex detetor for super-heavy elements identi�a-tionA. KordyaszHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandA silion vertex detetor for identi�ation of super-heavy elements has been designed.The detetor is shown in Fig. 1. The setup will onsist of 9 silion strip detetors withthe thikness about 5 µm produed by the PPPP proess [1℄, and an additional 300 µmthik strip detetor for stopping α partiles from the deay of forward moving super-heavyelements and their daughters. The energy loss of α partiles in 5 µm thik detetors isabout 0.5 MeV, whih is su�ient to determine their trajetories. For α partiles whihare emitted in bakward diretions, a system of 300 µm thik detetors with a hole fora super-heavy beam is proposed (shown in red in Fig. 1). Almost all α partiles, exeptthose moving in the diretion parallel to the beam line, are stopped by this system.The proposed vertex detetor measures energies of super-heavy elements as well as theirproduts (α partiles and �ssion fragments) in the solid angle lose to 4π. Additionally, itprovides trajetories of all registered partiles, whih onsiderably improves identi�ationof super-heavy elements.Aknowledgements: My sinere thanks to M. Zieli«ska, K. Rusek, J. Bªoki, W. Gaw-likowiz, L. Pie«kowski, Z. Sosin, A. Wieloh, T. Kozik, A. Trzi«ska, M. Palaz, forfruitful disussions and omments.Bibliography[1℄ A.J. Kordyasz et al, Nul. Inst. and Meth. A570 (2007) 33
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HIL Annual Report 2009 63C.4 NEDA simulationsG. Jaworski1 ,2 , M. Palaz1 , T. Hüyük3 , A. Gottardo4 , J. Nyberg5 , B. Roeder6 ,J.J. Valiente Dobon41) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Faulty of Physis, Warsaw University of Tehnology, Warszawa, Poland3) Instituto de Físia Corpusular, Valenia, Spain4) Laboratori Nationali di Legnaro, Legnaro, Italy5) Department of Physis and Astronomy, Uppsala University, Uppsala, Sweden6) Cylotron Institute, Texas A&M University, Collage Station, USAWork on the design of the new neutron detetion array NEDA is ontinued (see [1℄)and Monte Carlo simulations are in progress, with the aim to evaluate properties ofsintillators used to register neutrons, as well as to establish optimum geometry of thearray.The simulations are performed using the Geant4 pakage version 4.9.2.p02, employingalso the Agata Simulation Code (ASC) [2℄. The ASC pakage is used as a onvenient toolfor handling simulation input and output data, as well various detetor geometries.Neutrons deposit energy in the detetor by interation with nulei of the sintillatormedium. Two di�erent sintillators are onsidered: standard BC501A and deuteratedBC537, with the approximate hemial omposition C8H10 (xylene) and C6D6 (benzene),respetively. The following interations of neutrons are possible:
• elasti sattering (on p, d and 12C);
• endothermi 12C(n,α)9Be (Q=-5.701 MeV);
• exothermi neutron apture on p, d and 12C, followed by emission of a γ-ray;
• similar reations on rare isotopes ontained in the sintillators: 13C and deuteronin ase of BC501A (natural isotopi abundane of hydrogen and arbon is assumedfor the sintillator material), as well as on 13C and ontaminating protons in aseof BC537.The produts of these reations (or seondary partiles produed in subsequent in-terations) deposit energy in the sintillator and this energy is onverted to light usingparametrisation of referene [3℄. Light may by produed by protons, deuterons, 9Be and

12C nulei, α partiles, as well as by eletrons and γ rays.Signi�ant de�ienies of neutron interation model ontained in Geant4 versions ear-lier than 4.9.2 are known. The present Geant4 version was validated by analysing thephysial proesses ativated in Geant4 when neutrons interat in organi sintillators,and by omparing the results to the available experimental ross setion data, as well asto the results given by the MCNP-X ode. It was onluded that for the neutron energyrange of approximately 0 to 10 MeV Geant4 produes reliable results. Note that inelastiinterations were not fully validated. Problems with suh interations ould atually stillbe identi�ed � like missing reation 12C(n,n')3α or wrong kinematis of the 12C(n,α)9Beproess. The remaining de�ienies annot be signi�ant for NEDA as these proesses arenot important in the neutron energy of interest.A systemati study was performed in order to establish optimum size of a singledetetor, whih would maximise e�ieny of the neutron detetion, minimise probability



64 HIL Annual Report 2009that one neutron interats in two or more detetors, and provide good time resolution. Itwas onluded that NEDA detetors should be about 20 m long (dimension along theneutron impat diretion) and transverse size of a single detetor is atually limited bythe diameter of largest photomultiplier tubes available, whih is 5 inhes.Size of the entire NEDA detetor array is limited by the spae onstraints in theexperimental hall, one of whih is the height above the �oor level of the SPIRAL2 beamline (1.75 m), but also by the maximum �ight time of neutrons to the detetors, whihshould not be larger than the distane between pulses of beams used in the experiments.Taking both spae and time-of-�ight onstraints into aount, we onluded that thelargest pratial inner radius of the NEDA detetor setup is about 1 m, and in suhon�guration the majority of neutron interations will happen within 100 ns window,starting from the time when beam hits the target. Suh an array will onsist of morethan 200 individual detetors.Details of the NEDA simulations performed so far an be found in the progress re-port [4℄. Further work onentrates now on evaluating properties of di�erent possibleNEDA geometries.Bibliography[1℄ M. Palaz and G. Jaworski, HIL Annual Report 2008, page 51[2℄ E. Farnea, Agata Simulation Code, http://agata.pd.infn.it/agata_simul.htm[3℄ E. Dekempeneer, H. Liskien, L. Mewissen, F. Poortmans, Nul. Inst. and Meth. A256(1987) 489[4℄ M. Palaz et al., Neda simulations � progress report, Deember 2009http://www.slj.uw.edu.pl/neda
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HIL Annual Report 2009 67D.1 PhD and MS theses ompleted in 2009 or in progressD.1.1 PhD theses of students a�liated at HIL and of HIL sta� membersKatarzyna Wrzosek-LipskaBadanie struktury elektromagnetyznej niskospinowyh stanów wzbudzonyhj¡dra 100Mo metod¡ wzbudze« kulombowskihEletromagneti struture of low-spin exited states in 100Mo using the Coulomb exitationmethodSupervisor: dr hab. L. Pie«kowski. Expeted ompletion time: 2010Jan 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: 2011Grzegorz Jaworski, Faulty of Physis, Warsaw University of TehnologySupervisor: prof. dr hab. J. Kownaki. Expeted ompletion time: 2011Katarzyna Hady«ska-Kl�kSupervisor: prof. dr hab. M. Kii«ska-Habior. Expeted ompletion time: 2012Daniel Pi�tak, Institute of Radioeletronis, Warsaw University of TehnologySupervisor: prof. dr hab. J. Wojiehowski. Expeted ompletion time: 2012D.1.2 PhD theses based on experiments performed at HILVolodymyr O. Romanyshyn, Institute for Nulear Researh,Ukrainian Aademy of SienesNulear proesses in the ollision of the 7Li + 10B nuleiSupervisor: prof. A.T. Rudhik. Thesis defended in 2010Joanna Czub, Faulty of Physis, Jan Kohanowski University, KieleBiologizne dziaªanie promieniowania o wysokim LETBiologial e�ets of radiation with high LET valueSupervisor: prof. dr hab. J. Braziewiz. Expeted ompletion time: 2010Izabela Strojek, The Andrzej Soªtan Institute for Nulear Studies, �wierkWpªyw struktury j¡dra 20Ne na reakje z jego udziaªemIn�uene of the 20Ne struture on reations with this nuleusSupervisor: prof. dr hab. K. Rusek. Expeted ompletion time: 2011Urszula Ka¹mierzak, Faulty of Physis, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. Expeted ompletion time: 2014



68 HIL Annual Report 2009D.1.3 MS theses supervised by HIL sta� members�ukasz Czernik, Faulty of Physis, Warsaw University of TehnologyKalibraje spektrometru syntylayjnego promieniowania γ z wykorzystaniemkrótko»yiowyh produktów reakji j¡drowyhCalibration of a sintillator γ-ray spetrometer using short-lived nulear reation produtsSupervisor: dr J. Srebrny. Thesis defended in 2009Alija Staudt, Department of Physis, University of SilesiaBadanie wªasno±i zespoªu detektorów ukªadu ICARECharateristis of the ICARE detetion set-upSupervisors: prof. dr hab. W. Zipper, dr hab. E. Piaseki. Thesis defended in 2009Anna Piórkowska, Department of Physis, University of SilesiaZastosowanie wielodetektorowego ukªadu ICARE do pomiaru rozkªadu k¡towegorozpraszania 20Ne + 208Pb przy energiah 105 MeV i 115 MeVAngular distributions of 20Ne + 208Pb sattering at 105 and 115 MeV beam energy mea-sured with the ICARE multidetetor set-upSupervisors: prof. dr hab. W. Zipper, dr hab. E. Piaseki. Thesis defended in 2009Grzegorz Mentrak, Faulty of Physis, Warsaw University of TehnologyOpraowanie ukªadu yfrowo-analogowego sterowania zasilazami pr¡du staªegodo magnesów odhylaj¡yh w Warszawskim CyklotronieA digital/analog ontrol system for DC power supplies for bending magnets of the WarsawCylotronSupervisor: dr J. Choi«ski. Expeted ompletion time: 2010Mihalina Komorowska, Faulty of Physis, University of WarsawSupervisors: prof. M. Kii«ska-Habior, dr J. Srebrny. Expeted ompletion time: 2011D.1.4 Other MS theses based on experiments performed at HILJan Dyzewski, Faulty of Physis, University of WarsawOpraowanie metodyki uzyskania jednorodnej wi¡zki jonówz Cyklotronu WarszawskiegoA method to obtain homogeneous beams from the Warsaw CylotronSupervisor: dr hab. Z. Sze�i«ski. Thesis defended in 2009Urszula Górak, Faulty of Physis, University of WarsawWspóªzynniki skutezno±i biologiznej dla komórek CHO-K1, na±wietlanyhjonami w�gla 12CRelative biologial e�etiveness for CHO-K1 ells irradiated with 12C ionsSupervisor: dr hab. Z. Sze�i«ski. Thesis defended in 2009



HIL Annual Report 2009 69�ukasz Ka¹mierzak, Faulty of Physis, University of WarsawSymulaje numeryzne skutezno±i radiobiologiznej jonów w�gla w na±wiet-laniu komórek CHO-K1Numerial simulations of the radiobiologial e�etiveness of arbon ions irradiatingCHO-K1 ellsSupervisor: dr hab. Z. Sze�i«ski. Thesis defended in 2009Grzegorz Knor, Faulty of Physis, University of WarsawSymulaje oddziaªywania i�»kih jonów z materiaªem komórkowymSimulations of the heavy-ion interation in the ellular materialSupervisor: dr hab. Z. Sze�i«ski. Thesis defended in 2009Damian Karpi«ski, Faulty of Physis, University of WarsawBadanie korelaji k¡towyh kwantów gamma na wi¡ze i�»kih jonów jako¹ródªo informaji spektroskopowyhAngular orrelations of in-beam measured gamma rays: a soure of spetrosopi infor-mationSupervisor: dr E. Grodner. Expeted ompletion time: 2010�ukasz Janiak, University of �ód¹Wyznazenie multipolowo±i przej±¢ elektromagnetyznyh na podstawie po-miarów koinydenyjnyh elektron-gammaDetermination of multipolarities of eletromagneti transitions from eletron-gamma o-inidene measurementsSupervisor: dr J. Perkowski. Expeted ompletion time: 2010D.1.5 BS theses supervised by HIL sta� membersJakub Ogrodnik, Faulty of Physis, Warsaw University of TehnologyDobór optymalnyh warunków pray osªony antykomptonowskiej spektrometrugermanowegoOptimum working onditions of an anti-Compton shield of the germanium spetrometerSupervisor: dr J. Srebrny. Expeted ompletion time: 2010



70 HIL Annual Report 2009D.2 SeminarsD.2.1 Seminars at HILJ. Jastrz�bski (HIL) 5 MarhSprawozdanie z dziaªalno±i Laboratorium w roku 2008Report from the HIL diretor for the year 2008K. Rusek (HIL) 5 Marh�LCJ � jak je widz�My vision of HILJ. Srebrny (HIL) 14 MayEAGLE � nowy etap spektroskopii na wi¡ze U200PEAGLE � new stage in the in-beam spetrosopy at the U200P ylotronE. Kajfasz (CPPM Marseille, Frane) 13 JulyHow we study the two in�nities at CPPML. Grigorenko (JINR Dubna, Russia) 23 NovemberFragment separator ACCULINNA-2 projetJ. Jastrz�bski (HIL) 26 NovemberTerapia hadronowa � impresje z Kongresu PTCOG 48,Heidelberg 1-3 pa¹dziernika 2009Hadron therapy � impressions from the 48th Partile TherapyCo-Operative Group Meeting, Heidelberg, 1-3 Otober 2009D.2.2 External seminars given by the HIL sta�L. Pie«kowski 20 JanuarySynergia w�glowo-j¡drowa perspektyw¡ tehnologizn¡ dla wielkiej syntezyhemiznej w PolseNulear-oal synergy � a tehnology perspetive for the great hemial synthesis in PolandSeminar of the Faulty of Chemistry, Warsaw University of Tehnology, Warszawa, PolandJ. Choi«ski 13 FebruaryHeavy Ion Laboratory and the Radiopharmaeutials Prodution CentreSeminar of the JINR Dubna, RussiaL. Pie«kowski 17 MarhEuropean demonstration of proess heat appliation with nulear reators.Towards nulear-oal synergypresentation at the National Eonomy Committee meeting, the Senate of the Republiof Poland, Warszawa, Poland



HIL Annual Report 2009 71J. Jastrz�bski 19 MarhTomogra�a pozytonowa w PolsePositron tomography in PolandSeminar of the Faulty of Physis, Adam Mikiewiz University, Pozna«, PolandL. Pie«kowski 23 MarhSynergia w�glowo-j¡drowa, du»y europejski projekt demonstruj¡y wykorzys-tania reaktorów wysokotemperaturowyh w PolseNulear-oal synergy, a large European projet showing appliations of high-temperaturereators in PolandOpen leture at the Polish Physis Soiety meeting, Szzein, PolandM. Palaz 31 MarhSimulation of anillary detetors8th Agata Week, Köln, GermanyL. Pielore«kowski 23 AprilEuropean demonstration of proess heat appliation with nulear reatorsPresentation at the European Parliament, Strasbourg, FraneE. Piaseki 5 MayFuzzy barrier distributionsConferene �Nulear Struture and Dynamis�, Dubrovnik, CroatiaL. Pie«kowski 27 MaySk¡d wzi¡¢ fahowów dla energetyki j¡drowej w Polse?Where to �nd the quali�ed sta� for nulear energy in Poland?�A but maybe H? � prospets for nulear energy in Poland in light of European experi-enes�, Warszawa, PolandD. Pi�tak 1 JuneAppliation of Geneti Algorithm with Real Representation to COULEX DataAnalysisXII Conferene �Evolutionary Computation and Global Optimization� Zawoja, PolandG. Jaworski 18 JuneIs it a good idea to deuterize the Neutron Wall?SPIRAL2 PP Task 5.8 ollaboration meeting �NEDA � New Neutron Detetorfor SPIRAL 2�, Istanbul, TurkeyM. Palaz 18 JuneValidation of neutron interations in Geant4SPIRAL2 PP Task 5.8 ollaboration meeting �NEDA � New Neutron Detetorfor SPIRAL 2�, Istanbul, Turkey



72 HIL Annual Report 2009G. Jaworski 10 JulyModelowanie eksperymentów z udziaªem RFDSimulating RFD experimentsPresentation at the Henryk Niewodniza«ski Institute of Nulear Physis,Polish Aademy of Sienes, Kraków, PolandA. Trzi«ska 31 AugustAntiprotoni atoms as a tool to study the nulear peripheryXXXI Mazurian Lakes Conferene on Physis, Piaski, PolandM. Zieli«ska 8 SeptemberCoulomb exitation of neutron-rih 44Ar at SPIRAL:determination of nulear stati moments using post-aelerated exoti beamsXVI Colloque GANIL, Giens, FraneK. Rusek 25 SeptemberProbing the nulear potential with reations16th Nulear Physis Workshop �Marie & Pierre Curie�, Kazimierz Dolny, PolandK.Wrzosek-Lipska 25 SeptemberEAGLE � a new experimental tool for gamma spetrosopy on beams of theWarsaw ylotron16th Nulear Physis Workshop �Marie & Pierre Curie�, Kazimierz Dolny, PolandA. Kordyasz 1 OtoberDetermination of Si wafer resistivity distributions by C-V measurementsRD09 � 9th International Conferene on Large Sale Appliationsand Radiation Hardness of Semiondutor Detetors, Florene, ItalyK. Hady«ska-Kl�k 15 OtoberTests of ubi 2×2×2 LaBr3 in Kraków and WarsawPARIS Collaboration Meeting, Kraków, PolandK. Rusek 23 OtoberPotenjaª optyzny z dala od ±ie»ki stabilno±iOptial potential far from the stability lineSeminar of the Nulear Physis Department, Faulty of Physis, University of Warsaw,Warszawa, PolandA. Kordyasz 24 OtoberResistivity distribution of Si wafer by C-V measurement with gravitationallypressed merury dropFAZIA Meeting, Kraków, Poland



HIL Annual Report 2009 73W. Gawlikowiz 30 OtoberDynamizna i statystyzna emisja fragmentów w zderzeniah i�»kojonowyhprzy po±rednih energiahDynamial and statistial fragment emission in heavy ion ollision at intermediateenergiesSeminar of the Nulear Physis Department, Faulty of Physis, University of Warsaw,Warszawa, PolandJ. Jastrz�bski 8 NovemberSnapshots on long going � ompetition � ollaboration � friendshipJan Styze« Anniversary Colloquium, Kraków, PolandM. Zieli«ska 14 NovemberColletivity in the viinity of N=50 shell losureHRIBF Users Workshop: HRIBF, Upgrade for the FRIB Era, Oak Ridge, USAL. Pie«kowski 19 NovemberConept of the nulear-oal synergyNulear Power Tehnology, Investor, Finaning International Conferene, Warszawa, PolandK. Rusek 16 DeemberEAGLE � present status and the nearest futureDREB2009: Diret Reations with Exoti Beams, Tallahassee, Florida, USAD.2.3 Poster presentationsK. Hady«ska-Kl�kCoulomb exitation of 100Mo � determination of the E3 strengthEuroshool on Exoti Beams, Leuven, Belgium, 4-11 September 2009M. Zieli«skaEAGLE (entral European Array for Gamma Levels Evaluation) ampaign atthe Heavy Ion Laboratory, University of WarsawXVI Colloque GANIL, Giens, Frane, 6-11 September 2009J. Jastrz�bskiRadiopharmaeutials Prodution and Researh Centreat the University of Warsaw5th International Conferene on Imaging Tehnologies in Biomedial Sienes(ITBS 2009), 13-16 September 2009, Milos Island, GreeeM. Woli«ska-CihokaHeavy Ion Laboratory at the University of WarsawXXVII European Cylotron Progress Meeting, Groningen,The Netherlands, 28-31 Otober 2009



74 HIL Annual Report 2009K. KilianRadiofarmaeutyki do diagnostyki horób ukªadu nerwowegoRadiopharmaeutials for diagnosing nervous system diseasesII CePT Sienti� Conferene, Warszawa, Poland, 4 November 2009
D.2.4 Siene popularisation leturesK. Kilian 28 AprilDiagnostyka medyzna z wykorzystaniem najnowszyh osi¡gni�¢�zyki j¡drowejMedial diagnostis based on modern ahievements of nulear physisThird Age University of the Shalom Foundation, Warszawa, PolandK. Kilian 19 MayO my±leniu w do±wiadzeniuOn thinking behind the experimentLeture losing the �EUREKA� ompetition for seondary shools, Warszawa, PolandL. Pie«kowski 19 SeptemberEnergetyka j¡drowa w Polse � dobry poz¡tekNulear energy in Poland � good starting pointXIII Festival of Siene, 19-25 September 2009, Warszawa, PolandP. Napiorkowski 19 SeptemberBro« j¡drowa w wale z faªszerzami winNulear weapons against wine fraudstersXIII Festival of Siene, 19-25 September 2009, Warszawa, PolandJ. Kownaki 19 SeptemberPrzegl¡d akeleratorów i ih zastosowaniaOverview of aelerators and their appliationsXIII Festival of Siene, 19-25 September 2009, Warszawa, PolandA. Kordyasz 19 SeptemberNaturalna promieniotwórzo±¢ wokóª nas � pomiar radioaktywno±i radonui jego pohodnyh w ±rodowisku naturalnymNatural radioativity around us � measurement of the ativity of radonand its daughters in the natural environmentXIII Festival of Siene, 19-25 September 2009, Warszawa, Poland



HIL Annual Report 2009 75K. Kilian 19 SeptemberRadiofarmaeutyki do pozytronowej tomogra�i emisyjnej (PET).Nowe mo»liwo±i dla nauki, ohrony zdrowia i przemysªuRadiopharmaeutials for Positron Emission Tomography (PET).New perspetives for siene, health are and industryXIII Festival of Siene, 19-25 September 2009, Warszawa, PolandP. Napiorkowski 21 SeptemberFizyka dla bramkarzyPhysis for goalkeepersXIII Festival of Siene, 19-25 September 2009, Warszawa, PolandM. Zieli«ska 25 SeptemberJak zobazy¢ j¡dro atomowe?How to see an atomi nuleus?XIII Festival of Siene, 19-25 September 2009, Warszawa, PolandL. Pie«kowski 25 SeptemberCzym poleie¢ na Marsa?How to reah Mars?XIII Festival of Siene, 19-25 September 2009, Warszawa, PolandM. Zieli«ska 18 NovemberJak zobazy¢ j¡dro atomowe?How to see an atomi nuleus?Open Day of the University of Warsaw, Warszawa, Poland
D.2.5 Letures for studentsL. Pie«kowski 29 SeptemberEnergetyka j¡drowa w PolseNulear energy in PolandPostgraduate Studies in Physis and Astronomy (II year), University of Warsaw, Warszawa,PolandM. Zieli«ska 29 September�rodowiskowe Laboratorium Ci�»kih JonówPresentation of the Heavy Ion LaboratoryPostgraduate Studies in Physis and Astronomy (II year), University of Warsaw, Warszawa,Poland



76 HIL Annual Report 2009K. Kilian 29 NovemberRadiofarmaeutyki PETPET radiopharmaeutialsFaulty of Biology (II year), University of Warsaw, Warszawa, PolandD.2.6 Involvement of the HIL sta� in organisation of onferenes and work-shopsPolish Workshop on Aeleration and Appliations of Heavy Ions20-25 April 2009, HIL, Warszawa, PolandLoal Organising Committee: P. Napiorkowski, A. Trzi«skaXXXI Mazurian Lakes Conferene on Physis�Nulear Physis and the Road to FAIR�30 August � 6 September 2009, Piaski, PolandMember of the Loal Organising Committee: M. Woli«ska-CihokaXIII Festival of Siene, 19-25 September 2009, Warszawa, PolandLoal Coordinator: K. Wrzosek-LipskaResearhers' Night, 25 September 2009, Warszawa, PolandLoal Coordinator: K. Hady«ska-Kl�k



HIL Annual Report 2009 77D.3 PubliationsD.3.1 ISI listed publiationsPubliations resulting from work performed with HIL failitiesJ. Czub, D. Bana±, A. Bªaszzyk, J. Braziewiz, I. Burazewska, J. Choi«ski, U. Górak,M. Jaskóªa, A. Korman, A. Lanko�, H. Lisowska, A. �ukaszek, Z. Sze�i«ski, A. Wójik,Cell survival and hromosomal aberrations in CHO-K1 ells irradiated byarbon ions,Applied Radiation and Isotopes 67 (2009) 447.J. Jastrz�bski,Nulear Physis at the Warsaw Cylotron,Ata Phys. Pol. B40 (2009) 839.E. Piaseki, �. �widerski, W. Gawlikowiz, J. Jastrz�bski, N. Keeley, M. Kisieli«ski,S. Klizewski, A. Kordyasz, M. Kowalzyk, S. Khlebnikov, E. Koshhiy, E. Kozulin,T. Krogulski, T. Loktev, M. Mutterer, K. Piaseki, A. Piórkowska, K. Rusek, A. Staudt,M. Sillanpää, S. Smirnov, I. Strojek, G. Tiourin, W.H. Trzaska, A. Trzi«ska, K. Hagino,N. Rowley,E�ets of weakly oupled hannels on quasielasti barrier distributions,Phys. Rev. C80 (2009) 054613.E. Piaseki, A. Trzi«ska, W. Gawlikowiz, J. Jastrz�bski, N. Keeley, M. Kisieli«ski,S. Klizewski, A. Kordyasz, M. Kowalzyk, S. Khlebnikov, E. Koshhiy, E. Kozulin,T. Krogulski, T. Lotkiev, M. Mutterer, K. Piaseki, A. Piórkowska, K. Rusek, A. Staudt,I. Strojek, W.H. Trzaska, M. Sillanpää, S. Smirnov, G. Tiourin, K. Hagino, N. Rowley,Are the weak hannels really weak?,Ata Phys. Pol. B40 (2009) 849.S. Klizewski, A.A. Rudhik, A.T. Rudhik, O.A. Ponkratenko, E.I. Koshhy,V.M. Kyryanhuk, Val.M. Pirnak, O.A. Momotyuk, A. Budzanowski, B. Czeh, R. Siudak,I. Skwirzy«ska, A. Szzurek, S.Yu. Mezhevyh, K. Rusek, S.B. Sakuta, E. Piaseki,J. Choi«ski, L. Gªowaka,Study of light exoti and stable nulei with heavy ion reations,Ata Phys. Pol. B40 (2009) 893.A.T. Rudhik, Y.M. Stepanenko, K.W. Kemper, A.A. Rudhik, O.A. Ponkratenko,E.I. Koshhy, S. Klizewski, K. Rusek, A. Budzanowski, S.Y. Mezhevyh, V.M. Pirnak,I. Skwirzy«ska, R. Siudak, B. Czeh, A. Szzurek, V.V. Uleshhenko, J. Choi«ski,L. Gªowaka,
8Li optial potential from 7Li(18O, 17O)8Li reation analysis,Nul. Phys. A831 (2009) 139.



78 HIL Annual Report 2009V.O. Romanyshyn, A.T. Rudhik, K. W. Kemper, S. Klizewski, E.I. Koshhy,O.A. Ponkratenko, K. Rusek, A. Budzanowski, J. Choi«ski, B. Czeh, L. Gªowaka,S. Yu. Mezhevyh, V.M. Pirnak, V. A. Plujko, A.A. Rudhik, I. Skwirzy«ska, R. Siudak,A. Szzurek,
8Be sattering potentials from reation analyses,Phys. Rev. C79 (2009) 054609.J. Perkowski, J. Andrzejewski, J. Srebrny, A.M. Brue, Ch. Droste, E. Grodner,M. Kisieli«ski, A. Korman, M. Kowalzyk, J. Kownaki, A. Król, J. Marganie,J. Mierzejewski, T. Morek, K. Sobzak, W.H. Trzaska, M. Zieli«ska,Absolute E3 and M2 transition probabilities for the eletromagneti deay ofthe Iπ=Kπ=8− isomeri state in 132Ce,Eur. Phys. J. A42 (2009) 379.A. Szydªowski, B. Sartowska, M. Jaskóªa, A. Korman, A. Malinowska, J. Choi«ski,Calibration of PM-355 nulear trak detetor: For C-ions within the energyrange 70-90 MeV,Radiation Measurements 44 (2009) 798.
Publiations resulting from work performed with failities outside HILS. Ketelhut, P.T. Greenlees, D. Akermann, S. Antali, E. Clément, I.G. Darby,O. Dorvaux, A. Drouart, S. Eekhaudt, B.J.P. Gall, A. Görgen, T. Grahn, C. Gray-Jones,K. Haushild, R.-D. Herzberg, F. Hessberger, U. Jakobsson, G.D. Jones, P. Jones,R. Julin, S. Juutinen, T.-L. Khoo, W. Korten, M. Leino, A.-P. Leppänen, J. Ljungvall,S. Moon, M. Nyman, A. Obertelli, J. Pakarinen, E. Parr, P. Papadakis, P. Peura, J. Piot,A. Prithard, P. Rahkila, D. Rostron, P. Ruotsalainen, M. Sandzelius, J. Sarén, C. Sholey,J. Sorri, A. Steer, B. Sulignano, Ch. Theisen, J. Uusitalo, M. Venhart, M. Zieli«ska,M. Bender, P.-H. Heenen,Gamma-ray spetrosopy at the limits: First observation of rotational bandsin 255Lr,Phys. Rev. Lett. 102 (2009) 212501.A. Ekström, J. Cederkäll, D.D. DiJulio, C. Fahlander, M. Hjorth-Jensen, A. Blazhev,B. Bruyneel, P.A. Butler, T. Davinson, J. Eberth, C. Fransen, K. Geibel, H. Hess,O. Ivanov, J. Iwaniki, O. Kester, J. Kownaki, U. Koster, B.A. Marsh, P. Reiter,M. Shek, B. Siebek, S. Siem, I. Stefanesu, H.K. Toft, G.M. Tveten, J. Van de Walle,D. Voulot, N. Warr, D. Weisshaar, F. Wenander, K. Wrzosek, M. Zieli«ska,Eletri quadrupole moments of the 2+

1 states in 100,102,104Cd,Phys. Rev. C80 (2009) 054302.K. Abbas, F. Simonelli, I. Cydzik, U. Holzwarth, N. Gibson,Prodution of erium radioisotopes for nanotehnology studies: experimentalmeasurements of the exitation funtions natCe(d,x)139g/141/143Ce and 142PrJournal of Labelled Compounds & Radiopharmaeutials 52 (2009) 231.



HIL Annual Report 2009 79N. Gibson, R. Del Torhio, M. Farina, F. Simonelli, I. Cydzik, U. Holzwarth, K. Abbas,Radio-ativation of TiO2 nanopartiles for use in nanotoxiology studies, andas a model substane for ativation of pharmaeutially relevant nanopartiles,Journal of Labelled Compounds & Radiopharmaeutials 52 (2009) 111.
E. De Filippo, F. Amorini, A. Anzalone, L. Auditore, V. Baran, I. Bereanu, J. Bliharska,B. Borderie, R. Bougault, M. Bruno, J. Brzyhzyk, G. Cardella, S. Cavallaro,M.B. Chaterjee, A. Chbihi, M. Colonna, M. D'Agostino, R. Dayras, M. Di Toro,U. Emanuele, J. Frankland, E. Galihet, W. Gawlikowiz, E. Gerai, F. Giustolisi,L. Grassi, A. Grzeszzuk, P. Guazzoni, D. Guinet, S. Kowalski, E. La Guidara,G. Lanzalone, G. Lanzano, N. Le Neindre, I. Lombardo, C. Maiolino, Z. Majka, A. Pagano,M. Papa, M. Petrovii, E. Piaseki, S. Pirrone, R. Pªaneta, G. Politi, A. Pop, F. Porto,M.F. Rivet, E. Rosato, F. Rizzo, P. Russotto, K. Shmidt, K. Siwek-Wilzy«ska,I. Skwira, A. Sohoka, A. Tri�ro, M. Trimarhi, G. Verde, M. Vigilante, J.P. Wielezko,J. Wilzy«ski, L. Zetta, W. Zipper,Dynamial signals in fragmentation reations: time sale determination fromthree fragments orrelations by using the 4π CHIMERA multidetetor,Ata Phys. Pol. B40 (2009) 1199.
A. Maj, F. Azaiez, D. Jenkins, Ch. Shmitt, O. Stezowski, J.P. Wielezko, D. Balabanski,P. Bednarzyk, S. Brambilla, F. Camera, D.R. Chakrabarty, M. Cheªstowska, M. Ciemaªa,S. Courtin, M. Csatlos, Z. Dombradi, O. Dorvaux, J. Dudek, M.N. Erduran,S. Ertürk, B. Fornal, S. Franhoo, G. Georgiev, J. Gulyás, S. Harissopoulos, P. Joshi,M. Kii«ska-Habior, M. Kmieik, A. Krasznahorkay, G. Anil Kumar, Suresh Kumar,M. Labihe, I. Mazumdar, K. Mazurek, W. M�zy«ski, S. Myalski, V. Nanal,P. Napiorkowski, J. Peyre, J. Pouthas, O. Roberts, M. Rousseau, J.A. Sarpai, A. Smith,I. Stefan, J. Strahan, D. Watts, M. Zi�bli«ski,The PARIS projet,Ata Phys. Pol. B40 (2009) 565.
D. Pérez-Loureiro, H. Álvarez-Pol, J. Benlliure, B. Blank, E. Casarejos, D. Dragosava,V. Föhr, M. Gasón, W. Gawlikowiz, A. Heinz, K. Helariutta, A. Keli¢, S. Luki¢,F. Montes, L. Pie«kowski, K-H. Shmidt, M. Staniou, K. Suboti¢, K. Sümmerer, J. Taieb,A. Trzi«ska,Prodution of medium-mass neutron rih nulei from fragmentation of �ssionresidues around Sn,Ata Phys. Pol. B40 (2009) 863.



80 HIL Annual Report 2009J. Van de Walle, F. Aksouh, T. Behrens, V. Bildstein, A. Blazhev, J. Cederkäll,E. Clément, T.E. Coolios, T. Davinson, P. Delahaye, J. Eberth, A. Ekström,D.V. Fedorov, V.N. Fedosseev, L.M. Fraile, S. Franhoo, R. Gernhauser, G. Georgiev,D. Habs, K. Heyde, G. Huber, M. Huyse, F. Ibrahim, O. Ivanov, J. Iwaniki, J. Jolie,O. Kester, U. Köster, T. Kröll, R. Krüken, M. Lauer, A.F. Lisetskiy, R. Lutter,B.A. Marsh, P. Mayet, O. Niedermaier, M. Pantea, R. Raabe, P. Reiter, M. Sawika,H. Sheit, G. Shrieder, D. Shwalm, M.D. Seliverstov, T. Sieber, G. Sletten, N. Smirnova,M. Stanoiu, I. Stefanesu, J.C. Thomas, J.J. Valiente-Dobon, P. Van Duppen, D. Verney,D. Voulot, N. Warr, D. Weisshaar, F. Wenander, B.H. Wolf, M. Zieli«ska,Low-energy Coulomb exitation of neutron-rih zin isotopes,Phys. Rev. C79 (2009) 014309.M. Zieli«ska, A. Görgen, E. Clément, J.-P. Delarohe, M. Girod, W. Korten, A. Bürger,W. Catford, C. Dossat, J. Iwaniki, J. Libert, J. Ljungvall, P.J. Napiorkowski, A. Obertelli,D. Pi�tak, R. Rodriguez-Guzman, G. Sletten, J. Srebrny, Ch. Theisen, K. Wrzosek,On the shape of 44Ar; onset of deformation in neutron-rih nulei near 48Ca,Phys. Rev. C80 (2009) 014317.W. Gawlikowiz,Dynamial and statistial fragment prodution in heavy-ion ollisions atintermediate energies,Ata Phys. Pol. B40 (2009) 1695.L. Bardelli, M. Bini, G. Casini, G. Pasquali, G. Poggi, S. Barlini, A. Bela,R. Berjillos, B. Borderie, R. Bougault, M. Bruno, M. Cinausero, M. D'Agostino, J. DeSantis, J.A. Duenas, P. Edelbruk, E. Gerai, F. Gramegna, A. Kordyasz, T. Kozik,VL. Kravhuk, L. Lavergne, P. Marini, A. Nannini, F. Negoita, A. Olmi, A. Ordine,S. Piantelli, E. Rauly, M.F. Rivet, E. Rosato, C. Sian, A.A. Stefanini, G. Vannini,S. Velia, M. Vigilante,In�uene of rystal-orientation e�ets on pulse-shape-based identi�ation ofheavy-ions stopped in silion detetors,Nul. Instr. Meth. A605 (2009) 353.K. Rusek,Polarization potentials due to inelasti exitations,Eur. Phys. J. A41 (2009) 399.K. Zerva, N. Patronis, A. Pakou, N. Alamanos, X. Aslanoglou, D. Filipesu,T. Glodariu, M. Kokkoris, M. La Commara, A. Lagoyannis, M. Mazzoo, N.G. Niolis,D. Pierroutsakou, M. Romoli, K. Rusek,Elasti baksattering measurements for 6Li+28Si at sub- and near-barrierenergies,Phys. Rev. C79 (2009) 017601.



HIL Annual Report 2009 81A. Trzi«ska for PS209 ollaboration,Nulear periphery studied with antiprotoni atoms,Hyper�ne Interations 194 (2009) 271.
D.3.2 Other onferene ontributionsD.A. Pi�tak, P.J. Napiorkowski, Z. Walzak, J. Wojiehowski,Appliation of geneti algorithm with real representation to COULEX dataanalysis,Prae Naukowe Politehniki Warszawskiej z.169 (2009) 155.A. Petts, P.A. Butler, T. Grahn, A. Blazhev, N. Bree, B. Bruyneel, J. Cederkäll,E. Clément, T.E. Coolios, A. Dewald, J. Eberth, L. Fraile, C. Fransen, M.B. GómezHornillos, P. T. Greenlees, A. Görgen, M. Guttormsen, K. Hady«ska, K. Helariutta,R.-D. Herzberg, M. Huyse, D.G. Jenkins, J. Jolie, P. Jones, R. Julin, S. Juutinen,S. Ketelhut, S. Knapen, T. Kröll, R. Krüken, A.C. Larsen, M. Leino, J. Ljungvall,P. Maierbek, P.L. Marley, B. Melon, P.J. Napiorkowski, M. Nyman, R. D. Page,J. Pakarinen, G. Pasovii, N. Patronis, P.J. Peura, E. Piselli, Th. Pissulla, P. Rahkila,P. Reiter, J. Sarén, M. Shek, C. Sholey, A. Semhenkov, S. Siem, I. Stefanesu, J. Sorri,J. Uusitalo, J. Van de Walle, P. Van Duppen, D. Voulot, R. Wadsworth, N. Warr,D. Weisshaar, F. Wenander, M. Zieli«ska,Lifetime measurements and Coulomb exitation of light Hg nulei,AIP Conf. Pro. 1090 (2009) 414.H. Mah, A.-M. Baluyut, D. Smith, E. Ruhowska, U. Köster, L.M. Fraile, H. Penttilä,J. Äystö, R. Boutami, H. Bradley, N. Braun, V.-V. Elomää, T. Eronen, C. Fransen,D.G. Ghita, J. Hakala, M. Hauth, A. Jokinen, J. Jolie, P. Karvonen, T. Kessler,W. Kurewiz, H. Lehmann, I.D. Moore, J. Nyberg, S. Rahaman, J. Rissanen,J. Ronkainen, P. Ronkanen, A. Saastamoinen, T. Sonoda, O. Stezkiewiz, V. Ugryumov,C. Weber,Seleted properties of nulei at the magi shell losures from the studies ofE1, M1 and E2 transition rates,AIP Conf. Pro. 1090 (2009) 502.D. Müher, J. Iwaniki, J. Jolie, I. Stefanesu, J. Van de Walle, F. Beker, U. Bergmann,A. Blazhev, E. Bouhez, P. Butler, J. Cederkäll, T. Czosnyka, T. Davinson, J. Eberth,T. Fästermann, S. Franhoo, C. Fransen, J. Gerl, R. Gernhäuser, D. Habs, R.-D. Herzberg,M. Huyse, D. Jenkins, G. Jones, O. Kester, W. Korten, J. Kownaki, T. Kröll, R. Krüken,Z. Liu, S. Mandal, P. Napiorkowski, T. Nilsson, N. Pietralla, G. Rainovski, H. Sheit,A. Sherillo, D. Shwalm, T. Sieber, Ch. Theisen, P. Van Duppen, N. Warr, D. Weisshaar,F. Wenander, B. Wolf, P. Woods, M. Zieli«ska,Shell struture and shape hanges in neutron rih krypton isotopes,AIP Conf. Pro. 1090 (2009) 587.



82 HIL Annual Report 2009G. Cardella, F. Amorini, A. Anzalone, N. Arena, L. Auditore, R. Barna, A. Benisz,I. Bereanu, M. B. Chatterjee, S. Cavallaro, E. De Filippo, U. Emanuele, W. Gawlikowiz,E. Gerai, L. Grassi, G. Giuliani, A. Grzeszzuk, P. Guazzoni, S. Kowalski, E. LaGuidara, G. Lanzalone, I. Lombardo, S. Lo Nigro, D. Loria, C. Maiolino, N.G. Niolis,A. Pagano, M. Papa, I. Paweªzak, M. Petrovii, S. Pirrone, R. Pªaneta, G. Politi, A. Pop,F. Porto, F. Previdi, M. Quinlan, F. Rizzo, E. Rosato, P. Russotto, W.U. Shroder,I. Skwira-Chalot, K. Siwek-Wilzy«ska, K. Shmidt, A. Sohoka, L. �widerski, A. Tri�ro,M. Trimarhi, J. Toke, G. Verde, M. Vigilante, J. Wilzy«ski, L. Zetta, W. Zipper,Isospin e�ets in heavy-ion ollisions: some results from CHIMERAexperiments at LNS and perspetives with radioative beams,AIP Conf. Pro. 1120 (2009) 38.D. Hittner, S. De Groot, G. Gri�ay, Arelor Mittal, G. Iaquaniello, C. Angulo, L. Ruer,L. Pie«kowski, P. Yvon,A new impetus for developing industrial proess heat appliations of HTR inEurope,Proeedings of the 4th International Topial Meeting on High Temperature ReatorTehnology Renaissane, Washington, HTR2008-58259D.3.3 Internal reportsM. Kopka, Z. Morozowiz, K. Pietrzak, K. �ab�da, P. Krysiak,Pomiary kondensatorów zasilaza gªównego ZM1,Capaitane measurements of the main power supply ZM1M. Kopka, Z. Morozowiz, K. Pietrzak, K. �ab�da, P. Krysiak,Pomiary temperatury uzwoje« kwadrupola DK 13,Temperature in the oil winding of the magneti quadrupole lens DK 13M. Kopka, Z. Morozowiz, K. Pietrzak, K. �ab�da, P. Krysiak,Pomiar rezystanji ewek i pola magnetyznego trypletu kwadrupolowegotraktu ICARE,Coil resistane and magneti �eld of the quadrupole triplet in the ICARE tratM. Kopka, Z. Morozowiz, K. Pietrzak, K. �ab�da, P. Krysiak,Pomiary elektromagnesu odhylaj¡ego M 5 traktu EAGLE,Parameters of the de�eting magnet M 5 in the EAGLE tratV. Khrabrov,Opraowanie teoretyzne stabilizowanego zasilaza pr¡du DC/DC o parametrah0-10 A, 30 VDesign study of the stabilized power supply DC/DC, 0-10 A, 30 V



HIL Annual Report 2009 83D.4 Laboratory sta�Diretors: Jerzy Jastrz�bski1, Krzysztof Rusek2Deputy diretors: Jarosªaw Choi«ski, Ludwik Pie«kowski1,Magdalena Zieli«ska3Finanial exeutive: Paweª NapiorkowskiSenior sientists:Jerzy Jastrz�bski, Jan Kownaki4, Andrzej Kordyasz, Ernest Piaseki4,Ludwik Pie«kowski, Krzysztof Rusek, Józef SuraSienti� sta� and engineers:Andrzej Bednarek, Izabela Cydzik5, Jarosªaw Choi«ski, Bohdan Filipiak,Wojieh Gawlikowiz, Dorota Hehner, J�drzej Iwaniki5, Andrzej Jakubowski,Viatheslav Khrabrov, Krzysztof Kilian, Maiej Kisieli«ski4, Marian Kopka,Mihaª Kowalzyk4, Janusz Kurzy«ski4, Ireneusz Mazur, Jan Miszzak,Paweª Napiorkowski, Marin Palaz, Anna P�kal4, Daniel Pi�tak4, Mateusz Sobolewski,Olga Stezkiewiz, Anna Stolarz, Julian Srebrny4, Roman Ta«zyk,Radosªaw Tarnowski, Agnieszka Trzi«ska, Jan Tys4, Marzena Woli«ska-Cihoka,Magdalena Zieli«skaDotoral andidates:Jan Mierzejewski6, Katarzyna Wrzosek-Lipska6, Katarzyna Hady«ska-Kl�k6,Grzegorz Jaworski7Tehniians:Mariusz Antzak, Tomasz Braha, Marek Figat, Andrzej Góreki, Piotr Jasi«ski,Wiesªaw Kalisiewiz, Zbigniew Kruszy«ski, Piotr Krysiak, Krzysztof �ab�da-Dyszy,Zygmunt Morozowiz, Bogusªaw Paprzyki, Wiesªaw Perkowski4, Andrzej Pietrzak,Krzysztof Pietrzak, Ryszard Pozorek, Irena Skrzezanowska, Krzysztof SosnowskiAdministration and support:Edyta Czerwonka8, Agnieszka Maiejewska, Iwona Tomaszewska, Ewa Soba«ska,Krystyna Szzepaniak, Joanna Wasilewska, Wanda Wesoªy, Andrzej Wiehowski1till 28 February 20092from 1 Marh 20093from 1 Otober 20094part time5on long term leave6PhD student at the Institute of Experimental Physis, University of Warsaw7PhD student at the Faulty of Physis, Warsaw University of Tehnology8part time, till 31 January 2009



84 HIL Annual Report 2009D.5 Laboratory Counil1. Prof. U� 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. Anna GrabowskaThe Nenki Institute of ExperimentalBiology02-093 Warszawa, ul. Pasteura 35. Prof. dr hab. in». Jaek JagielskiInstitute of Eletroni Materialsand Tehnology01-919 Warszawa, ul. Wólzy«ska 1336. Prof. dr hab. Jerzy Jastrz�bskiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A7. Prof. dr hab. Marta Kii«ska-HabiorUniversity of Warsaw00-681 Warszawa, ul. Ho»a 698. in». Marian Kopka(representative of the HIL sta�)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A9. Prof. dr hab. Paweª KuleszaFaulty of Chemistry,University of Warsaw02-093 Warszawa, ul. Pasteura 110. Prof. PW dr hab. in». Tadeusz KulikWarsaw University of Tehnology00-661 Warszawa, pl. Politehniki 111. Prof. dr hab. Adam MajThe Henryk Niewodniza«skiInstitute of Nulear Physis,Polish Aademy of Sienes31-342 Kraków, ul. Radzikowskiego 152

12. Dr hab. Sªawomir NazarewskiMedial University of Warsaw02-091 Warszawa, ul. �wirki i Wigury 6113. Prof. dr hab. Paweª OlkoThe Henryk Niewodniza«skiInstitute of Nulear Physis,Polish Aademy of Sienes31-342 Kraków, ul. Radzikowskiego 15214. Prof. UW dr hab. Marek PfutznerFaulty of Physis, University of Warsaw00-681 Warszawa, ul. Ho»a 6915. Prof. dr hab. Ernest PiasekiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A16. Dr hab. Ludwik Pie«kowski(Chairman of the Counil)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A17. Prof. dr hab. Krzysztof PomorskiMaria Curie-Skªodowska University20-031 Lublin, ul. Radziszewskiego 1018. Prof. dr hab. Krzysztof Rusek(Diretor of HIL)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A19. Prof. dr hab. Teresa Rz¡a-UrbanFaulty of Physis, University of Warsaw00-681 Warszawa, ul. Ho»a 6920. Prof. dr hab. Adam SobizewskiThe Andrzej Soªtan Institutefor Nulear Studies00-681 Warszawa, ul. Ho»a 6921. Prof. dr hab. Henryk SzymzakInstitute of Physis,Polish Aademy of Sienes02-668 Warszawa, Al. Lotników 32/4622. Prof. dr hab. Grzegorz WrohnaThe Andrzej Soªtan Institutefor Nulear Studies05-400 �wierk k/Warszawy23. Prof. dr hab. Wiktor ZipperA. Cheªkowski Institute of PhysisUniversity of Silesia40-007 Katowie, ul. Uniwersyteka 4



HIL Annual Report 2009 85D.6 Program Advisory CommitteePAC members (until 8 Deember 2009)
• Brunon Sikora, Chairman (Faulty of Physis, University of Warsaw)
• Bogdan Fornal (Henryk Niewodniza«ski Institute of Nulear Physis, PolishAademy of Sienes, Kraków)
• Jerzy Jastrz�bski (HIL, University of Warsaw)
• Reinhard Kulessa (Marian Smoluhowski Institute of Physis, JagiellonianUniversity, Kraków)
• Andrzej Marinkowski (The A. Soªtan Institute for Nulear Studies,Warszawa/�wierk)
• Adam Sobizewski (The A. Soªtan Institute for Nulear Studies,Warszawa/�wierk)
• Wªadysªaw Trzaska (University of Jyväskylä, Finland)
• Andrzej Turos (The A. Soªtan Institute for Nulear Studies, Warszawa/�wierk;Institute of Eletroni Materials Tehnology, Warszawa)
• Teresa Rz¡a-Urban (Faulty of Physis, University of Warsaw)
• Jan �yliz (Faulty of Physis, University of Warsaw)PAC members (sine 8 Deember 2009)
• Dimiter Balabanski (University of So�a, Bulgaria)
• Konrad Czerski (Institute of Physis, University of Szzein; Physis Department,Tehnial University of Berlin)
• 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 (The A. Soªtan Institute 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 Program Advisory Committee of the Heavy Ion Laboratory meetsusually twie a year, in spring and in autumn. Deadline for submitting proposals isthree weeks before a PAC meeting. Due to a large baklog of approved experiments,there was no PAC meetings in 2009. PAC approved experiments are sheduled at themeetings of the Users' Committee, whih is also serving as a link between the ylotronusers and the Laboratory. The Users' Committee is haired by Julian Srebrny (HIL UW).



86 HIL Annual Report 2009D.7 Laboratory GuestsPartiipants of HIL experiments from outside-Warsaw laboratoriesM. Adamzyk Jagiellonian University, Kraków, PolandD. Bana± Holyross Caner Centre, Kiele, PolandJ. Braziewiz Jan Kohanowski University, Kiele, PolandM. Ciemaªa The H. Niewodniza«ski Institute of Nulear Physis, Polish Aademyof Sienes, Kraków, PolandE. Clément GANIL, Caen, FraneJ. Czub Jan Kohanowski University, Kiele, PolandA. Dijon GANIL, Caen, FraneA.K. Gourishetty The H. Niewodniza«ski Institute of Nulear Physis, Polish Aademyof Sienes, Kraków, PolandM. Kasztelan The Andrzej Soªtan Institute for Nulear Studies, �ód¹, PolandS. Kisyov University of So�a, BulgariaS. Klizewski The H. Niewodniza«ski Institute of Nulear Physis, Polish Aademyof Sienes, Kraków, PolandM. Kmieik The H. Niewodniza«ski Institute of Nulear Physis, Polish Aademyof Sienes, Kraków, PolandE. Koshhiy Kharkiv University, UkraineS. Lalkovski University of So�a, BulgariaJ. Perkowski University of �ód¹, PolandA. Piórkowska University of Silesia, Katowie, PolandB. Roussière Institut de Physique Nuléaire, Orsay, FraneR. Siudak The H. Niewodniza«ski Institute of Nulear Physis, Polish Aademyof Sienes, Kraków, PolandZ. Sosin Jagiellonian University, Kraków, PolandA. Staudt University of Silesia, Katowie, PolandP. Sza�ik University of Silesia, Katowie, PolandA. Wieloh Jagiellonian University, Kraków, PolandA. Wilzek University of Silesia, Katowie, PolandOther short-time visitorsV. Buzmakov Joint Insitute for Nulear Researh, Dubna, RussiaG. de Frane GANIL, Caen, FraneI. Ivanenko Joint Insitute for Nulear Researh, Dubna, RussiaI. Martel University of Huelva, SpainA. Pakou University of Ioannina, GreeeLong-time visitorsS. Kisyov University of So�a, Bulgaria (5 months)


