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HIL Annual Report 2010 5IntrodutionThis year was a year of hope for hange. We attempted to beome one of the laboratoriesof the �Road Map of National Researh Infrastruture� of the Ministry of Siene andHigher Eduation (MNiSW) of Poland. At the beginning of the year we were informed bythe MNiSW that we had passed the �rst seletion with the suggestion that we prepare,as the next step, a joint projet with the H. Niewodniza«ski Institute of Nulear Physisof the Polish Aademy of Siene (IFJ) in Craow. On the 21st of April the Retor ofthe University of Warsaw and the diretor of IFJ reated the onsortium �National Cy-lotron Laboratory�, signing an agreement between our two institutions. In this way thetwo largest nulear physis institutes in Poland, with two operating ylotrons (a protonylotron in Craow and the heavy-ion ylotron in Warsaw) and two others beomingoperational within the next two years, united their e�orts and prepared a ommon projetdevoted to fundamental researh in nulear physis and its medial appliations. Unfor-tunately, our projet was not seleted for the �Road Map� � a deision of the MNiSWinomprehensible to us. Sine suh a doument must be regularly updated we will ontinueour e�orts to �nd a plae on the national �Road Map�.Despite our lak of suess in our own ountry, on the European level our laboratorywas reognised by the Nulear Physis European Collaboration Committee (NuPECC).This important international body released in Deember the �NuPECC Long Range Plan2010, Perspetives of Nulear Physis in Europe�. Our laboratory is listed among otherEuropean small sale failities with the reommendation � �These national and otheruniversity based failities are needed for spei� experimental programmes, developmentand testing of new instruments and to provide eduation of next-generation researhersfrom university groups�.It was not an easy year for experimentalists. In the spring the new SupernanoganECR ion soure was installed and during the installation period beam from the ylotronwas not available for users. The soure was ommissioned in May but its oupling withthe ylotron requires some additional hanges to the ylotron injetion system. Thesewill be introdued in summer 2011 and aelerated beams from the new soure should beavailable for experiments in the seond half of 2011.Due to the installation of the new soure, the spring experimental ampaign waslimited to a few weeks in June and the beginning of July. Nevertheless, we would like towelome new users � a group of physiists from the University of Ioannina, Greee, ledby Prof. Athena Pakou and an international team led by Dr. Marus Shek.In September, onstrution work on new buildings for the Faulties of Physis, Biologyand Chemistry started in earnest in the immediate neighbourhood of our laboratory. Thisaused many unexpeted uts in the power and water supplies and, in addition, some�ooding in the basement of our building. We were therefore fored to limit our ativityand postpone a series of planned experiments to the �rst half of 2011.Fortunately, in Otober we were still able to run some simple experiments for the 6thedition of the Polish Workshop on Aeleration and Appliations of Heavy Ions, a oneweek event for undergraduate students from Polish universities. From 2011 onwards, thisativity will be extended � we will organise an annual two-week workshop for studentsfrom abroad within the framework of the Erasmus � LLP Intensive Programme. Thisinitiative has reeived the neessary funding from the Polish National Ageny of Erasmus� the Foundation for the Development of the Eduational System Lifelong Learning



6 HIL Annual Report 2010Programme. The workshop will be organised jointly with the University of So�a, Bulgaria,and the University of Huelva, Spain.It does not happen every year so I would like to mention that the Heavy Ion Laboratoryo-organised an international onferene, the 17th Nulear Physis Workshop �Marie &Pierre Curie�. The general subjet was �Symmetry and symmetry breaking in nulearphysis�. The onferene took plae in Kazimierz Dolny, from 22nd till 26th of Septemberand attrated about seventy sientists from various ountries.Our PhD students are among the best at the University of Warsaw. KatarzynaHady«ska-Kl�k was awarded a prestigious researh sholarship funded by the EuropeanSoial Fund in the framework of the Human Capital Programme.The greatest news ame at the end of the year � our projet �Purhase and installationof two HF generators for the Warsaw U-200P ylotron� obtained full funding from theMNiSW. Thus, by the end of 2013 we should have exhanged our very old and wornout generators by new ones. After almost twenty years of onstant ativity this messagebrings a new lease of life to our laboratory. Prof. Krzysztof Rusek, Diretor of HIL
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HIL Annual Report 2010 9A.1 General informationK. Rusek, J. Choi«ski, M. Zieli«skaHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandHeavy Ion Laboratory (HIL) is a part of the University of Warsaw, the largest universityin Poland. HIL was founded jointly by Ministry of Eduation, Polish Aademy of Si-enes and Polish Atomi Energy Ageny. It is the largest experimental nulear physislaboratory in the ountry, equipped with a K=160 heavy-ion ylotron, unique not onlyin Poland, but also in Central Europe.The �rst beam was extrated in 1993 and sine that time HIL is an e�etive �userfaility�, serving up to the present time over 350 sientists from Poland and abroad andbeoming a reognised element of the European Researh Area. Beam time is alloatedby the Diretor based on the reommendation of the international Programme AdvisoryCommittee (see Se. D.8). The only riteria are the sienti� merit of the projet and itstehnial feasibility. The researh programme (see Part B) is mostly foused on nulearand atomi physis, but also materials siene, biologial and appliation studies play animportant role and a signi�ant amount of the beam time is alloated for these purposes.Experimental teams may take advantage of permanent set-ups installed on the beamlines or use their own dediated equipment. Available apparatus inludes IGISOL � aSandinavian type on-line separator, CUDAC � a PIN-diode array partile detetionsystem, JANOSIK � a multidetetor system onsisting of a large NaI(Tl) rystal withpassive and ative shields and 32-element multipliity �lter and ICARE, harged partilesdetetor system used for their identi�ation and energy measurements, moved to HIL fromIReS Strasbourg. The most reent experimental tool, still being developed and improved,is the EAGLE array (Se. A.10) � a multidetetor γ-ray spetrometer, whih an be easilyoupled to anillary detetors like an internal onversion eletron spetrometer, a hargedpartile 4 π multipliity �lter (Si-ball), a sattering hamber equipped with 100 PIN-diodedetetors, a 60-element BaF2 gamma-ray multipliity �lter, a setored HPGe polarimeterand a plunger.HIL is urrently in a transition period and will shortly beome an aelerator entre,operating two ylotrons (Se. A.3). Installation of a ommerial proton-deuteron y-lotron (Ep = 16.5 MeV) is under way in the HIL building. This aelerator will be usedfor the prodution of and researh on radiopharmaeutials for the Positron EmissionTomography (PET). Prodution of long-lived radiopharmaeutials for other medial andlife-siene appliations is also foreseen.



10 HIL Annual Report 2010A.2 Operation and improvement of the ylotron in 2010J. Choi«ski, A. Bednarek, P. Gmaj, W. Kalisiewiz, M. Kopka, B. Paprzyki,O. Stezkiewiz, J. SuraHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandAltogether 1598 hours of beam were suessfully delivered to di�erent experimentsover the 2010 year. The total beam on target time was lower ompared to previous years.There are several reasons of suh situation and they are mentioned below. Fig. 1 showsthe usage of ylotron beams over the last eleven years and Fig. 2 presents distributionof the beam time per month in 2010.

Figure 1: Total ylotron beam time in years 2000�2010.One of the reasons of di�ulties in the daily operation of the ylotron was the ageingvauum system � this problem was already mentioned in the HIL Annual Report 2010.Unfortunately, our attempts to aquire funds for the modernisation of this system werenot suessful so far. A new grant appliation will be submitted in 2011.The spring break in the operation of the ylotron (April�May) was mostly due tothe installation of the new Supernanogan ECR ion soure and its horizontal beam line,whih were ommissioned in May. The beam line between new ECR ion soure and theylotron injetor was also provided by Pantehnik, in addition to the ECR ion soure.Sine the line performane was not satisfatory, several investigations were arried outto improve its e�ieny. It turned out that the in�uene of the ylotron stray fringemagneti �eld on the magneti omponents of the line (bending magnets) aused almostutter beam loss. Three additional steerers were added and put into operation, whihimproved performane of the line dramatially. Further improvements of the line trans-mission are planned for 2011. The new ECR ion soure requires also some hanges inthe injetion system (in�etor, ylotron entral geometry). Therefore, a new mirror in-�etor, optimised for the injetion voltage of the new ECR soure, was designed. The
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Figure 2: Beam time distribution (hours) in 2010 per monthoptimisation alulations were performed using the Mathad software. The new in�etorwill be installed in summer 2011.After the traditional summer break in August, the Laboratory su�ered from the distur-banes aused by the onstrution of two new university buildings in our nearest neigh-bourhood. These works fored rebuilding of the systems supplying to the laboratoryeletriity, water, as well as of the sewage systems. The entral heating system and a fewother infrastruture servies of the Ohota Campus were also a�eted. For this reasonthe management of HIL deided to strongly limit the experimental ativity in autumn �only few experiments were run.Diversity of the experiments performed in 2010 is presented in Fig. 3. As in previousyears, the main topis of the experiments are related to nulear physis researh. A fairshare of the beam time was also alloated to other researh domains: the program ofradio-biologial studies using heavy ion beams was ontinued, and traditionally a weekof beam time was alloated to a student workshop. The mahine tests and developmentalso used a signi�ant part of the beam time. In all the experiments, the involvementof young researhers, graduate and undergraduate students is traditionally large, whihis illustrated in Fig. 4. Detailed desription of the experimental set-ups available at HILan be found in the laboratory web page www.slj.uw.edu.pl.A list of the experiments performed in 2010 is presented in Table 1. The followingaronyms of the institution names are used in the table:
• AMU Pozna« �- Adam Mikiewiz University, Pozna«
• IB JKU Kiele � Institute of Biology, Jan Kohanowski University, Kiele
• HU Cambridge � Harvard University, Cambridge, USA
• HCC, Kiele � Holyross Caner Centre, Kiele
• IEP UW � Institute of Experimental Physis, University of Warsaw, Warsaw
• INP Kraków � The Henryk Niewodniza«ski Institute of Nulear Physis, PolishAademy of Sienes, Kraków
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Figure 3: Distribution of beam-time (in hours) among di�erent experiments

Figure 4: Users of the Warsaw ylotron beams in 2009
• IPN Orsay � Institut de Physique Nuléaire, Orsay, Frane
• SINS �ód¹ � The Andrzej Soªtan Institute for Nulear Studies, �ód¹
• SINS �wierk � The Andrzej Soªtan Institute for Nulear Studies, �wierk
• MCSU Lublin � Maria Curie-Skªodowska University, Lublin
• NU Kharkiv � National University, Kharkiv, Ukraine
• NCU Toru« � Niolaus Copernius University, Toru«
• UI Ioannina � University of Ioannina, Greee
• UL Liverpool � University of Liverpool, Liverpool, UK
• US Katowie � University of Silesia, Katowie
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Table 1: Experiments performed in 2010Dates IonEnergy Experiment Leadinginstitution Collaborating institutions11.01�15.01 14N+3 Test of theupgradedinjetionbeam line HIL18.01�21.01 18O+4100 MeV IGISOL IEP UW HIL, SINS �wierk, SINS �ód¹,US Katowie, IPN Orsay25.01�05.02 20Ne+5150 MeV EAGLE HIL IEP UW, SINS �wierk08.02�19.02 20Ne+350 MeV CUDAC HIL SINS �wierk, NU Kharkiv,US Katowie, INP Kraków22.02�26.02 12C+350 MeV EAGLE SINS �ód¹ HIL, SINS �wierk, SINS �ód¹,IEP UW01.03�03.03 12C+350 MeV Biology IEP UW,IB JKUKiele HIL, HCC Kiele, SINS �wierk,NCU Toru«10.03�19.03 20Ne+390 MeV EAGLE UL Liver-pool HIL, Univ. of Yale, Univ. of Ken-tuky, TRIUMF, IEP UW, SINS�wierk21.06�25.06 20Ne+355 MeV CUDAC HIL SINS �wierk, NU Kharkiv, USKatowie, INP Kraków28.06� 29.06 12C+350 MeV Biology IEP UW,IB JKUKiele HIL, HCC Kiele, SINS �wierk,NCU Toru«05.07�11.07 20Ne+354 MeV EAGLE HIL IEP UW, SINS �wierk, HarvardUniv.12.07� 13.07 20Ne+354 MeV ICARE UI Ioan-nina HIL, IEP UW, SINS �wierk14.07�29.07 16O+4 Test of thenew ionsoure and ofthe injetionbeam line HIL

25.10� 28.10 20Ne+354 MeV Studentworkshop HIL05.11�17.12 16O+4 Test of thenew ionsoure and ofthe injetionbeam line HIL



14 HIL Annual Report 2010A.3 The Warsaw PET Projet � Radiopharmaeutials Produ-tion and Researh Centre at HILJ. Choi«ski, J. Jastrz�bski, K. Kilian, I. Mazur, P.J. Napiorkowski, A. P�kal,D. SzzepaniakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandInformation on the Warsaw Consortium for PET Collaboration (WCPC), the War-saw PET Projet and its Radiopharmaeutials Prodution and Researh Centre (RPRC)has been already presented in previous HIL Annual Reports [1℄ and is available on theprojet Web page [2℄. In these ommuniations, the problems enountered by the mainContrator (GE Medial Systems) with his Subontrator (Blok Zalup) were mentionedand the aumulated delays explained. In February 2010 the ontrat with the unreliablesubontrator was suessfully terminated by GE and a new building onstrution om-pany (M+W Proess Industries) was introdued on the onstrution site. However, thelegal negotiations between the Main Contrator and the new onstrution subontratorlasted many months and the new ontrat was signed only on 8 August 2010. In parallel, ameeting of Projet 4016/18 Parties was prepared and organised in the IAEA headquartersin Vienna on 19 Otober 2010. By a ommon agreement it was deided that the buildingonstrution ontrat between GE and University of Warsaw will be extended to allowthe full ompletion of other ontrat terms. Finally, on 27 Otober 2010 the new timetable was presented to the Investor and Annex I to the onstrution ontrat was signedbetween GE Medial System and University of Warsaw. In this doument the new datefor the full exeution of the building adaptation works was �xed as 22 September 2011.The Fatory Aeptane Test (FAT) of the PETtrae ylotron unit was arried outin Uppsala in presene of a University of Warsaw representative on 14�15 Deember 2010.The unit is shown in Fig. 1. Presently the building adaptation works are in progress andit is hoped that the ompletion date will be not muh di�erent from the one indiated indoument mentioned above.Bibliography[1℄ J. Jastrz�bski et al., HIL Annual Report 2006, page 42J. Choi«ski et al., HIL Annual Report 2007, page 14J. Jastrz�bski et al., HIL Annual Report 2008, page 15J. Choi«ski et al., HIL Annual Report 2009, page 14[2℄ http://www.slj.uw.edu.pl/PET
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Figure 1: The PETtrae unit for the Warsaw Radiopharmaeutials Prodution and Re-searh Centre during the Fatory Aeptane Tests in Uppsala.



16 HIL Annual Report 2010A.4 Nulear CogenerationL. Pie«kowski1 ,21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) AGH University of Siene and Tehnology, Kraków, PolandNulear Cogeneration refers to the simultaneous prodution of useful thermal energyand eletrial energy using nulear reator as a heat soure. A typial modern water-ooled reator produes heat at a relatively low temperature, slightly in exess of 300◦C.This limits the possibility of using nulear reators, whih are available today, for eletri-ity generation and low-temperature appliations, for example as a heat soure for distritheating systems. High Temperature Reators (HTR) are a new, but mature enough teh-nology that an open in a near future (10 - 15 years) possibilities to provide proess heatfor many industrial proesses. The market for industrial proess heat today is at leastof the same size as the eletriity market, whih is almost entirely based on ombustionof fossil. New, emission-free heat soure not only will redue CO2 emissions as well asonsumption of natural gas and rude oil in re�neries or fertiliser plants, but also willopen an option of the hemial oal proessing with strongly limited CO2 emission, whatis referred to as a nulear-oal synergy. The formation proedure of the European nulearogeneration industrial alliane, being a next step after EUROPAIRS program, was underway in 2010. This alliane will onsist of partners that use proess heat, ompanies thatan o�er HTR tehnology and engineering ompanies supported by sienti� institutions.Additionally, during last year the onsortium Gen4Syn was formed in Poland to providea omplex start-up program in the �eld of nulear ogeneration. Our Laboratory ollab-orates with the AGH University of Siene and Tehnology in Kraków, whih is a leaderin both �elds.



HIL Annual Report 2010 17A.5 New ECR ion soure and injetion lineO. Stezkiewiz, J. Choi«ski, M. Woli«ska-Cihoka, J. Jastrz�bski, P. Napiorkowski,L. Pie«kowski, A. Góreki, A. Jakubowski, A. Pietrzak, M. Kopka, A. Bednarek,J. Miszzak, B. Filipiak, R. Ta«zykHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandIn Otober 2008 the seond ontrat between Heavy Ion Laboratory University ofWarsaw and PANTECHNIK S.A., onerning the purhase of elements of the SUPER-NANOGAN ECR ion soure and the whole horizontal injetion line, was signed. InDeember 2009 �rst elements of the injetion line arrived to Warsaw. The new analysingmagnet, three quadrupole magnets and the diagnosti hamber were installed, at thisstage without abling. In the beginning of Marh 2010 the Fatory Aeptane Tests(FAT) of the ECR soure were arried out in Frane. The soure passed all the testswith positive results. In the end of Marh 2010 the laking elements of the injetion lineand the omplete ECR ion soure were delivered to HIL. In-site installation of all theequipment, followed by the ommissioning and training, were aomplished by the endof April 2010. During the Site Aeptane Tests (SAT) urrent, stability and emittaneof oxygen, argon, tantalum and lead beams were measured. The new ion soure with itshorizontal part of injetion line is shown in Figs. 1 and 2. Table 1 lists the guaranteedintensities of the ions produed by the soure.

Figure 1: New ECR ion soure with its shielding
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Figure 2: New ECR ion soure with the the horizontal part of injetion lineion/harge +1 +2 +4 +6 +8 +9 +11 +14 +20stateH2 2000He 2000 1000C 500 350 200 3N 1000 300 100 10O 1000 400 300 200Ne 1000 300 200 160 25Ar 1000 350 250 200 200 90 30 1Kr 1000 25 15Ag 250 250 200 90 30 4Xe 500 220 3ion/harge +20 +25 +26 +27 +30 +31 +32stateTa 4 0.8Au 10 6 1 0.7 0.2Pb 10 5 3 1 1 0.7 0.2Table 1: Guaranteed intensities of the ions produed by the new ECR soure (in µA).



HIL Annual Report 2010 19A.6 Design of a new hardware for the ylotron ontrol systemJ. Miszzak, Z. Kruszy«skiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandAn overview of the ontrol system for the Warsaw Cylotron was given in a HIL AnnualReport 7 years ago [1℄. Sine then only minor modi�ations have been done to the system.However, during this period the PC hardware evolved a lot. Besides faster, multi-oreproessors, a new interonnet bus � PCI-Express � was introdued and quikly gainedwidespread support. At the same time support for the ISA bus was ompletely droppedo� from PC motherboards.Sine almost all of the interfae boards used by the HIL ontrol system are ISA based,transition to the new standard had to be initiated, to assure reliability of the systemin future. As a stopgap measure we stashed a few older omputers, but otherwise inperfet working ondition, equipped with ISA motherboards. Then we started looking forreplaement interfae boards. We disovered that digital-to-analog (D/A) and analog-to-digital (A/D) onverter PCI or PCI-EXPRESS based boards are plentiful (albeit muhmore expensive than their ISA ounterparts). It was also realised that multi port RS-232 boards are no longer available. As there are at least two dozens high urrent powersupplies in use at the Warsaw Cylotron that are ontrolled via RS-232, this indiated animminent trouble. The ustom in-house built ISA boards should also be replaed.There are integrated iruits (IC) on the market that simplify designing and buildingustom PCI interfae boards (like PLX 9050), but they tend to be expensive in singlequantities. Therefore we deided to buy some digital input/output PCI boards and usetheir I/O signals as a seondary bus under software ontrol from the omputer host.Custom designed and built D/A, A/D timer and other interfae boards onnet to theseondary bus. The ustom interfae boards turned out to be signi�antly heaper thaninterfae board available on the market, sine the ustom boards do not have unneededfeatures of ommerial boards. So far only the hardware part of the problem was ad-dressed, the ontrol software will also have to be hanged. The work will ontinue in 2011and very likely in 2012.Bibliography[1℄ J. Miszzak, J. Choi«ski, HIL Annual Report 2004, page 10



20 HIL Annual Report 2010A.7 Modi�ations of the bunherM. Sobolewski, J. MiszzakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe sinusoidal bunher at the Warsaw Cylotron was ommissioned in 2001 [2℄. Thebunher o�ers up to 3 times inrease of the ion urrent available at the target (omparedto the bunher swithed o�), and performs �awlessly sine 2001. The installation of thenew ECR soure [1℄ at HIL made it neessary to inrease the voltage at the bunhereletrodes by about 20% due to higher energy of ions produed by the new soure.The existing bunher design was suessfully modi�ed to allow bunhing of ions fromboth the new and the old ECR soures. Roughly at the same time researhers at HILexpressed interest in heaving beams of ions in whih only every N-th pulse is presentrelative to ylotron RF frequeny. A iruit in whih the N number an be set toarbitrary value is di�ult to build, but a sinusoidal bunher an be made to performthis type of work if N=2. A bunher just needs to be driven with half of a ylotron RFfrequeny. Therefore not only the eletrode voltage was inreased, but also a 1:2 frequenydivider was added to the bunher (and the swith to turn it on or o�). The new modeof operation also requires a new set of bunhing eletrodes, and their installation is timeonsuming, so only preliminary tests were performed. The amplitudes of �unwanted�pulses were suppressed by about 20dB .Bibliography[1℄ O. Stezkiewiz et al., this Report, page 17[2℄ J. Sura et al., HIL Annual Report 2001, page 13



HIL Annual Report 2010 21A.8 X-ray spetrum measurements of the HIL ylotron deevoltageA. Bednarek, J. Kownaki, J. Sura, T. Braha, W. Kalisiewiz, Z. Morozowiz,B. Paprzyki, K. SosnowskiHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandDiret measurements of the peak RF voltage on the ylotron dees are di�ult, as theeletri ontats of probes and their insulators hange due to the sputtering e�et, and thisa�ets the voltage measured with a voltmeter. As an alternative, one an dedue the peakvalue of the dee voltage from the maximum energy of X-rays generated by the stoppingof �eld emitted eletrons, aelerated in the RF eletri �eld between the eletrodes [1,2℄.The X-ray energy spetrum is ontinuous and dereases with inreasing photon energy,reahing zero at the energy of the eletrons generating the X-rays. The measurement ofthe eletron energy is therefore made by measuring the X-ray spetrum and loating itsend-point energy.For the X-ray spetrum measurements of the dee voltage a proportional ounter �lledwith Xe/CH4 gas mixture was used. The energy alibration of the detetor was performedusing a 241Am radioative soure. The measurement time depended on the applied RFvoltage: at lower voltages it was neessary to measure for a longer time to aquire theneessary statistis. A bakground spetrum (without RF voltage) was also measured,showing a very low level of X-ray radiation.The measurements were performed for eah dee independently, at three values of theRF frequeny whih are most important for the daily operation of the HIL ylotron:12.51, 15.0 and 17.335 MHz. The examples of spetra obtained for various RF voltages at15.0 MHz frequeny are illustrated in Fig. 1. The X-ray measured and voltmeter voltagesare ompared in Table 1. A good agreement is observed for dee A, while for dee B, theRF voltage measured by the X-ray spetrum method dramatially di�ers (by 10-15 kV)from the value of the voltmeter voltage.Bibliography[1℄ J. Sura et al., Report LNS, Catania, Marh 1995[2℄ Q.W. Zheng et al., Proeedings of the 2-nd Asian Partile Conferene, China, 2001
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frequeny dee voltmeter voltage X-ray measured voltage(MHz) (kV) (kV)12.51 B 60 45B 66 51B 77 60A 66 6615.0 A 60 56A 66 65B 60 49B 66 52B 72 6217.33 A 60 60B 66 54Table 1: Peak voltage of the dees measured using X-ray spetrum method ompared withvoltage measured using a voltmeter.

15 25 35 45 55 65
X-ray energy  (keV)

2

6

10

14

18

22

26

C
ou

nt
s 

pe
r 

C
ha

nn
el

 (
10

3 )

0.1

0.3

0.1

0.5

0.9

0.1

0.3

0.5

0.7

13
.9 17

.8

26
.3

59
.5

RF cavity A voltage 60 kV

58 keV

59
.5

65 keV

RF cavity A voltage 66 kV

241Am energy calibration

10 30 50 70 90
X-ray energy  (keV)

0.1

C
ou

nt
s 

pe
r 

C
ha

nn
el

 (
10

3 )

0.1

0.1

0.3

0.5 RF cavity B voltage 72 kV

RF cavity B voltage 66 kV

RF cavity B voltage 60 kV

49 keV

52 keV

62 keV

Figure 1: X-ray spetra for the two RF-avities for three di�erent voltmeter voltages (60,66 and 72 kV) and the 15 MHz RF frequeny. The 241Am X-ray alibration spetrum isalso shown. The measured voltages are marked in the plots.



HIL Annual Report 2010 23A.9 Ativity report of the eletrial support groupM. Kopka, W. Kozazka, P. Krysiak, K. �ab�da-Dyszy, Z. Morozowiz, K. PietrzakHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe eletrial support group in 2010 designed and implemented several projets:1. Commissioning of the Dan�sik DC power supply provided by the Soªtan Institutefor Nulear Studies. Connetion of the devie to the RCA swith board, installationof the ooling system and high-urrent abling between the power supply and theswith for de�eting magnets.2. Preparation of the doumentation neessary for the realisation of reserve onnetionsto the main swithboards (published as an internal report).3. Contribution to the onstrution of the EAGLE stand.4. Design, onstrution and installation of two steering eletromagnets at the beam-line between the new ECR ion soure and the T magnet. Detailed desription ofthis ativity was published as an internal report.5. Constrution of a mehanial ventilation system neessary to provide proper workingonditions at the ompressor ave (room 041). Works were desribed in an internalreport.6. Installation of abling between the main earth eletrode and the ZK 2 and ZK 3monitoring onnetions.7. Preparation of the doumentation of additional earth eletrodes of the HIL buildinginstalled in 2009 (published as an internal report).8. Installation of a provisional power line for four fans in the ooling towers.The following routine measurements and maintenane proedures were performed:1. Measurements and maintenane of the eletri power system and the eletrial in-stallation, inluding lighting inside and outside the HIL building.2. Measurements and maintenane of power supplies, eletromagnets and wiring of thelaboratory equipment.3. Measurements of the parameters of the eletri power system of high frequenygenerators. Results were published as an internal report.The above mentioned internal reports are listed in Se. D.4.3.In addition, �ve members of the eletrial support group performed regular ylotronoperator duties aording to the experimental shedule and partiipated in the sienepopularisation and teahing ativities at HIL (guided tours of the faility, Polish Workshopof Aeleration and Appliations of Heavy Ions, Festival of Siene).



24 HIL Annual Report 2010A.10 Central European Array for Gamma Level Evaluation(EAGLE) in-beam of the Warsaw Cylotron at HIL UW �status reportJ. Mierzejewski1 ,2 , H. Mierzejewski3 , T. Abraham1 , A. Jakubowski1 , A. Pietrzak1 ,J. Srebrny1 , M. Komorowska1 ,2 , J. Kownaki1 , M. Kowalzyk1 , M. Kisieli«ski1 ,W. Perkowski1 , A. Kordyasz1 , J. Andrzejewski1 , J. Perkowski4 , A. Stolarz1 ,E. Grodner1 , Ch. Droste1 , M. Zieli«ska1 , P. Napiorkowski1 , K. Wrzosek-Lipska1 ,2 ,K. Hady«ska-Kl�k1 ,21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland3) Faulty of Prodution Engineering, Warsaw University of Tehnology, Warszawa, Poland4) Faulty of Physis and Applied Informatis, University of Lodz, �ód¹, PolandThe EAGLE array (entral European Array for Gamma Level Evaluations) is designedas a multi-on�guration detetor setup adjustable to the needs of several researh groups,dealing with di�erent branhes of nulear physis, gathered around the Heavy Ion Labo-ratory, University of Warsaw. In the present on�guration (EAGLE Phase I) the array isequipped with 12 anti-Compton shielded HPGe detetors (see Fig. 1) 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℄.The present EAGLE equipment will be soon omplemented by 20 Euroball Phase-IHPGe detetors loaned by the European GammaPool. The arrival of detetors is shed-uled for June 2011, and �rst experiments with the full EAGLE Phase-II array are plannedfor autumn 2011.To fully bene�t from the new on�guration of the array, upgrades of the data a-quisition and LN2 �lling systems were neessary. These works are progressing thanksto signi�ant funding (about 800 kEUR) from the Polish Ministry of Siene and HigherEduation that was obtained by the EAGLE ollaboration at the end of 2009 as a supportfor the researh projet �Nulear symmetries and their spontaneous breaking � in-beamexperiments at the HIL ylotron� (years 2010�2012).The onstrution of the new LN2 ooling system was started in 2010. The existingouter tank of 10 m3 volume has been renovated and a vauum line of about 50 m lengthonneting it with the EAGLE manifolds was designed, as well as the ontrol system forLN2 auto �lling. The onstrution was ompleted in Marh 2011 (see Ref. [4℄).In 2010 two test COULEX measurements were performed using EAGLE I equippedwith 12 Ge detetors and 30 P-i-N Si diodes: 94Zr and 104Pd were Coulomb exited bythe 20Ne beam. In these experiment, a ompat sattering hamber, redesigned reently,was demonstrated to work orretly.New onversion eletron spetrometer with 12 Si detetors has been tested. Theommissioning took plae in May 2011.Two suessful experiments to study omplete and inomplete fusion reation meha-nism in 122Sn(20Ne, 6nα)132Ce reation at the beam energy of 150 MeV were performed.EAGLE I (12 Ge ACS) and SiBall (80% of the full solid angle) worked in a oinidenemode.
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Figure 1: The EAGLE Phase I γ-ray spetrometer in the experimental hall of HIL.The �rst DSAM lifetime measurement with EAGLE (test run for the hirality studyin 124Cs) was performed in Marh 2011.Bibliography[1℄ J. Mierzejewski et al., HIL Annual Report 2009, page 35[2℄ J. Perkowski et al., HIL Annual Report 2009, page 45[3℄ K. Wrzosek et al., Ata Phys. Pol. B39 (2008) 513[4℄ H. Mierzejewski et al., this Report, page 26



26 HIL Annual Report 2010A.11 New liquid nitrogen �lling system for the EAGLE arrayH. Mierzejewski1 , M. Komorowska2 ,3 , J. Mierzejewski2 ,3 , J. Srebrny2 , A. Jakubowski2 ,I. Mazur2 , T. Abraham21) Faulty of Prodution Engineering, Warsaw University of Tehnology, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Institute of Experimental Physis, University of Warsaw, Warszawa, PolandA new liquid nitrogen ooling system for the EAGLE array was designed and on-struted in 2010. Its installation ontinued in the beginning of 2011, and the entiresystem was ommissioned in Marh 2011.Liquid nitrogen is supplied from an outside storage tank of 10000 litres volume througha vauum insulated pipe more than 50 m long. The distribution to the individual dete-tors proeeds via elasti Te�on transfer tubes from four heat insulated manifolds. Eahmanifold an serve up to eight detetors, but reent tests have shown that due to pressurerelated issues it is better not to �ll more than one ryostat from eah manifold at the sametime. The system inludes several omponents loated near EAGLE: an emergeny stopswith, the I/O interfae Programmable Logi Controller (PLC) and the Human-MahineInterfae (HMI) touh pad. All ontrol ations are performed via the HMI touh panelequipped with user friendly software. The system �lls detetors every 8 hours, performsfore �lling if a detetor warms up, keeps a full log database of detetor diagnostis, tem-peratures, warnings and errors, as well as auto restarts if a rash ours. It also enablesthe user to manually operate the �lling yle and monitor its status by issuing phone ande-mail noti�ations about alarm states.Fig. 1 shows a shemati drawing of the installation. The �lling yle starts withopening the main valve (MAINVAL) and then the four manifold purge valves (PURGE)to ool the LN2 transfer line until the LN2 is deteted by the MANITEMP sensors, orthe �lling timeout (parameter) is reahed. In the seond ase the �lling must stop andthe alarm is set. If the transfer line is ready, the system opens detetor valves DETVALif a temperature rise in Ge dewars is deteted or if the delared time from the last �llingis exeeded. Filling should ontinue until the FILLED sensor detets LN2 or a timeout isreahed (alarm). If n≥ 3 onseutive detetor �llings do not lead to detetor ooling, thesystem should set an alarm. After the �lling is ompleted, the MAINVAL valve stays openfor 10 minutes in order to redue the remaining LN2 in the transfer line. The system thenloses the MAINVAL valve and opens the distribution purge valves PURGE to out-gas.All sensors and valves are onneted to the Programmable Logi Controller (PLC) unit,ontrolled by the Human-Mahine Interfae (HMI) touh panel. Monitoring of the set-upis possible via Ethernet and short noti�ations are sent via GSM.
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Figure 1: Sheme of the EAGLE LN2 �lling installation.



28 HIL Annual Report 2010A.12 Unix Computers and Computer Network at HILR. Tarnowski, M. Palaz, J. Miszzak, A. Trzi«ska, M. Zieli«skaHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandModernisation and uni�ation of all Unix omputer systems used at HIL, started in2009, was ontinued in 2010. Ubuntu Linux v. 10.04 was hosen as the target operatingsystem. All workstations and most of the servers in the HIL omputer network wereupgraded to this operating system. In order to keep all the omputers up-to-date, thesystems are automatially updated one a week and after this operation omputers areautomatially restarted, if needed.To minimise and make administrative work easier a number of shell sripts were writ-ten. The �rst group of sripts was designed to keep the Ubuntu hosts on�guration oher-ent. Changes like modi�ation of the on�guration �les or installing additional softwarepakages that are ommon to all hosts are not performed manually on every omputer butare oded in the appropriate sripts and stored in the repository (version ontrol system).Eah host automatially updates loal opy of the repository one a day and invokesthe administrative sripts. In this way all needed hanges are automatially spread outthrough the whole network.The seond set of sripts uses a similar mehanism and was designed to make theproess of system re-installation easier and faster (after hardware failures for example).There are two omponents of the mehanism whih must be reated for eah host: thelist of ruial �les (on�guration or data), and the repository where these �les are stored.Every host automatially updates the list of �les one a day and aordingly updatesloal opy of the repository. After that the ontent of the repository is ommitted to theversion ontrol server. In this way, opy of the newest version of all ruial �les for eahhost is stored and ould be easily retrieved if system re-installation is needed. The sriptsdesribed above will be further improved and developed during 2012.The Collaborative SPIRAL2 Projet Preparatory Phase web site was modi�ed. Thissite is hosted and maintained by HIL sine 2009. In the �rst quarter of 2010 the visualdesign of the site was ompletely hanged. In the middle of the year, the funtionalityof the site was extended by adding a speialised tool for building forms (laim forms,registration forms et.) and by ativating the RSS feed for seleted parts of the site. TheSPIRAL2 PP site was moved to the new server in the beginning of 2011.



HIL Annual Report 2010 29A.13 Eduational and siene popularisation ativities at HILA. Trzi«ska1 , O. Stezkiewiz1 , M. Zieli«ska1 , M. Palaz1 , J. Choi«ski1 ,K. Hady«ska-Kl�k1 ,2 , G. Jaworski1 ,3 , K. Kilian1 , J. Mierzejewski1 ,2 ,P.J. Napiorkowski1 , L. Pie«kowski1 , J. Srebrny1 , K. Wrzosek-Lipska1 ,2 ,1) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Institute of Experimental 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.In 2010 we have attrated the highest number of visitors so far about 50 organisedgroups, whih amounts to almost 1200 people. High-shool lasses were the largest ate-gory of our visitors, but we also welomed students from various faulties of the Universityof Warsaw, inluding Physis, Chemistry, Biology and Mathematis, as well as from theNiolaus Copernius University in Toru« and the Warsaw University of Tehnology. Fi-nalists of the Intershool Competition in Physis and Chemistry �EUREKA�, partiipantsof the Summer Shool of Physis and several groups of physis teahers were also amongour visitors.In 2010 for the 14th time, HIL partiipated in the annual Festival of Siene. Weorganised a series of panel disussions on subjets related to nulear physis and its ap-pliations in tehnology and mediine. These meetings took plae in evenings from 20September till 22 September and were aompanied by guided tours of the ylotron.During the same week we also organised so-alled Festival Lessons for seondary shoollasses. These simple letures, addressed to youths of age 14�15, attrated large attention.As a part of the pan-European event �Researhers' Night�, a more informal presenta-tion of our Laboratory was prepared in the evening of 24 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 Sixth Polish Workshop on Aeleration and Appliations of Heavy Ions was or-ganised at HIL in Otober 2010 (see Se. A.14 of this Report). HIL sta� members arealso engaged 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 Tehnology.



30 HIL Annual Report 2010A.14 Polish Workshop on Aeleration and Appliations of HeavyIonsP.J. Napiorkowski1 , A. Trzi«ska1 , T. Abraham1 , K. Hady«ska-Kl�k1 ,2 , G. Jaworski1 ,3 ,M. Kowalzyk1 ,2 , M. Palaz1 , J. Srebrny1 , O. Stezkiewiz1 , A. Stolarz1 , I. Strojek4 ,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 the suess of the �rst editions, we usually reeive over twie as many appliationsas the number of plaes available. It should be also noted that almost every year newinstitutions join the list of universities interested in sending their students to the Work-shop. The partiipants are often willing to ontinue the ollaboration with HIL in a formof a summer internship or at the MS stage. So far 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.The 19 students partiipating in the Workshop in 2010 ame from the following uni-versities: 6 from the University of Silesia, 6 from the Maria Curie-Skªodowska Universityin Lublin, 4 from the Gda«sk University of Tehnology, 2 from the Jagiellonian Univer-sity in Kraków and one from the Adam Mikiewiz University in Pozna«. During theWorkshop they attended a series of letures on subjets related to heavy ion physis. Theexperimental tasks allowed them to get aquainted with HIL infrastruture by performingmeasurements using dediated apparatus available in the Laboratory. The Workshop wasonluded by student presentations � eah group prepared a 20 minute talk on theirmeasurements and results.In 2010, the programme of the letures was the following:
• Radioprotetion at HIL (R. Ta«zyk),
• Introdution to heavy ion aeleration and elements of ion optis (O. Stezkiewiz),
• Detetion of gamma radiation, harged partiles and neutrons (M. Palaz),
• In-beam gamma spetrosopy (M. Zieli«ska),
• Targets for nulear physis � how to prepare them? (A. Stolarz),
• Radiopharmaeutials for Positron Emission Tomography (K. Kilian).
• Nulear-oal synergy (L. Pie«kowski)Students took part in the following experimental tasks:
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• Beam fousing in heavy ion aeleration.
• Beam energy measurements based on the Rutherford sattering.
• Identi�ation of exited bands in gamma-gamma oinidenes.
• Gamma-ray measurements using sintillation detetors.
• Measurements of 137Cs ativity in environmental samples.

The �rst international edition of the Workshop on Aeleration and Appliations ofHeavy Ions took plae at HIL in Marh 2011. A two weeks ourse for 19 partiipants wasorganised jointly by HIL, University of Huelva (Spain) and University of So�a (Bulgaria)in the framework of the ERASMUS Intensive Programme.



32 HIL Annual Report 2010A.15 17th Nulear Physis Workshop �Marie & Pierre Curie�,Kazimierz DolnyJ. Srebrny, M. Zieli«skaHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandAn international onferene on nulear struture theory, 17th Nulear Physis Work-shop �Marie & Pierre Curie�, was organised in Kazimierz Dolny, Poland, on 22�26 Septem-ber, 2010. The workshop general theme �Symmetry and symmetry breaking in nulearphysis� was related to the spontaneous symmetry breaking phenomenon, introdued tosub-atomi physis by Y. Nombu, Nobel Prize laureate in 2008.This onferene has been organised every year sine 1993 by the Maria Curie-Skªodow-ska University in Lublin and Institut Pluridisiplinaire Hubert Curien (IPHC) in Stras-bourg. Initiated as a working meeting of Polish and Frenh nulear struture theorists,the workshop was steadily gaining importane and urrently it attrats about 70 sientistseah year, who ondut both experimental and theoretial researh in the �eld of nulearphysis.This year, Heavy Ion Laboratory has joined the list of institutions o-organising theonferene, whih gathered partiipants from more than 20 ountries, inluding China,USA, Japan, Canada, Republi of South Afria and numerous European ountries. Twodays of the meeting were devoted to subjets related to experimental studies performedat the Heavy Ion Laboratory: hirality and Coulomb exitation.A speial session was organised in memory of Wªadysªaw �wi¡teki, distinguishedphysiist of Polish origin. His ahievements were presented by ollaborators from all overthe world, and his wife Uta was a guest of honour of the session.More information on the 17th Nulear Physis Workshop an be found on its website:http://kft.ums.lublin.pl/wfj/arhive/2010
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HIL Annual Report 2010 35B.1 Barrier height distributions � the in�uene of weak hannelsA. Trzi«ska1 , W. Czarnaki2 , A. Jakubowski1 , P. Jasi«ski1 , N. Keeley2 ,M. Kisieli«ski1 ,2 , P. Kozo«3 , A. Kordyasz1 , E. Koshhiy4 , M. Kowalzyk5 ,1 ,B. Lommel3 , E. Piaseki1 ,2 , A. Pietrzak1 , K. Rusek1 , I. Strojek2 , A. Stolarz1 ,K. Zerva61) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) The A. Soªtan Institute for Nulear Studies, �wierk, Poland3) Gesellshaft für Shwerionenforshung, Darmstadt, Germany4) V.N. Karazin Kharkiv National University, Kharkiv, Ukraine5) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland6) Department of Physis, University of Ioannina, Ioannina, GreeeThe Barrier Collaboration ontinued investigations of the fusion barrier height distri-butions. The barrier distribution Dqe is obtained as the �rst derivative of the quasi-elastiexitation funtion σqe divided by the Rutherford ross setion [1�3℄ for a sattering sys-tem.In our experiments we have foused on the 20Ne projetile, sine this nuleus has ex-tremely large deformation parameters: β2 = 0.46, β3 = 0.39, β4 = 0.27 [4�6℄. We haveperformed series of barrier distribution measurements for several targets: 112,116,118Sn,
natNi, 90,92Zr and 208Pb. The results of measurements were surprising: the barrier distri-butions for 20Ne+112,116,118Sn turned out to be smooth [7℄ in ontradition to the theoret-ial preditions, while for the 20Ne+natNi system a learly strutured distribution [8℄ wasobtained (in a very good agreement with the alulations based on the oupled-hannelsmethod).In a series of experiments [9℄ we have proved that exitation of the non-olletive statesof the system during baksattering of 20Ne on Zr isotopes an give a rise to signi�antsmoothing of the barrier height distributions Dqe. The �rst explanation of the in�ueneof the non-olletive exitations on Dqe an be found in [10℄. Following the above onlu-sion and expeting that the higher density of levels should have a stronger impat on thesmoothing of the barrier distribution, we have hosen three Ni isotopes for further investi-gations: 58,60,61Ni. These isotopes have di�erent level densities: 61Ni has the highest one,whereas 58Ni has the lowest. In 2010 the �rst measurements of barrier height distributionwere performed for the 20Ne+58,60,61Ni systems.A beam of 20Ne was delivered by the Warsaw Cylotron. We measured quasi-elastibakward sattering using the CUDAC hamber equipped with 30 PIN diodes of 1x1 m2surfae, plaed at 130, 140 and 150 degrees in respet to the beam axis. Two PIN diodesplaed at 35 degrees measured the Rutherford sattering. Ni targets of about 100 µg/m2thikness were prepared from isotopially separated materials.The preliminary results seem to be in agreement with our expetations (see Fig. 1):for 58Ni, where the level density is low, the barrier distribution has a struture, whereasfor 61Ni, where the level density is higher, the struture at 37 MeV is smoothed out. Themeasurements were ontinued in the beginning of 2011 with a more intense beam in orderto obtain better statistis.Bibliography[1℄ H. Timmers et al., Nul. Phys. A584 (1995) 190[2℄ K. Hagino and N. Rowley, Phys. Rev. C69 (2004) 054610
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Figure 1: Preliminary results of the �rst measurements of barrier height distribution forthe 20Ne+58,60,61Ni systems.[3℄ L.F. Canto et al., Phys. Repts. 424 (2006) 1[4℄ S. Raman et.al., At. Data and Nul. Data Tabl. 78 (2001) 1[5℄ R. H. Spear, At. Data and Nul. Data Tabl. 42 (1998) 55[6℄ G. Blanpied et al., Phys. Rev. C38 (1988) 2180[7℄ �. �widerski et al., Int. J. Mod. Phys. E 13 (2004) 315[8℄ �. �widerski et al., Int. J. Mod. Phys. E14 (2005) 341[9℄ E. Piaseki et al., Phys. Rev. C80 (2009) 054613[10℄ S. Yusa et al., Phys. Rev. C82 (2010) 024606



HIL Annual Report 2010 37B.2 Diret reations of 20Ne with 208Pb at 105 and 115 MeV in-ident energyI. 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) V.N. Karazin Kharkiv National University, Kharkiv, Ukraine5) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland6) Institute of Physis, University of Silesia, Katowie, PolandAording to the luster model, the 20Ne nuleus onsists of a hard ore and one α-partile: 16O + 4He [1℄. The binding energy of the system is relatively small. It is notsurprising that the main produt of the reation of 20Ne on 208Pb is 16O, in addition tothe sattered 20Ne projetile. The 16O nuleus in this reation is produed as a result oftwo proesses: transfer of one α-partile from the neon projetile to the lead target orbreak-up of the 20Ne into 16O and 4He. Sine these are both diret reations, the energyof the 16O should be similar to the beam energy and its angular distribution will have amarked maximum in the viinity of the grazing angle.Apart from 16O many other isotopes should be deteted, whih are the produts ofthe transfer of one or more nuleons to or from the projetile. The study of transfer fromneon is a very useful tool for studying the struture of the isotope.Con�rmation of these preditions was seen during an experiment performed in Marh2009 at the Heavy Ion Laboratory in Warsaw, Poland. To detet and identify hargedpartiles � produts of the reation � the multi-purpose sattering hamber ICARE wasused with a set of gas telesopes [2℄. The angular distributions for transfer reations foroxygen and arbon are shown in Figures 1 and 2. The mass resolution was not enough toseparate partiular isotopes.Bibliography[1℄ T. Ne�, H. Feldmeier, Int. J. Mod. Phys. E17 (2008) 2005[2℄ I. Strojek et al., HIL Annual Report 2009, page 27
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Figure 1: Di�erential ross setion for Z=8 isotopes
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HIL Annual Report 2010 39B.3 Shape evolution in 100Mo studied via Coulomb exitation �omparison with the GBH model preditionsK. Wrzosek-Lipska1 ,3 , L. Próhniak2 , M. Zieli«ska1 , K. Hady«ska-Kl�k1 ,3 , J. Iwaniki1 ,M. Kisieli«ski1 ,4 , M. Kowalzyk1 ,3 , P.J. Napiorkowski1 , D. Pi�tak1 ,5 , J. Srebrny11) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Dep. of Theoretial Physis, Inst. of Physis, Maria Curie-Sklodowska Univ., Lublin, Poland3) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland4) The A. Soªtan Institute for Nulear Studies, �wierk, Poland5) Institute of Radioeletronis, Warsaw University of Tehnology, Warszawa, PolandAmong the stable even-even nulei it happens very rarely that the exited state of spinand parity equal 0+ lies very lose in energy to the �rst exited 2+ state. Suh an unusualstruture an be a �rst experimental indiation of shape oexistene phenomenon andannot be easily interpreted. The heaviest stable 100Mo isotope belongs to this ategory.This report presents results onerning quadrupole shape evolution in this nuleus interms of the shape oexistene phenomenon ourrene in the A∼100 region of nulearhart.The Coulomb exitation experiment of 100Mo was performed at HIL in Deember 2007using the 32S beam [1℄. A standard analysis of the γ-ray spetra olleted in oinidenewith harged partiles was performed and transition intensities were determined. Finallya set of 26 eletromagneti matrix elements desribing ouplings between the low-spinstates of 100Mo was found by a global �t of alulated to measured (or previously known)observables: γ-ray yields, level lifetimes, branhing ratios and mixing ratios. The �ts andrelated error alulations were performed using the Coulomb Exitation ode GOSIA [2℄.Quadrupole deformation parameters of the 100Mo isotope in its ground and exited0+ states were extrated from the experimentally obtained set of E2 matrix elements.The rotational invariants method was used for this purpose [3℄. To determine the overalldeformation parameter 〈Q2〉, transitional E2 ouplings between the 0+ states and allobserved exited 2+ states are important. In order to extrat the triaxiality parameter
〈cos(3δ)〉, a more preise experimental information is needed � quadrupole moments ofall 2+ states as well as relative signs of all E2 matrix elements oupling 0+ and 2+ states.A more detailed desription of this proedure and its appliation to the 100Mo ase anbe found in Ref. [4℄.Figure 1 shows the experimentally obtained quadrupole deformation parameters: 〈Q2〉and 〈cos(3δ)〉 for 100Mo in the ground and exited 0+ states ompared to the theoretiallyalulated ones. The alulations were performed using the general Bohr Hamiltonianmodel GBH [5℄ with two variants of the Skyrme e�etive interation: SIII and SLy4 [6℄.The experimentally observed shapes of the 100Mo isotope in its low-lying 0+ states arequalitatively reprodued by the theoretial alulations. The overall deformation of the0+1 state is lower ompared to the one extrated for the 0+2 state. Both the theoretial andexperimental results indiate the oexistene of the triaxial ground state and the prolateexited 0+ state in 100Mo. It is worth notiing that the results of the GBH alulationswith the SLy4 variant of Skyrme interation are in a better agreement with experimentallyobtained overall quadrupole deformation parameters. This on�rms the suggestion ofRef. [6℄ that the experimental Coulomb Exitation study of olletive properties mayprovide an additional riterion when hoosing the optimal parametrisation of the e�etivenuleon-nuleon interation.
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Figure 1: Experimental and theoretial expetation values of Q2 (quadrupole overalldeformation parameter) and os(3δ) (quadrupole asymmetry parameter) for the two �rst0+ states in 100Mo; 〈cos(3δ)〉=1 orresponds to the prolate shape, 〈cos(3δ)〉=-1 � oblateshape, 〈cos(3δ)〉=0 � maximum triaxiality.Bibliography[1℄ K. Wrzosek et al., HIL Annual Report 2007, page 28[2℄ T. Czosnyka et al., Bull. Amer. Phys. So. 28 (1983) 74[3℄ D. Cline, Annu. Rev. Nul. Part. Si. 36 (1986) 683[4℄ K. Wrzosek-Lipska et al., Int. J. Mod. Phys. E20 (2011) 443[5℄ L. Próhniak, S. G. Rohozi«ski, J. Phys. G: Nul. Phys. 36 (2009) 123101[6℄ L. Próhniak, Int. J. Mod. Phys. E19 (2010) 705



HIL Annual Report 2010 41B.4 Determination of the intrinsi quadrupole moments of the�rst two 2+ states in 94Zr using Coulomb exitationM. Shek1 , M. Zieli«ska2 , Ch. Bauer1 , S. Bönig1 , P. Butler3 , J. Choi«ski2 ,L.P. Ga�ney3 , K. Hady«ska-Kl�k2 , D.S. Judson3 , T. Kröll1 , J. Iwaniki2 ,J. Kownaki2 , P.J. Napiorkowski2 , M. Palaz2 , J. Srebrny2 , V. Werner4 ,K. Wrzosek-Lipska2 , S.W. Yates5 ,61) IKP, Tehnial University Darmstadt, Darmstadt, Germany2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Oliver Lodge Laboratory, University of Liverpool, Liverpool, UK4) WNSL, Yale University, New Haven, CT, USA5) Department of Chemistry, University of Kentuky, Lexington, KY, USA6) Department of Physis and Astronomy, University of Kentuky, Lexington, KY, USAThe A≈100 mass-region of nulei is known to exhibit features of on�guration oex-istene in their low-lying level shemes. Furthermore,with inreasing neutron number,the isotopi hains undergo a quantum phase transition from spherial vibrators to de-formed nulei. The on�guration oexistene in the Z=40 nuleus 94Zr has reently beenon�rmed in various experiments with di�erent probes. Lifetimes, spins, g-fators andbranhing ratios of low-lying exitations and multipole-mixing ratios of onneting tran-sitions have been determined with a very high auray (see Fig. 1) [1�4℄.
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Figure 1: Available experimental information of 94Zr previous to our experiment. Theredued transition probabilities (E2: solid line, M1: dashed) are given next to the arrowsindiating the transitions.The 94Zr nuleus has the unique feature that the transition from the seond exited2+2 state to the ground state is stronger than the transition of �rst exited 2+1 stateto the ground state. Measurements of the g-fators indiate a neutron dominane inthe wave funtion of the �rst exited 2+1 state and a proton dominane in the wavefuntion of the seond exited 2+ state. These experimental �ndings on�rm the preditedon�guration oexistene (see e.g. [5, 6℄) in the proximity of the Z=40 sub-shell. Hereby,on the proton side a normal shell on�guration with the p1/2, f5/2, and p3/2 sub-shells �lledand the g9/2 sub-shell empty and an 2p-2h intruder on�guration for whih two protonsare lifted into the g9/2 sub-shell oexist at low exitation energies. However, the strong M1transition onneting the 2+ states also quali�es the seond 2+ state as a mixed-symmetryexitation [7℄.



42 HIL Annual Report 2010In order to test these two pitures, we intend to measure the degree of quadrupoledeformation of the �rst two exited 2+ states by measuring the Qi ∝ |〈Ji|E2|Ji〉|
2 (i=1,2)intrinsi quadrupole moments. By now, it is well established that a ombination of preiselifetime information and the reorientation e�et, displayed in Coulomb-exitation rosssetions, yields this information [8℄. Therefore, we initiated an experimental programat HIL to Coulomb exite 94Zr using 40Ar beams. In a �rst test experiment performedin February/Marh 2010 exploiting the Warsaw Coulomb exitation sattering hamberand the EAGLE HPGe-detetor setup we were able to exite the �rst 2+ state, and in aseond order proess, to populate the �rst exited 0+ state via the �rst 2+. However, thelow-mass and subsequent low-Coulomb barrier of the 20Ne projetiles limited our beamenergies to ≈50 MeV, whih does not guarantee a su�ient population of the seond 2+state. The higher mass and nulear harge of 40Ar will allow to overome these obstales.Furthermore, the 94Zr targets, used in the test, did not meet the quality standards neededfor a quantitative analysis of a Coulomb exitation experiment. They will be replaedwith targets of well de�ned thikness.Bibliography[1℄ E. Elhami et al., Phys. Rev. C 75 (2007) 011301[2℄ E. Elhami et al., Phys. Rev. C 78 (2008) 064303[3℄ V. Werner et al., Phys. Rev. C 78 (2008) 031301(R)[4℄ V. Werner, private ommuniation (2008)[5℄ K. Heyde et al., Nul. Phys. A466 (1987) 189[6℄ J. L. Wood et al., Phys. Rep. 215 (1992) 101[7℄ N. Pietralla et al., Prog. Part. Nul. Phys. (2008) 60 225[8℄ A. Hurst et al., Phys. Rev. Lett. 98 (2007) 072501



HIL Annual Report 2010 43B.5 Elasti sattering of 20Ne+28Si at 55 MeVO. Sgouros1 , V. Soukeras1 , K. Zerva1 , N. Patronis1 , A. Pakou1 , I. Strojek2 ,A. Trzi«ska3 , E. Piaseki2 ,3 , N. Keeley2 , K. Rusek3 , N. Alamanos4 ,and the EXOTIC ollaboration51) Department of Physis, University of Ioannina, Ioannina, Greee2) The A. Soªtan Institute for Nulear Studies, �wierk, Poland3) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland4) CEA Salay, IRFU/SPhN, Gif-sur-Yvette, Frane5) INFN Sezione di Napoli di Milan and di Padova, ItalyA preliminary study of the system 20Ne+ 28Si was performed at 55 MeV via an elastisattering angular distribution measurement. Data at several forward and two bakwardangles were olleted and will be disussed in terms of oupled hannel alulations.IntrodutionIn the last deade a lot of experimental work has been devoted to the optial potential viaheavy ion elasti sattering. Weakly bound projetiles, either stable or radioative, havebeen used and the phenomenon of the potential threshold anomaly with onsequenes onthe reation mehanisms and oupling mehanisms has been sought. In this ontext, wehave ompleted the study of the systems 6,7Li+28Si [1℄ at near barrier energies. To evaluatethe �e�et� of the projetile on the dedued potential behaviour and the involved reationmehanisms our intention is to seek for data with stable projetiles. In the existingdata on 12C+28Si and 16O+28Si another type of anomaly had been observed: unusuallyhigh ross setions in the bak angle region of osillatory nature partly attributed tothe projetile and target lustering struture (see e.g. [2℄). This observation makes theanalysis of suh data appealing, sine in order to inorporate them in a phenomenologialor a mirosopi potential and isolate the potential threshold anomaly, it requires speialtools. In this respet, we plan a series of measurements on 20Ne+ 28Si in a wide angularand energy range from 1 to 2.5 times the Coulomb barrier (Elab(C.b).=36.2 MeV) In thisdiretion, a preliminary run, to be desribed in this short report, onerns the elastisattering study at 55 MeV, an intermediate energy of our future plans. Our data will beinterpreted in a oupled hannel sheme.Experimental details and theoretial analysisA 20Ne beam with an intensity of a few eletrial nA, delivered from theWarsaw Cylotron,bombarded a 130 µg/m2 28Si target tilted by 45◦ degree to the beam diretion, produedat LNS-Italy. Three telesopes and a single silion detetor positioned at the distane of 9m from the target at the two platforms of the ICARE target hamber, were used to olletthe elastially sattered neon nulei, well disriminated from other reation produts viathe onventional ∆E-E tehnique. One platform was rotated in suh a way as to obtainan angular distribution between θlab=20◦ to 55◦ while the seond platform was kept �xedand the two telesopes were positioned at θlab=70◦ and θlab=90◦. Two single siliondetetors were positioned at �xed angles of ± 20◦, at the distane 19m from the target,for normalisation purposes. Experimental results of an eight hours run are presented inFigure 1. The results are ompared with the oupled hannel alulations performed withthe ode Freso. The entral potential was taken in the standard form, V = (1+0.5i)VDF ,
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Figure 1: Elasti sattering data for 20Ne+28Si at bombarding energy of 55 MeV are om-pared with oupled hannel alulations. Results without oupling are denoted with thedashed urve while results with oupling with the dot-dashed and solid urves (spetro-sopi fator equal to 1 and to 0.5, respetively).where VDF is a double folded potential. The alulations inluded ouplings to the 2+exited states in 20Ne and 28Si with the assumption to be onventional rotational statesand also elasti transfer of a 8Be luster between all the possible ombinations of states:
20Ne(0+) + 28Si(0+),20Ne(2+) + 28Si(0+), 20Ne(0+) + 28Si(2+),20Ne(2+) + 28Si(2+). Inthe �rst alulation the spetrosopi fator for 28Si = 20Ne + 8Be was taken as 1.0 and inthe seond as 0.5. Results without these ouplings and with the ouplings are omparedin Figure 1 with the data.ConlusionsFrom the omparison of the data with the theory it is obvious that at bakward anglesthe anomalous inrease of the ross setions persists even with a heavier projetile like
20Ne. This an be desribed in a �rst approximation by the elasti transfer of a 8Be fromthe target to the projetile. More detailed results at several energies and many moreexperimental data at bakward angles are neessary to fully interpret this baksatteringanomaly and probe additionally the threshold anomaly.Bibliography[1℄ A. Pakou et al., Phys. Lett. B566 (2003) 21, Phys. Rev. Lett. 90 (2003) 202701,Phys. Rev. C69 (2004) 054602, Phys. Rev. C71 (2005) 064602, J. Phys. G: Nul.Phys. 31 (2006) S1723, Phys. Rev. C71 (2005) 064602, Phys. Lett. B633 (2006)33, Nul. Phys. A784 (2007) 13, Phys. Rev. C76 (2007) 054601, Eur. Phys. J.A39 (2009) 187[2℄ P. Braun-Munzinger and J. Barrette, Phys. Reports 87 (1982) 209



HIL Annual Report 2010 45B.6 Sattering and reations of light nuleiA.T. Rudhik1 , A. Budzanowski2 , J. Choi«ski3 , B. Czeh2 , L. Gªowaka4 ,K.W. Kemper5 , S. Klizewski2 , E.I. Koshhy6 , B.G. Novatsky7 , E. Piaseki3 ,8 ,V.M. Pirnak1 , O.A. Ponkratenko1 , G.P. Romanyshyna1 , A.A. Rudhik1 , K. Rusek3 ,8 ,S.B. Sakuta7 , R. Siudak2 , Yu.O. Shyrma1 , Yu.M. Stepanenko1 , I. Strojek8 ,I. Skwierzy«ska2 , A. Szzurek21) Institute for Nulear Researh, Kyiv, Ukraine2) The Henryk Niewodniza«ski Institute of Nulear Physis PAN, Kraków, Poland3) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland4) Institute of Applied Physis, Military University of Tehnology, Warszawa, Poland5) Physis Department, Florida State University, Tallahassee, USA6) V.N. Karazin Kharkiv National University, Kharkiv, Ukraine7) Russian Researh Center "Kurhatov Institute", Mosow, Russia8) The A. Soªtan Institute for Nulear Studies, �wierk, PolandA series of experiments with 18O beams was performed in order to study the intera-tions of oxygen isotopes with lithium and arbon targets. The following proesses werestudied:
• 18O + 14C at 105 MeV, elasti and inelasti sattering leading to exitation of theprojetile to 3.555 MeV, 3.920 MeV and 4.456 MeV states,
• 18O + 13C at 105 MeV, el. and inel. sattering leading to 1.982 MeV, 3.555 MeV,3.921 MeV states in 18O and 3.088 MeV, 3.684 MeV and 3.854 MeV states in 13C,
• 7Li(18O, 16N)9Be transfer reation at 114 MeV leading to the low lying states in theexit hannel,
• 7Li(18O,17N)8Be transfer reation at 114 MeV leading to a few states in 17N.These data sets as well as the data obtained previously with 16O beam were analysed inthe frame of Coupled Reation Channel method (CRC). Information on the optial modelpotential parameters as well as on the reation mehanism and spetrosopi fators wasobtained [1�3℄.An example of experimental data as well as theoretial alulations is presented inFig. 1. The data were well reprodued assuming one proton transfer proess. The exitedstates of 16N at 1.850 MeV and 1.907 MeV ould not be resolved experimentally and thesolid urve shown in the �gure onsists of the two alulations, one for eah exited state.Spetrosopi fators found from the omparison of the alulations with the data arelose to the ones predited by the translation-invariant shell model [4℄.Bibliography[1℄ V.O. Romanyshyn et al., Phys. Rev. C79 (2009) 054609[2℄ A.T. Rudhik et al., Nul. Phys. A831 (2009) 139[3℄ A.T. Rudhik et al., Eur. Phys. J. A44 (2010) 221[4℄ Yu.F. Smirnov and Yu.M. Thuvilsky, Phys. Rev. C15 (1977) 84
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Figure 1: Angular distributions of the 7Li(18O,17N)8Be reation leading to the di�erentstates in 17N. The urves show results of CRC alulations (one-p roton transfer)



HIL Annual Report 2010 47B.7 Silion/liquid 5% HF juntionA.J. KordyaszHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandUniform resistane of silion wafers is essential for proper working of silion detetors.It is of speial importane for the Pulse Shape Disrimination tehnique, where a singledetetor signal is used for harge and mass identi�ation.To obtain uniform silion wafers, a non-destrutive proedure to determine silionwafer resistivity distribution is required. We proposed a C-V (Capaitane-Voltage)method [1℄ using a merury drop gravitationally pressed to the tested silion surfae.Unfortunately, this tehnique resulted in ontamination of silion wafers.Another option, whih is urrently being investigated, is to use a 5% water solutionof the hydro�uori aid (HF) to reate a silion/liquid juntion that ould be used for anon-ontaminating determination of the silion wafer resistivity distribution by the C - Vmethod.Semiondutor/liquid juntions are onsidered to be very e�ient solar ells [2�5℄.Creation of a silion/liquid 5% HF juntion was aidentally observed during thinningof the n+-n silion strutures neessary to produe 7.3 silion epitaxial membrane forthin strip detetors [6℄ using the anodi dissolution eletrolyte jet equipment presented inFig. 1.

Figure 1: Eletrolyte jet tehnique devie used for thinning by anodi dissolution thelarge-area n+�n oxidated silion epitaxial wafers. After attahing an opposite voltage, thereverse urrent of the silion/liquid 5% HF juntion was observed.The voltage-urrent harateristis and the open iruit voltages of silion/liquid 5%HF juntions observed for various types of silion wafers are presented in Fig. 2.The voltage-urrent harateristis of the tested silion/liquid 5% HF juntions wasomparable to the one of Shottky semiondutor/metals juntions. In addition, thejuntions show an exellent photo-e�et.
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Figure 2: Voltage-urrent harateristis of silion/liquid 5% HF juntions. (a) Highresistivity silion. Float zone. Tewa. (b) High resistivity silion. Float zone. Topsil.Open iruit voltage 0.83 V. () High resistivity silion epitaxial n+-n. ITME. Openiruit voltage 0.63 V. (d) High resistivity silion epitaxial n+-n. ITME. Open iruitvoltage 0.68 V. All voltages were measured with light illumination of juntions.Sine the �uori aid is used for washing and leaning of silion materials, reatingsuh a juntion brings no risk of ontaminating the tested silion surfae. In onsequene,silion/liquid 5% HF juntion should be the best for C - V measurements of silion wafers.We would like to thank very muh Magda Zieli«ska, Agnieszka Trzi«ska, KrzysztofRusek and Ludwik Pie«kowski for fruitful disussions and omments.Bibliography[1℄ A.J. Kordyasz et al., Proeedings of Siene (RD09) 016[2℄ B. Miller, A. Heller, Nature 262, (1976) 680[3℄ W.M. Ayers, Eletrohem. So. J. 129, (1982) 1644[4℄ J.F. Gibbons et al., Appl. Phys. Lett. 45 (1984) 1095[5℄ A. Kumar, N.S. Lewis, J. Phys. Chem. 94 (1990) 6002[6℄ A.J. Kordyasz et al., this Report, page 49



HIL Annual Report 2010 49B.8 Test of a four inh, 7.3 µm thik strip detetor with the 252CfsoureA.J. Kordyasz1 , M. Kowalzyk1 ,2 , A. Bednarek1 , M. Kisieli«ski1 ,3 ,K. Hady«ska-Kl�k1 ,2 , D. Atanasov4 , J. Sarneki5 , A. Brzozowski5 , D. Lipi«ski5 ,M. Teodorzyk5 , M. Gajewski5 , A. Wi±niewska5 , K. Krzy»ak5 , J. Jagielski5 ,G. Gawlik5 , A. Zagojski51) 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 Eletroni Materials Tehnology, Warszawa, PolandWe have elaborated a new tehnology of large area, thin silion strip detetors, for theidenti�ation of super-heavy elements using a silion vertex detetor [1℄. A photographshown in Fig. 1 presents a four inh silion epitaxial n+-n struture with a thin 7.3 µmepitaxial membrane, transparent for visible light with detetor strips reated.

Figure 1: Four inh wafer with 7.3 µm thin silion membrane supported by a thik 400 µmsilion n+ substrate ring. The detetor strips are visible in light illuminating the waferfrom the bak side.A E-∆E telesope was built using the strip ∆E detetor shown in Fig. 1 and a PINdiode as an E detetor. A narrow ollimator was plaed in front of the ∆E detetor,so that only one strip ould be reahed by the inoming partiles. The telesope wasirradiated in vauum by �ssion fragments and α partiles from a 252Cf soure. The resultsof measurements are presented in Fig. 2.
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Figure 2: Upper plot: �ssion fragments diretly measured by the PIN diode E detetor(the right spetrum). After overing the PIN diode by 7.3 µm strip detetor the energyof the �ssion fragments dereased (left spetrum). Middle �gure: �ssion fragments (theentral spetrum) and 11.2 MeV α partiles from 252Cf (left spetrum), measured by the7.3 µm strip ∆E detetor. The estimated energy resolution (FWHM) for α partiles isabout 0.42 MeV. Lower �gure: an E-∆E plot measured by the E-∆E telesope. The twovisible peaks, at about 34 and 46 MeV, are reated by heavy and light �ssion fragments,respetively.AknowledgementsWe would like to thank very muh Magda Zieli«ska, Agnieszka Trzi«ska, Krzysztof Rusekand Ludwik Pie«kowski for fruitful disussions and omments.Bibliography[1℄ A.J. Kordyasz, M. Kowalzyk, A. Bednarek, J. Sarneki, A. Brzozowski, J. Jagiel-ski, G. Gawlik, A. Zagojski, M. Teodorzyk, G. Gajewski, poster presented at theSPIRAL2 WEEK 2011, Caen, Frane



HIL Annual Report 2010 51B.9 Thin nikel targets for studies of the fusion-barrier heightA. Stolarz1 , R. Seppälä21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Department of Physis, University of Jyväskylä, FinlandInvestigation of the distribution of the fusion-barrier height performed with 20Ne+9ions provided by Warsaw Cylotron required the following targets of nikel isotopes: 58Ni,
60Ni and 61Ni [1℄. The targets should be 80�100 µg/m2 thik with an ative target areaof 15 mm in diameter, most preferably self-supporting. Preparation of suh thin self-supporting Ni targets is quite di�ult. The foils of the suitable thikness an be preparedby evaporation, however, nikel foils of suh thikness have a strong tendeny to roll intotubes when self-supporting. This makes the mounting of the foils on the frames verydi�ult.For earlier preliminary measurements targets were prepared at GSI Darmstadt, bye-gun and sputtering evaporation of Ni isotopes on Cu baking. To obtain self supportingNi foils the Cu baking was removed by ething [2℄. Further experiments required newsets of targets and their preparation was performed at Target Laboratory of PhysisDepartment of Jyväskylä University. At �rst approah targets were made by sputteringtehnique using home made sputtering devie with a sputter voltage of 10 kV and Ar ionsas sputtering projetiles.The foils produed by the proedure desribed in Ref. [2℄ were rolling into tubes afterbeing released from the Cu baking (Fig. 1), what made mounting them on the framesimpossible. The foils �xed to the frame before Cu ething were not stress free and rakedduring the �oating proess or during drying step (Fig. 2).

Figure 1: Ni foil made by sputtering on the Cu baking after ething the baking.As required targets ould be as well made on a thin baking, an attempt was madeto deposit the nikel layers on a thin C foil. Unfortunately it was not suessful, either.The C foil did not withstand bombardment by the sputtered Ni, or the stress building upinside the foil during the Ni deposition was too high.Finally targets for the seond part of the experiment were produed by depositionof the sputtered nikel on about 35 µg/m2 thik polyimide foil (PIF) produed in airor in argon atmosphere [3℄. The sputtering voltage applied in this proess was about6.5 kV. The survival of the organi baking was a nie surprise after the failure with theNi deposition on a thin arbon foil. Aording to the report from the end users, targetsprepared this way survived a two hours long test bombardment by 50 MeV 20Ne+9 ionbeam of 30 nA intensity.
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Figure 2: Ni foils prepared on the Cu baking during ething proess

Figure 3: Left: the Ni target in the holder of the sputtering devie (from the Ni side).Centre: the irle of the nikel (darker grey ring) on the frame guarantees the nikelontat with the frame to failitate the heat transfer from the target material. Right:view of the target from the PIF side.Bibliography[1℄ A. Trzi«ska, this Report, page 35[2℄ B. Lommel, W. Hartmann, A. Huebner, B. Kindler, J. SteinerNul. Inst. and Meth. A, in print[3℄ G. Sibbens, K. Luykx, A. Stolarz, M. Jaskóªa, A. Korman, A. Moens, R. Eykens,D. Sapundjiev, Y. Aregbe, Nul. Inst. and Meth. A, in print



HIL Annual Report 2010 53B.10 First experimental validation of the NEDA simulationsG. Jaworski1 ,2 , M. Palaz2 , J. Nyberg3 , J. Kownaki2 , A. Pipidis4 , P.-A. Söderström3 ,R. Tarnowski2 , A. Di Nitto5 , T. Hüyük6 , J.J. Valiente Dobon4 ,and the NEDA Collaboration1) Faulty of Physis, Warsaw University of Tehnology, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) Department of Physis and Astronomy, Uppsala University, Uppsala, Sweden4) INFN, Laboratori Nationali di Legnaro, Legnaro, Italy5) INFN and Dipartimento di Sienze Fisihe dell'Universita di Napoli, Napoli, Italy6) Instituto de Físia Corpusular, Valenia, SpainThe oneptual design of the NEDA (NEutron Detetor Array) projet (see [1,2℄) is atthe �nal stage. This projet aims at the onstrution of a new neutron detetor system,with the primary objetive to improve neutron multipliity �ltering in γ-ray spetrosopyfusion-evaporation experiments, espeially when neutron emission is very rare. In orderto validate the Geant4 simulations employed to evaluate properties of the new array,experimental tests of existing neutron detetors were performed in Uppsala and HIL,Warsaw. Two detetors were used (see Fig. 1): in Uppsala � a semi-hexagonal detetor,originating from the NORDBALL neutron wall [3℄, and in Warsaw � a ylindriallyshaped detetor (diameter 153 mm, length 135 mm). The sintillation liquid �lling bothdetetors was of BC501 type [4, 5℄. In Uppsala data were proessed with the analogeletronis, inluding a NDE 202 pulse shape disrimination unit, and sent to a multi-hannel analyser in a PC omputer, while in Warsaw signals were probed by a CAENDT5720 digitiser.
Figure 1: Neutron detetors used in the test measurements � the NORDBALL H10 de-tetor evaluated in Uppsala (left) and a ylindrial detetor tested in Warsaw (right).The detetors were �rst irradiated with γ rays emitted by radioative soures, and thisenabled alibration of the light output signals in units of eletron-equivalents (keVee). The
γ-ray spetra olleted with the hexagonal detetor are shown in Fig. 2a�. The broadpeaks seen in these spetra are Compton edges of the respetive γ rays � simulationsindiate that the atual Compton edge energy value orresponds to 90% of the peakheight, to the right of the peak's maximum. Basing on suh γ-ray alibration points, theCFD threshold values ould be onverted to keVee units, resulting in 115 keVee and 50keVee, in Uppsala and Warsaw, respetively. With the known alibration and thresholdvalues, simulated spetra ould be overlapped with the measured ones.In the next step, 252Cf γ-neutron soures were plaed 51.0(5) m and 5.0(2) m in frontof the detetors in Uppsala and Warsaw, respetively. Spetra of neutrons are shown inFig. 2d. The neutrons in the Warsaw measurement were distinguished from γ rays usingthe harge omparison method [6℄. The total neutron detetion e�ieny of the two
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neutronsFigure 2: Experimental (solid line) and simulated (dotted) spetra obtained with theNORDBALL detetor for γ-ray soures 22Na (a), 207Bi (b) and 137Cs (); as well withthe ylindrial detetor for neutrons emitted by the 252Cf soure (d). Neutrons weredistinguished from γ rays using the harge-omparison method.detetors was alulated and ompared to the simulations, giving: 2.0(3)h and 2.41(2)h(in Uppsala), 6.2(9)% and 6.40(2)% (in Warsaw), for the measurements and simulations,respetively.The shape of the simulated γ-ray spetra agrees well with the measurements. The mostnotable di�erene is visible in the 100�400 keVee part of the 137Cs distribution, in whihmore ounts were measured than obtained in the simulations and this disrepany is notunderstood. The absolute γ-ray e�ieny of the detetor is anyway rather well reprodued� we obtain e�ieny to register the 137Cs γ rays of 2.56(13)h and 2.849(9)h in theexperiment and simulation, respetively.In the low energy part of the neutron spetrum the simulations give more ounts thanthe measurement. One possible reason of suh a di�erene is that the neutron γ-raydisrimination works worse at low light, and thus some low light neutrons ould be lost inthe measurements. Also, this may indiate a problem with the threshold determination,due to for example possible non-linearity of the light olletion at low light values. Notethat the lowest γ-ray alibration point was at 341 keV (Compton edge of the 511 keV
γ-ray of the 22Na soure), and the threshold value was obtained by the extrapolation.The threshold position signi�antly in�uenes the neutron e�ieny, as the neutron lightdistributions strongly peak at zero. It an also be seen that all the simulated spetra areslightly shifted towards higher light values with respet to the measurement. This e�etould be orreted for by hanging the linear alibration oe�ient by about 4%.Further tests of neutron detetors are in progress, onentrating on the omparison ofthe properties of two sintillators onsidered for NEDA, BC501A and BC537 [4, 5℄.Bibliography[1℄ M. Palaz and G. Jaworski, HIL Annual Report 2008, page 51[2℄ G. Jaworski et al., HIL Annual Report 2009, page 63[3℄ S.E. Arnell et al., Nul. Inst. and Meth. A300 (1991) 303[4℄ Saint Gobain Cristals, USA, BC501/BC501A and BC537 data sheets.[5℄ R.A. Ceil, B.D. Anderson, and R. Madey, Nul. Inst. and Meth. 161 (1979) 439[6℄ P.-A. Söderström et al., Nul. Inst. and Meth. A594 (2008) 79



HIL Annual Report 2010 55B.11 Parallel determination of the objetive funtion value basedon a distributed appliation strutureW. Pi¡tek1 , A. Rubin1 J. Góreki2 , D.A. Pi�tak3 , P.J. Napiorkowski31) Faulty of Mathematis and Natural Studies, Cardinal Stefan Wyszy«ski University,Warszawa, Poland2) Institute of Physial Chemistry PAN, Poland3) Heavy Ion Laboratory, University of Warsaw, Warszawa, PolandMotivationCoulomb exitation is a well established method to study eletromagneti properties of nu-lei, inluding their shapes in ground and exited states. During the analysis, experimentaldata (γ-ray intensities, lifetimes, branhing ratios et.) are ompared to the respetivealulated values assuming a set of eletromagneti matrix elements that desribe theinternal struture of the nuleus under study. Suh alulations an be performed usingfor example the GOSIA ode written by T. Czosnyka [1℄, whih also provides a �tnessmeasure in the form of the χ2 funtion. The optimisation proess aims at �nding a set ofparameters with the lowest χ2 value. It is onduted in two ways: either with a gradientmethod implemented in GOSIA or with a geneti algorithm implemented in JACOB byD.A. Pi�tak [2℄. JACOB ooperates with GOSIA as an external objetive funtion anddetermines a set of eletromagneti matrix elements. Determination of the χ2 value isCPU time onsuming so for e�ient alulations large omputing power is needed. Thegeneti algorithm enables to parallelise the objetive funtion determination in eah gen-eration, and this feature an be used to speed up the alulations by employing in parallelmore than one omputer.Distributed arhitetureA lient-server model was suggested to parallelise the objetive funtion determination. Asshown in Figure 1, ommuniation proeeds between three distint appliations: JACOB(generator of the set of parameters � points), Server (distributor) and Client (alulatorof the χ2 value). An important task was to design two ommuniation protools: betweenJACOB and Server and between Server and Client. It is possible to run several JACOBand Client appliations onurrently on di�erent omputers and provide their ommuni-ation with Server. A speial struture for distributing points was implemented to avoidmixing of points from di�erent JACOB appliations.Performane of the system was heked with the test χ2 value generator based on theShwefel F7 funtion [3℄ as well as with the GOSIA ode. In both ases Server properlydistributed points to the Client and reeived the alulated objetive funtion value.At present all appliations are working under the ontrol of the Windows operatingsystem. Design of the Client appliations also for other environments (in partiular Linux)is possible and foreseen. The system an be also applied to di�erent tasks, for exampledata base searh.This work was performed as a projet for Bahelor degree in omputer siene at theCardinal Stefan Wyszy«ski University in Warsaw.
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Figure 1: The distributed arhiteture of the system.Bibliography[1℄ T. Czosnyka, D. Cline, C.Y. Wu, Bull. Am. Phys. So. 28 (1983) 745;T. Czosnyka, D. Cline, C.Y. Wu, Gosia Coulomb Exitation Code, user's manual[2℄ D.A. Pi�tak, Implementaja algorytmu genetyznego do analizy danyh z pomiarówwzbudze« kulombowskih, Master thesis, Warsaw University of Tehnology, Warszawa2008[3℄ H.-P. Shwefel, Numerial optimization of omputer models, Chihester: Wiley &Sons, 1981



HIL Annual Report 2010 57B.12 Investigation of bystander responses in CHO-K1 ells irra-diated by 12C ionsU. Ka¹mierzak1 , D. Bana±2 ,3 , M. Bogowiz1 , J. Braziewiz2 ,3 , I. Burazewska4 ,J. Choi«ski5 , M. Czerwi«ski1 , J. Czub2 , M. Jaskóªa6 , A. Korman6 , M. Kruszewski4 ,6 ,A. Lanko�4 ,7 , Z. Sze�i«ski1 , M. Wojewódzka4 , A. Wójik8 ,9 , M. Wrzesie«101) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland2) Institute of Physis, Jan Kohanowski University, Kiele, Poland3) Holyross Caner Center, Kiele, Poland4) Institute of Nulear Chemistry and Tehnology, Warszawa, Poland5) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland6) The A. Soªtan Institute for Nulear Studies, �wierk, Poland7) Institute of Rural Health, Lublin, Poland8) Institute of Biology, Jan Kohanowski University, Kiele, Poland9) Dep. of Genetis, Mirobiology and Toxiology, Stokholm University, Stokholm, Sweden10) Faulty of Physis and Applied Informatis, University of Lodz, �ód¹, PolandUnderstanding heavy ion radiation-indued bystander responses may provide usefulinsights into potential therapeuti approahes for the treatment of human aners. Theaim of this study was to investigate the bystander e�ets in Chinese hamster ovary ells(CHO-K1) exposed to 4 Gy of high LET 12C ions (17 MeV), delivered by the ylotronin the Heavy Ion Laboratory of the University of Warsaw.Immediately after irradiation, ells were transferred into transwell ulture insert dishesto enable a o-ulture of irradiated and non-irradiated ells. For the lonogeni survivalassay, bystander ells were seeded at 150 ells/well. Irradiated ells were plated on mem-brane of insert. For the mironuleus assay, bystander and diretly irradiated ells wereplated at 125×103 ells/insert/well. All data presented in our study are representative offour separate experiments in six repetitions.Mironuleus assay MNC BNC CBPI MN/1000without MN with MN BNCIrradiated ells 0.63±0.05 0.068±0.011 1.452 294±75Bystander ells 0.18±0.03 0.010±0.004 1.860 13±6Control ells 0.13±0.03 0.013±0.004 1.917 16±6Clonogeni assay PE SFIrradiated ells 0.73±0.05 0.160±0.006Bystanderells density ofirradiatedells in theinsert: 10050002500 0.80±0.050.85±0.050.84±0.06 1.04±0.041.09±0.051.05±0.06Table 1: E�ets of high LET 12C ions irradiation on the frequeny of mironulei (MN)and lonogeni survival of diretly and bystander CHO-K1 ells. [MNC-mononuleatedells; BNC-binuleated ells; CBPI-Cytokinesis-Blok Proliferation Index; SF-Survivalfration; PE-plating e�ieny℄. At least 1000 ells were examined per point.As presented in Table 1, we observed a signi�ant inrease in the frequeny of MN inBNC as well as an elevated number of MNC and BNC with MN in diretly irradiated ells,



58 HIL Annual Report 2010but not in bystander ells, as ompared to ontrol ells. These results were on�rmedby the lonogeni survival results. The SF in diretly irradiated ells was signi�antlyredued as ompared to ontrol ells. However, the SF in bystander ells was not a�eted,irrespetively of the density of irradiated ells.To onlude, no bystander e�et was found under the experimental onditions used inour study. However, a relationship between the number of BNC without MN and the SFin lonogeni assay was observed.
B.13 Determination of residual solvents in radiopharmaeutialsusing stati headspae gas hromatographyW. Szkutnik1 , K. Kilian2 , A. P�kal1 ,2 , K. Pyrzy«ska11) Faulty of Chemistry, University of Warsaw, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, PolandPET (Positon Emission Tomography) is a new and dynamially developing method ofmetaboli imaging, whih allows the diagnosis of early-stage tumors and its exat loation.The method uses biologially ative, β+ labelled ompounds and trak their distributionin the patient body.Moleular imaging with radiopharmaeutials use short-lived isotopes (usually 18F,
11C, 13N, 15O). One of the most important aspets of working with radiopharmaeutialsis a short time (about 40 minutes) that an be spent on quality ontrol and releaseproedures, thus the speed, simpliity and reliability of developed analytial methods areritial fators.The aim of this study was to develop a rapid method for determination of residualorgani solvents in the radiopharmaeutials. The work was performed with the gashromatography tehnique oupled with headspae sampler and FID (�ame-ionisation)detetor. Organi solvents (methanol, ethanol, aetonitrile, ethyl aetate and butane-1-ol) were determined in aqueous solutions. To optimise the proedure, the e�et oftemperature programs of headspae sampler and separation proess was studied. Theomplete separation of solvents was ahieved in less than 2 minutes. In real samples theethanol ontent in 11C-methionine and residual solvents in 18FDG were determined withgood auray and preision.The validation proess showed preision in range 6�9% (represented as RSD), determi-nation limit (methanol 30 mg/L, ethanol 3 mg/L, and aetonitrile 4 mg/L, ethyl aetate3 mg/L, butane-1-ol 3 mg/L) and the auray of the method (97�115%).
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HIL Annual Report 2010 61C.1 Coulomb exitation of the presumably super-deformed bandin 42Ca. Preliminary results from the �rst AGATA Demon-strator experimentK. Hady«ska-Kl�ek1 ,2 , P.J. Napiorkowski1 , A. Maj3 , F. Azaiez4 , J.J. Valiente-Dobón4 ,G. de Angelis5 and the AGATA Collaboration1) 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) Institut de Physique Nuléaire, Orsay, Frane5) INFN, Laboratori Nationali di Legnaro, Legnaro, ItalyThe Coulomb exitation experiment to study eletromagneti properties of low-lyingstates in 42Ca with a fous on a presumably super-deformed band was performed atthe Laboratori Nazionali di Legnaro in Italy in 2010. The γ-ray spetrometer AGATADemonstrator oupled to the DANTE position sensitive harged partile detetor arraywere employed. First results were presented at the Zakopane Conferene on NulearPhysis in 2010 [1℄.IntrodutionIn the 42Ca nuleus a rotational struture has been observed [2℄, whih is similar tothe previously identi�ed super-deformed bands in several A ≈ 40 nulei suh as 40Ca [3℄,
36,38Ar [4�6℄. Large transitional quadrupole moments in bands built on low-lying 0+ statesin 40Ca suggested shape oexistene in this nuleus, whih ould be interpreted as an e�etof multipartile-multihole deformed exitations [7℄.Lifetime measurements performed for the 42Ca nuleus using the Doppler shift atten-uation method [8℄ indiate a smaller deformation of the band built on the seond 0+ state(1837 keV) than in the ase of the super-deformed band in 40Ca. On the other hand,moments of inertia of these two bands were found to be very similar [2℄. Another argu-ment for the highly deformed harater of this band was the observation of its preferentialfeeding by the deay of the low energy omponent of the highly split GDR in 46Ti [9℄.Coulomb exitation of 42CaIn order to resolve the existing ambiguities onerning the deformation of the presumablysuper-deformed band, a Coulomb exitation measurement has been performed to extratthe B(E2) values in 42Ca. The experiment took plae in February 2010 at the LaboratoriNazionali di Legnaro. For this measurement, the γ-ray spetrometer AGATA Demonstra-tor [10℄ oupled to the harged partile detetion set-up DANTE [11℄ was used for the�rst time.A 42Ca beam of 170 MeV energy bombarded a 1 mg/m2 target of 208Pb. Gamma raysfrom Coulomb exited nulei were measured in oinidene with bak-sattered proje-tiles, deteted by three position-sensitive heavy ion miro-hannel plate detetors formingthe DANTE array that overed θ range from 100◦ to 144◦. The AGATA Demonstratorspetrometer, onsisting of three triple germanium lusters, was used to measure γ-raytransitions in the energy range up to 3 MeV. Data aquisition of the AGATA array was



62 HIL Annual Report 2010fully digital, while MCP detetors signals were proessed by analog eletronis. The read-out of DANTE was synhronised and merged with the AGATA aquisition system usingthe AGAVA interfae.Transitions deexiting the highly deformed band were observed, as well as γ raysdepopulating low-lying states in the yrast band. In both the ground state band and thehighly deformed band it was possible to Coulomb exite levels of spin up to 4+. Dopplerorretion was performed based on the information on partile sattering angle providedby MCP detetors. In Fig. 1 the total γ-ray spetrum in oinidene with one of theDANTE detetors is shown. In addition to the γ lines oming from known low energystates in 42Ca, γ rays depopulating the Coulomb exited states of the lead target andthe aluminium holder nulei are visible. These lines are signi�antly broadened sine theDoppler orretion was performed for the 42Ca sattered projetile.

Figure 1: Doppler-orreted γ-ray spetrum observed in the 42Ca + 208Pb Coulomb exi-tation experiment. The insets present 376 keV and 2048 keV γ-ray transitions.Unexpetedly, a very strong 2048 keV γ-ray transition is learly visible. Its widthindiates that this line omes from the 42Ca sattered projetile. There are several options,whih should be taken into onsideration regarding the origin of suh a γ line. Thealulations of respetive transition probabilities performed using the GOSIA ode [12℄exlude the attribution of the 2048 keV line to the known level sheme of 42Ca.Additionally a 376 keV γ-ray was observed in this experiment (see Fig. 1). Existeneof suh a γ line supports the senario that both 376 and 2048 keV transitions are related toa new postulated 3− or 2+ state loated at 2048 keV, populated in the Coulomb exitationproess (Fig. 2).Detailed disussion of all possible spin and parity assignments of the level whih de-exites by the γ-ray transition of 2048 keV is presented in [1℄.SummaryCoulomb exitation of low-lying levels in 42Ca was observed up to 4+ states in both theground state band and the highly deformed band. A new strong gamma-ray transition atthe energy of 2048 keV was identi�ed in the spetrum. The most probable interpretationis that this line originates from a new state loated at 2048 keV, populated in the Coulombexitation proess.
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Figure 2: The level sheme of 42Ca observed in the present experiment with the tentativelyassigned 3− or 2+ state at the energy of 2048 keV.Further analysis, whih will provide information on eletromagneti properties of thehighly deformed band by determination of B(E2) values, is in progress.Speial aknowledgement for support and help goes to all members of the AGATACollaboration and the LNL Legnaro aelerator tehnial sta�.Bibliography[1℄ K. Hady«ska-Kl�ek et al., Ata Phys. Pol. B42 (2011) 817[2℄ M. Lah et al., Eur. Phys. J. A16 (2003) 309[3℄ E. Ideguhi et al., Phys. Rev. Lett. 87 (2001) 222501[4℄ C.E. Svensson et al., Phys. Rev. Lett. 85 (2001) 2693[5℄ C.E. Svensson et al., Phys. Rev. C63 (2001) 061301 (R)[6℄ D. Rudolph et al., Phys. Rev. C65 (2002) 034305[7℄ J.L. Wood et al., Phys. Rep. 215 (1992) 101[8℄ B. Singh and J.A. Cameron, Nulear Data Sheets 92 (2001) 1[9℄ M. Kmieik et al., Ata Phys. Pol. B36 (2005) 1169[10℄ J. Simpson, J. Nyberg, W. Korten (editors), AGATA Tehnial Design Report (2008)http://www-win.gsi.de/agata/publiations.htm[11℄ J.J. Valiente-Dobón et al., Ata Phys. Pol. B37 (2006) 225 and A. Gadea et al.,Nul. Inst. and Meth. (in press)[12℄ T. Czosnyka et al., Bull. Am. Phys. So. 28(1983) 745, www.slj.uw.edu.pl/gosia



64 HIL Annual Report 2010C.2 Coulomb exitation of 182,184,186,188Hg at REX-ISOLDEN. Bree1 , A. Andreyev1 , B. Bastin1 , P.A. Butler2 , M. Carpenter3 , J. Cederkäll4 ,5 ,E. Clement5 , T.E. Coolios1 , A. Deaon6 , D. DiJulio4 , J. Diriken1 , A. Ekström4 ,S. Freeman6 , L. Fraile5 , T. Grahn2 , M. Guttormsen7 , B. Hadinia8 , K. Hady«ska-Kl�k9 ,M. Hass10 , R.-D. Herzberg2 , M. Huyse1 , D.G. Jenkins11 , R. Julin12 , Th. Kröll13 ,R. Krüken13 , V. Kumar11 , A.C. Larsen7 , P. Marley11 , S. Martin-Haugh11 ,P.J. Napiorkowski9 , R. Orlandi8 , J. Pakarinen2 ,5 , N. Patronis1 , A. Petts2 ,P.J. Peura12 , E. Piselli5 , P. Rahkila12 , A. Robinson11 , M. Shek2 , S. Siem7 , K. SinghChakkal10 , J.F. Smith6 , I. Stefanesu1 , G. Tveten4 ,5 , J. Van de Walle5 , P. VanDuppen1 , D. Voulot5 , F. Wenander5 , K. Wrzosek-Lipska9 , M. Zieli«ska91) Instituut voor Kern- en Stralingfysia, K.U. Leuven, Leuven, Belgium2) Oliver Lodge Laboratory, University of Liverpool, Liverpool, UK3) Argonne National Laboratory, Argonne, USA4) Physis Department, University of Lund, Lund, Sweden5) ISOLDE, CERN, Geneve, Switzerland6) Shool of Physis and Astronomy, University of Manhester, Manhester, UK7) Department of Physis, University of Oslo, Oslo, Norway8) University of the West of Sotland, Pisley, UK9) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland10) Department of Partile Physis, Weizmann Institute of Siene, Rehovot, Israel11) Department of Physis, University of York, York, UK12) Department of Physis, University of Jyväskylä, Finland13) Physik Department E12, Tehnishe Universität Münhen, Garhing, GermanyAlmost three deades ago, isotope shift measurements [1℄ observed a sharp shapetransition in the light merury isotopes. Still, the phenomenon of shape oexistene inthese heavy nulei is not fully understood. In light even-mass merury isotopes it issuggested that a weakly deformed oblate ground state band (β2 ≈-0.15) oexists with amore deformed (β2 ≈0.25) prolate band that is assoiated with proton pair exitationsaross the Z=82 shell [2,3℄. In spite of the large body of data supporting the oexisteneof di�erent shapes at low exitation energies in merury isotopes, little is known abouttransitional and diagonal matrix elements of the exited states.Coulomb exitation at safe energies allows the investigation of the transitions betweenlow-lying states, revealing information on the mixing of di�erent bands. Pure beams of
182,184,186,188Hg were delivered by the ISOLDE-CERN radioative beam faility to a stableCd target (112Cd or 114Cd) plaed in the middle of the MINIBALL gamma spetrometerto indue Coulomb exitation. The intensities at the target position were 4.9 × 103 pps(182Hg), 1.0 × 105 pps (184Hg), 2.5 × 105 pps (186Hg) and 3.1 × 105 pps (188Hg).Observed de-exitation rates enable the transitional quadrupole matrix elements on-neting di�erent states to be extrated (see Fig. 1). Also the sign of the diagonal ma-trix element of the �rst exited 2+ state, ontaining the information about the nulearquadrupole deformation, ould be determined experimentally. In addition to the deay ofthe �rst 2+ state, transitions from the seond 2+2 , 4+1,2 and 0+2 states have been observed.Coulomb exitation data analysis is being �nalised.
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Figure 1: Total Doppler-orreted gamma-ray spetrum obtained for 182Hg.Bibliography[1℄ J. Bonn et al., Phys. Lett. B38 (1972) 308[2℄ W. Nazarewiz et al., Phys. Lett. B305 (1993) 195[3℄ R. Julin et al., J. Phys. G: Nul. Phys. 27 (2001) R109



66 HIL Annual Report 2010C.3 Polarisability of 6He from 6He+208Pb sattering at 22 MeVK. RusekHeavy Ion Laboratory, University of Warsaw, Warszawa, PolandThe e�etive interation between the two sattering nulei ould be written as a sumof a standard energy independent optial potential and a omplex term alled dynamipolarisation potential (DPP) that is reproduing e�ets of real and virtual proesses takingplae during the sattering. DPP potential ould be derived from the mirosopi analysisof the sattering performed by means of oupled-hannel alulations (CC). If the DPPis derived orretly, the simple optial model alulations with suh e�etive interationshould reprodue the original CC alulations.It was shown [1℄ that DPP's derived for weakly bound projetiles exhibit a universalradial dependene; their real parts (VDPP ) hange from repulsive to attrative with theinreased radius while the imaginary parts (WDPP ), lose to zero or even emissive atthe nulear surfae, are beoming absorptive at large distanes. If the Coulomb dipoleouplings dominate, the long range tail of the DPP should be well desribed by a lassialdipole orretion to the potential energy,
∆V = −

1

2
α
Z2e2

R4
(1)where the onstant α is the eletri dipole polarisability.The 6He + 208Pb elasti sattering data at 22 MeV [2℄ were analysed by CC alulationswith inluded ouplings to the α+2n ontinuum (Fig. 1) and DPP potential was derivedfrom the alulations by means of trivially equivalent method. The radial dependene ofDPP's real and imaginary omponents are plotted in Fig. 2 by the solid urves. The realomponent VDPP represents e�ets of virtual ouplings on elasti sattering (polarisability)while the imaginary omponent WDPP is responsible for the removal of 6He �ux due to

6He → α+2n breakup. The real omponent ould be well �tted at large projetile-targetseparations by Eq. 1 with α = 1.4 fm3 (dashed urve). The imaginary omponent is ofshorter range and ould not be well �tted by Eq. 1. In order to onvine the reader weplotted the dashed urve in Fig. 2 orresponding to α = 0.65 fm3.In summary, we have demonstrated that for weakly bound 6He the ouplings with the
α+2n ontinuum are dominated by the dipole exitations and that the dipole polarisabilityparameter derived from 6He + 208Pb elasti sattering at 22 MeV is equal to 1.4 fm3.Bibliography[1℄ K. Rusek, Eur. Phys. J. A41 (2009) 399[2℄ L. Aosta et al., submitted to Phys. Rev. C



HIL Annual Report 2010 67

 θc.m. (deg)

6
He + 

208
Pb, 22 MeV

σ 
/ σ

R

 dashed – OM with DPP

 solid – CC

0 50 100 150

 

0.0

0.5

1.0

1.5

 

Figure 1: Analysis of elasti sattering data by means of CC alulations. OM alulationswith the DPP derived from CC analysis give almost idential results. Experimental datafrom Ref [2℄.
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Figure 2: Dynami polarisation potential for 6He+208Pb derived from CC analysis ofelasti sattering data at 22 MeV (solid urves). The dashed urves show its approximationby lassial Coulomb form [1℄ with α = 1.4 fm3 (VDPP ) and α = 0.65 fm3 (WDPP ).



68 HIL Annual Report 2010C.4 Magneti moment measurement of the I=9 isomeri statein 128CsE. Grodner1 , Ch. Droste1 , M. Kisieli«ski2 ,3 , M. Kowalzyk1 ,2 , J. Mierzejewski1 ,2 ,S.G. Rohozi«ski4 , J. Srebrny2 , S. Aydin5 , E. Fiori6 , G. Georgiev6 , R. Lozeva6 ,F. Rehia5 , C. Ur51) Institute of Experimental Physis, University of Warsaw, Warszawa, Poland2) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland3) The A. Soªtan Institute for Nulear Studies, �wierk, Poland4) Institute of Theoretial Physis, University of Warsaw, Warszawa, Poland5) INFN, Laboratori Nationali di Legnaro, Legnaro, Italy6) CSNSM, CNRS-IN2P3 and Université Paris-Sud, Orsay, FraneThe yrast band of the 128Cs nuleus built on the I=9 isomeri state has aroused boththe theoretial and experimental interest for several years. The role of proton-neutroninteration together with triaxiality in signature inversion observed in the yrast bandhas been studied in Refs. [1, 2℄. The postulate of the triaxial deformation together withexperimental observation of another rotational band being similar to the yrast one [3℄has put the hiral interpretation of the 128Cs nuleus in favour. In the hiral senario aharateristi eletromagneti behaviour of the two partner bands has been predited inRef. [4℄. The DSA lifetime measurements of the rotational states belonging to the partnerbands reported in Ref. [5℄ on�rmed their hiral interpretation. Although the above-mentioned studies present a onsistent interpretation of the 128Cs struture, they are basedon elementary assumption of the πh11/2⊗ν−1h11/2 yrast I=9 band-head on�guration thathas not been on�rmed experimentally as yet. The idea of the hiral symmetry breakingallowed to explain the existene of two nearly degenerated rotational bands. In some aseshowever another interpretation of suh bands � based on the pseudo-symmetry � an beapplied [6℄ where other partile on�gurations of the yrast band-head are involved. In thisinterpretation the heads of the two rotational bands would have a partile on�gurationsof two lose lying Nilsson levels � the pseudo-spin doublet [7℄.The Time Dependent Perturbed Angular Distribution (TDPAD) method [8,9℄ was usedto determine the g-fator of the yrast I=9 band-head. In the measurements performedat IPN Orsay the 128Cs nuleus was produed in the 122Sn(10B,4n)128Cs reation at 55MeV beam energy. The pulsed beam was provided by the Tandem aelerator with 1ns pulses and 400 ns repetition period. The self supporting 122Sn target, 22 mg/m2thik, played simultaneously the role of a stopper for the reoils. The magneti �eld ofaround 7 kGauss attainable at the eletromagnet was magni�ed with help of the GAMIPEreation hamber of LNL Legnaro laboratory, equipped with one-shaped iron poles. Theuniformity of the magneti �eld and its value at the beam spot (of 1 mm2 size) equal 21460Gauss were measured before and after the experiment. Aording to the theoretiallyexpeted magneti moment of the I=9 isomeri state, suh magneti �eld should give aspin preession period around 100 ns.Two Low-Energy Photon Spetrosopi (LEPS) detetors of Laboratori Nazionali diLegnaro were plaed at angles ±45◦ with respet to the beam axis. The exellent time res-olution of the LEPS detetors vs. γ quanta energy is gained at the expense of registratione�ieny of high-energy eletromagneti radiation. Therefore two other Ge spetrometers� standard HPGe detetors with a beryllium window and 25% relative e�ieny � were



HIL Annual Report 2010 69plaed at angles ±135◦ to inrease the registration e�ieny for high-energy gammas.The I = 9 spin assignment for the yrast band-head (see Fig. 1) of 128Cs has beenproposed aording to the argument of the exitation energy systematis [3, 10℄. Thesame argument has been used for parity assignment. The even parity has been adoptedin Ref. [3℄ basing on the results of the onversion oe�ient measurement for 124Cs [11℄.By applying the time dependent perturbed angular orrelation method the giromag-neti fator g = 0.59(1) has been obtained. The magneti moment is the only experimentalquantity measured diretly for the I=9 isomeri level. The detailed paper presenting theexperiment together with theoretial evaluation is in preparation.
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Figure 1: Partial level sheme of 128Cs taken from Ref. [3℄. The 50 ns isomeri state isindiated in red. The bottoms of the partner bands are shown in blue frames.Bibliography[1℄ N. Tajima, Nul. Phys. A572 (1994) 365[2℄ Z.-C. Gao et al., Phys. Lett. B634 (2006) 195[3℄ T. Koike et al., Phys. Rev. C67 (2003) 044319[4℄ T. Koike et al., Phys. Rev. Lett. 93 (2004) 172502[5℄ E. Grodner et al., Phys. Rev. Lett. 97 (2006) 172501[6℄ D. Troltenier et al., Nul. Phys. A567 (1994) 591[7℄ H.-Q. Jin et al., Phys. Rev. B277 (1992) 387[8℄ A.Z. Hrynkiewiz Post�py Fizyki 11 (1960) 521[9℄ E. Matthias, T. Lundquist Nul. Inst. and Meth. 13 (1961) 356[10℄ Y. Liu et al., Phys. Rev. C54 (1996) 719[11℄ A. Gizon et al., Nul. Phys. A694 (2001) 63



70 HIL Annual Report 2010C.5 Determination of antioxidant properties of tea infusionsA. P�kal1 ,2 , M. Biesaga2 , K. Pyrzy«ska21) Heavy Ion Laboratory, University of Warsaw, Warszawa, Poland2) Faulty of Chemistry, University of Warsaw, Warszawa, PolandTea infusions, onsumed by two thirds of the world's population, are obtained fromthe leaves of one kind of a plant named Camellia sinensis. Tea leaves are primarilymanufatured as green, blak, or oolong, with blak tea representing approximately 80%of tea produts onsumed. They di�ering in appearane, organolepti taste, hemialontent as well as �avour due to their respetive fermentation proess. In reent years,tea is extensively investigated mainly regarding its in�uene on human health [1℄. Regularintake of tea is assoiated with an improved antioxidant status in vivo that may ontributeto lowering the risk of oronary heart disease, atheroslerosis, redued mutageniity andin�ammation [2℄.Polphenoli ompounds are known as good radial savengers. Tea is a rih soureof them. Antioxidant properties of water extrats of the ommerial bagged teas wereevaluated. To hek antioxidant ativity of tea infusion, total phenoli ontent by Folin-Cioalteu (F-C) assay, upri ion reduing apaity (CUPRAC) and DPPH radial methodwere used. The ontent of seleted �avonoids and phenoli aids was also determined byhigh-performane liquid hromatography with tandem mass spetrometry in the negativeeletrospray ionisation mode.In DPPH assay fruit teas showed slow antioxidant behaviour in omparison with blakones, but green teas were the best radial savengers. Fig. 1 shows that antioxidantproperties depending on the type of water used for brewing. For preparation of teainfusions three kinds of water were used: distilled water (pH 7.71), tap water from ourlaboratory (pH 8.09) and spring water (pH 8.72) from an underground soure in Warsaw(Poland). The in�uene of the type of water was visible also in ase of rest of all othertested teas, so we an suspet that it is related to the ontent of metal ions in infusions.Polyphenoli ompounds an helate metals and even reat with them [3℄.Infusions of green teas exhibit higher trolox equivalent antioxidant apaity (TEAC)values in CUPRAC method than blak and fruit teas; after inubation with reagents at50◦C all TEAC values inreased. Folin-Cioalteu researh researh exhibit the same orderof teas aording to higher antioxidant properties. HPLC analysis showed high level ofnaringin and hesperidin in fruit tea infusion. Jung et al. [4℄ found that supplementationwith hesperidin and naringin, both itrus bio�avonoids, signi�antly redued blood glu-ose, while the bone and lipid bene�ts of hesperidin make it an attrative dietary agent forthe management of the health of postmenopausal women [5℄. Blak tea infusion has highonentration of queretin, rutin and phenoli aids in ontrast to fruit teas. Green teasexhibit the highest level of atehins onentration, what makes it the best antioxidantfrom tested teas.Bibliography[1℄ A.B. Sharangi, Food Res. Inter. 42 (2009) 529[2℄ M.E Widlansky et al., Free Rad. Biol. Med. 38 (2005) 499
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Figure 1: Kineti of DPPH savenging for hosen fruit tea brewed in di�erent types ofwater.[3℄ A. P�kal, M. Biesaga, K. Pyrzy«ska, Biometals 24 (2011) 41[4℄ U.J. Jung, M.K. Lee, K.S Jeong, M.S. Choi, J. Nutr. 134 (2004) 249[5℄ M.N. Horajada et al., (2008) J. Appl. Physiol. 104 (2004) 648
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HIL Annual Report 2010 75D.1 Degrees and theses ompleted in 2010 or in progressD.1.1 Professor nominationsErnest Piaseki reeived the professor nomination from the President of the Republiof Poland on 3 Marh 2010D.1.2 DS theses of HIL sta� membersWojieh GawlikowizDynamial and statistial fragment prodution in heavy-ion ollisions at in-termediate energiesThesis defended on 14 June 2010D.1.3 PhD theses of students a�liated to 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 studied using Coulomb exi-tation methodSupervisor: dr hab. L. Pie«kowski. Thesis defended with honours on 7 Marh 2011Jan 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: 2012Grzegorz Jaworski, Faulty of Physis, Warsaw University of TehnologyModelowanie wieloelementowyh ukªadów detekyjnyh w badaniah strukturyegzotyznyh j¡der atomowyhModeling of multidetetor arrays in studies of exoti nulei strutureSupervisor: prof. dr hab. J. Kownaki. Expeted ompletion time: 2012Katarzyna Hady«ska-Kl�kBadanie struktury kolektywnej w izotopah wapnia metod¡ wzbudze« kulom-bowskihStudies of olletive struture in alium isotopes using Coulomb exitation methodSupervisor: prof. dr hab. M. Kii«ska-Habior. Expeted ompletion time: 2012Daniel Pi�tak, Institute of Radioeletronis, Warsaw University of TehnologyMetoda oeny jako±i wyników z eksperymentów wzbudze« kulombowskih zwykorzystaniem algorytmu genetyznegoEvaluation method based on a geneti algorithm for results of Coulomb exitation experi-mentsSupervisor: prof. dr hab. J. Wojiehowski. Expeted ompletion time: 2012



76 HIL Annual Report 2010D.1.4 DS theses based on experiments performed at HILStanisªaw Klizewski, The Henryk Niewodniza«ski Institute of Nulear Physis PAN,Kraków, Poland,Study of light and stable nulei with heavy ion reationsThesis defended on 17 May 2010D.1.5 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 on 16 April 2010Joanna Czub, Faulty of Physis, �wi�tokrzyska AademyBiologizne dziaªanie promieniowania o wysokim LETBiologial e�ets of radiation with high LET valueSupervisor: prof. dr hab. J. Braziewiz. Expeted ompletion time: 2011Izabela 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: 2012Urszula Ka¹mierzak, Faulty of Physis, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. Expeted ompletion time: 2014�ukasz Janiak, University of �ód¹Supervisor: prof. dr hab. J. Andrzejewski. Expeted ompletion time: 2014Justyna Samorajzyk, University of �ód¹Supervisor: prof. dr hab. J. Andrzejewski. Expeted ompletion time: 2014D.1.6 MS theses supervised by HIL sta� membersMikoªaj Tarhalski, Faulty of Physis, Warsaw University of TehnologyKorekja rozkªadu oporno±i wªa±iwej pªytek krzemowyh metod¡ lokalnegoneutronowego domieszkowaniaCorretion of resistivity of Si wafers using Seletive Transmutation DopingSupervisor: dr hab. A. Kordyasz. Thesis defended in 2010Grzegorz 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: 2011Mihalina Komorowska, Faulty of Physis, University of WarsawSupervisors: prof. M. Kii«ska-Habior, dr J. Srebrny. Expeted ompletion time: 2011
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D.1.7 Other BS and MS theses based on experiments performed at HILAgnieszka �ywno, Faulty of Physis, University of WarsawNowe tehnologie w budowie skanerów dla diagnostyki medyznejNew tehnologies for onstrution of medial diagnostis sannersSupervisor: dr hab. Z. Sze�i«ski. MS thesis defended in 2010Damian Karpi«ski, Faulty of Physis, University of WarsawBadanie korelaji k¡towyh kwantów gamma na wi¡ze i�»kih jonów jako¹ródªo informaji spektroskopowyhAngular orrelations of gamma rays measured in beam of heavy ions � a soure of spe-trosopi informationSupervisor: dr E. Grodner. MS thesis defended in 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. MS thesis defended in 2010Mihaª Czerwi«ski, Faulty of Physis, University of WarsawBadanie skutków biologiznyh promieniowania jonizuj¡egoBiologial e�ets of ionising radiationSupervisor: dr hab. Z. Sze�i«ski. BS thesis defended in 2010Onoufrios Sgouros, Physis Department, Univeristy of Ioannina, GreeeElasti sattering of 20Ne+28Si at 74 MeVSupervisor: prof. A. Pakou. Diploma thesis ompleted in 2011Vasileios Soukeras, Physis Department, Univeristy of Ioannina, GreeeReation studies of 20Ne+28Si at 74 MeVSupervisor: prof. A. Pakou. Diploma thesis ompleted in 2011Ilona Gªowaka, Faulty of Physis, University of WarsawSkutezno±¢ biologizna jonów w�gla w zastosowaniu do terapii nowotworówBiologial e�etiveness of arbon ions applied to aner therapySupervisor: dr hab. Z. Sze�i«ski. MS thesis, expeted ompletion time: 2011Maªgorzata �oniewska, Faulty of Physis, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. BS thesis, expeted ompletion time: 2011



78 HIL Annual Report 2010Aleksandra Rubin, Wojieh Pi¡tek, Faulty of Mathematis and Natural Sienes,Cardinal Stefan Wyszy«ski University in WarsawRównolegªe wyznazanie warto±i funkji elu z wykorzystaniem arhitekturyrozproszonejParallel determination of the objetive funtion value based on a distributed appliationstrutureSupervisors: prof. dr hab. J. Góreki, prof. dr hab. L. Soha.BS theses, expeted ompletion time: 2011Mihaª Czerwi«ski, Faulty of Physis, University of WarsawSupervisor: dr hab. Z. Sze�i«ski. MS thesis, expeted ompletion time: 2012D.2 SeminarsD.2.1 Seminars organised and o-organised by HILNulear Physis SeminarsSeminars organised jointly by the divisions of Nulear Physis, Nulear Spetrosopy andNulear Struture Theory of the Faulty of Physis, University of Warsaw, and Heavy IonLaboratory, University of WarsawWaldemar Urban (Faulty of Physis, Univ. of Warsaw/ILL Grenoble, Frane) 17 FebruaryTest symetrii tetrahedralnej w 156GdTest of tetrahedral symmetry in 156GdKrzysztof Rusek (HIL) 5 Marh�rodowiskowe � Narodowym? Tera¹niejszo±¢ i przyszªo±¢ �LCJ UWTowards National Laboratory: present status and future of HILSteven W. Yates (University of Kentuky, USA/TRIUMF, Canada) 10 MarhProbing nulear struture with fast neutronsJ. Srebrny (HIL) 24 MarhIzomer K w 132Ce. Wpªyw nieosiowego ksztaªtu j¡dra na osªabienie zysto±ilizby kwantowej K. Dowód experymentalny?K isomer in 132Ce. In�uene of non-axial nulear shape on weakening of the K numberforbiddenness. The experimental proof?Marek Olehowski (Faulty of Physis, University of Warsaw) 14 AprilCiemna materia � przegl¡d wyników do±wiadzalnyh i modeli teoretyznyhDark matter � an overview of experimental results and theoretial modelsMarek Demia«ski (Faulty of Physis, University of Warsaw) 23 AprilGwiazdy neutronowe z perspektywy JabªonnejNeutron stars from Jabªonna perspetive



HIL Annual Report 2010 79Jaek Dobazewski (Faulty of Physis, University of Warsaw,University of Jyväskylä, Finland) 28 AprilNowe idee w j¡drowyh zastosowaniah metody funkjonaªu g�sto±iNew ideas in the nulear energy density funtional approahAmnon Marinov (Jerusalem University, Izrael) 12 MayHigh spin super- and hyper-deformed isomeri states and long-lived super-heavy elements
Seminars �Nulear Physis in Mediine�Seminars organised jointly by the Heavy Ion Laboratory, University of Warsaw, and theDivision of Nulear Mediine, Medial University of WarsawZygmunt Sze�i«ski (Faulty of Physis, University of Warsaw) 4 MarhImpresje z warsztatów �Physis for Health in Europe�, CERN, 2�4 lutego 2010Impressions from the onferene �Physis for Health in Europe�, CERN, 2�4 February2010Ian Norton (Philips Health Care, Switzerland) 6 JulyRadiation Onology Imaging and Planning
HIL seminarsIvan Ivanenko (JINR Dubna, Russia) 4 FebruaryCompensation of the beam vertial defousing at the exit of U400 ylotronspiral in�etorYoshitaka Fujita (Osaka University, Japan) 26 MarhGamow-Teller transitions: vivid nulear weak proess in the Universe
D.2.2 External seminars given by the HIL sta�J. Sura 19 JanuaryThe Thomson Parabola Spetrometer as laser ion beam analyserSeminar of the Faulty of Physis, University of Messina, ItalyE. Piaseki 20 JanuaryRozkªady wysoko±i barier: pytania i odpowiedziFusion barrier distributions: questions and answersSeminar �Nulear Struture�, Faulty of Physis, University of Warsaw, Warsaw, Poland



80 HIL Annual Report 2010J. Choi«ski 1 FebruaryCentrum Badawzo-Produkyjne Radiofarmaeutyków w Uniwersyteie War-szawskimRadiopharmaeutials Prodution and Researh Centre at the University of WarsawMeeting of the National Atomi Energy Ageny Commissions: Commission for MedialAppliations of Ionising Radiation and Commission for Nulear and Radiation Chemistry,Gliwie, PolandL. Pie«kowski 22 FebruaryReaktory j¡drowe typu HTR jako skondensowane ¹ródªo iepªa. W stron� sy-nergii w�glowo-j¡drowejHTR nulear reators as a ompat energy soure. Towards nulear-oal synergyinvited talk at XIX Shool of Underground Exploitation, Kraków, PolandJ. Mierzejewski 19 MarhBadanie mehanizmu reakji niekompletnej fuzji � symulaje Monte-Carloi pomiary na wi¡ze Warszawskiego CyklotronuStudying the inomplete fusion reation mehanism � Monte-Carlo simulations and in-beam measurements at the Warsaw CylotronSeminar of the Nulear Physis Division, Faulty of Physis, University of Warsaw, War-saw, PolandM. Palaz 22 MarhNEDA simulations status reportNEDA ollaboration meeting, Legnaro, ItalyK. Rusek 23 MarhLaboratorium: tera¹niejszo±¢ i przyszªo±¢ �LCJ UWPresent status and future of HILSeminar of the Centre for Hadron Physis, Jagiellonian University, Kraków, PolandP. Napiorkowski 4 MayCoulomb exitation of the presumably super-deformed band in 42Ca: prelimi-nary results from the �rst AGATA Demonstrator experimentAGATA Physis Workshop, Istanbul, TurkeyJ. Srebrny 19 MayMehanism of weakening of the K-forbiddenness in 132Ce: triaxiality or s-band� yrast-band interation?Workshop on Nulear Isomers: Struture and Appliations, University of Surrey, Guild-ford, UKK. Hady«ska-Kl�k 21 MayWzbudzenie kulombowskie pasma przypuszzalnie superzdeformowanegow 42Ca. Wst�pne rezultaty pierwszego eksperymentu przeprowadzonego z wyko-rzystaniem spektrometru AGATA DemonstratorCoulomb exitation of the presumably super-deformed band in 42Ca � preliminary results



HIL Annual Report 2010 81from the �rst AGATA Demonstrator experimentSeminar of the Nulear Physis Division, Faulty of Physis, University of Warsaw, War-saw, PolandW. Gawlikowiz 26 MayDynamizna emisja fragmentów w zderzeniah i�»kojonowyhDynamial fragment emission in heavy ion ollisionsSeminar �Nulear Struture�, Faulty of Physis, University of Warsaw, Warsaw, PolandA. Kordyasz 2 JuneKrzemowy detektor wierzhoªkowy do identy�kaji pierwiastków superi�»kihSilion vertex detetor for superheavy elements identi�ationSeminar of the Division of Hot Matter, Jagiellonian University, Kraków, PolandJ. Kownaki 17 JuneDetekja materiaªów rozszzepialnyh u»ywaj¡ wi¡zek wysokoenergetyznyhfotonów (foto�ssion) w szzególno±i dzi�ki obserwaji neutronów opó¹nionyhDetetion of �ssile materials using beams of high-energy photons (photo�ssion) and fol-lowing delayed neutron emissionSeminar of the P-III Department, Soªtan Institute for Nulear Studies, �wierk, PolandG. Jaworski 21 JuneJak zbada¢ o± podwójnie magiznego?How to investigate a doubly-magi thing?Annual Symposium of the Faulty of Physis, Warsaw University of TehnologyA. P�kal 8 JulyZdolno±i antyutleniaj¡e ekstraktów z ró»nyh rodzajów herbatAntioxidant properties of various tea extrats8th Polish Conferene on Analytial Chemistry, Kraków, PolandK. Hady«ska-Kl�k 3 SeptemberCoulomb exitation of the presumably super-deformed band in 42Ca �preliminary results from the �rst AGATA Demonstrator experiment45th Zakopane Conferene on Nulear Physis �Extremes of the Nulear Landsape�,Zakopane, PolandK. Wrzosek-Lipska 3 SeptemberCoulomb exitation of 100Mo45th Zakopane Conferene on Nulear Physis �Extremes of the Nulear Landsape�,Zakopane, PolandP. Napiorkowski 8 SeptemberTests of ubi 2×2×2 LaBr3 in Craow and in WarsawPARIS ollaboration meeting, Orsay, Frane



82 HIL Annual Report 2010J. Jastrz�bski 9 SeptemberMetody wytwarzania radiofarmaeutyków dla tomogra�i pozytonowejMethods for prodution of radiopharmaeutials for positron emission tomographyinvited talk at XII Sienti� Convention of the Polish Soiety of Nulear Mediine,Wroªaw, PolandA. Stolarz 17 SeptemberHydrogen-rih thin layers25th INTDS World Conferene, TRIUMF, Vanouver, CanadaA. Stolarz 17 SeptemberTarget set-up for measurements with Si-ball25th INTDS World Conferene, TRIUMF, Vanouver, CanadaL. Pie«kowski 24 SeptemberKogeneraja j¡drowaNulear ogenerationInternational Conferene �Nulear Energy: Tehnologies, Investments�, Warszawa, PolandK. Wrzosek-Lipska 25 SeptemberShape evolution in even-even Mo isotopes studied via Coulomb exitationinvited talk at XVII Nulear Physis Workshop �Marie & Pierre Curie�, Kazimierz Dolny,PolandJ. Srebrny 25 SeptemberModel independent determination of quadrupole deformation parameters fromCoulomb exitation measurementsinvited talk at XVII Nulear Physis Workshop �Marie & Pierre Curie�, Kazimierz Dolny,PolandK. Hady«ska-Kl�k 25 SeptemberCoulomb exitation of the presumably super-deformed band in 42Ca � prelim-inary results from the �rst AGATA Demonstrator experimentXVII Nulear Physis Workshop �Marie & Pierre Curie�, Kazimierz Dolny, PolandM. Palaz 4 NovemberStatus of NEDA simulationsNEDA ollaboration meeting, IFIC Valenia, SpainM. Palaz 4 NovemberSpetrosopy next to 100Sn: 3n gating and where is 100InNEDA ollaboration meeting, IFIC Valenia, SpainG. Jaworski 4 NovemberFirst experimental validation of NEDA simulationsNEDA ollaboration meeting, IFIC Valenia, Spain



HIL Annual Report 2010 83G. Jaworski 4 NovemberSingle NEDA detetor simulation: size, and BC501A vs. BC537NEDA ollaboration meeting, IFIC Valenia, SpainK. Hady«ska-Kl�k 24 November
42Ca COULEX � urrent status of the data analysis10th AGATA Week, IPN Lyon, FraneM. Palaz 25 NovemberStatus of NEDA simulations10th AGATA Week, IPN Lyon, FraneD.2.3 Poster presentationsK. Kilian, A. P�kalOznazanie pozostaªo±i rozpuszzalników organiznyh w radiofarmaeutykahPET statyzn¡ metod¡ Headspae GCMeasuring traes of organi solvants in PET radiopharmaeutials using stati HeadspaeGC method8th Polish Conferene on Analytial Chemistry, 4�9 July 2010, Kraków, PolandG. JaworskiOptimizing the neutron detetion apabilities of NEDA � the Neutron Dete-tor Array for spetrosopy studies45th Zakopane Conferene on Nulear Physis �Extremes of the Nulear Landsape�,30 August � 5 September, Zakopane, PolandD. Pi�takAn appliation of geneti algorithm to the COULEX data analysis45th Zakopane Conferene on Nulear Physis �Extremes of the Nulear Landsape�,30 August � 5 September, Zakopane, PolandD. Pi�takStatistial distribution of the geneti algorithm sampling with Shwefel's F7objetive funtion7th IEEE International Conferene on Signals and Eletroni Systems � ICSES 2010,7�10 September 2010, Gliwie, PolandA. P�kalBiopolifenole w ekstraktah z herbatBiopolyphenols in tea extratsV Conferene �Analytial Appliations of Liquid Chromatography�, 14�15 Otober 2010,Warszawa, Poland



84 HIL Annual Report 2010K. KilianPraownia 11C i 15OLaboratory of 11C and 15OIII CePT Sienti� Conferene, 4 November 2010, Warszawa, PolandD.2.4 Siene popularisation leturesP. Napiorkowski 19 MayRzez o PETAll about PETLeture losing the �EUREKA� ompetition for seondary shools, Warszawa, PolandK. Kilian 19 MayDiagnostyka medyznaMedial diagnostisLeture losing the �EUREKA� ompetition for seondary shools, Warszawa, PolandP. Napiorkowski 31 MayWarszawski yklotron: o to i po o?Warsaw Cylotron: what is it and what does it serve for?Leture at the sienti� amp of the Polish Children's Fund, �wider, PolandK. Kilian 20 SeptemberZastosowania �zyki j¡drowej w diagnostye medyznejNulear physis appliations for medial diagnostisXIV Festival of Siene, 18�26 September 2010, Warszawa, PolandJ. Srebrny (moderator) 20 SeptemberFizyka j¡drowa � przeszªo±¢, tera¹niejszo±¢ i przyszªo±¢Nulear physis � past, present and futurePanel disussion at the XIV Festival of Siene, 18�26 September 2010, Warszawa, PolandL. Pie«kowski 21 SeptemberCzym poleie¢ na Marsa?How to reah Mars?XIV Festival of Siene, 18�26 September 2010, Warszawa, PolandJ. Jastrz�bski, K. Kilian (moderators) 21 SeptemberFizyka j¡drowa w medyynie � radiofarmaeutyki, PET i terapia hadronowaNulear physis in mediine � radiopharmaeutials, PET and hadronotherapyPanel disussion at the XIV Festival of Siene, 18�26 September 2010, Warszawa, PolandL. Pie«kowski (moderator) 22 SeptemberEnergetyka j¡drowa � zym fasynuje, a zym niepokoi?Nulear energy � what is so fasinating and sary about it?Panel disussion at the XIV Festival of Siene, 18�26 September 2010, Warszawa, Poland



HIL Annual Report 2010 85P. Napiorkowski 24 SeptemberFizyka dla bramkarzyPhysis for goalkeepersXIV Festival of Siene, 18�26 September 2010, Warszawa, PolandP. Napiorkowski, K. Hady«ska-Kl�k 24 SeptemberRadioaktywne materiaªy � naturalne skªadniki ZiemiRadioative materials � natural Earth omponentsResearhers' Night, 24 September 2010, Warszawa, PolandD.2.5 Letures for studentsG. Jaworski 11 January�rodowiskowe Laboratorium Ci�»kih JonówPresentation of the Heavy Ion LaboratoryFaulty of Physis (IV year), Warsaw University of Tehnology, Warszawa, PolandK. Kilian 25 MarhRadiofarmaeutyki do pozytronowej tomogra�i emisyjnej (PET). Nowe mo»li-wo±i dla nauki, ohrony zdrowia i przemysªuRadiopharmaeutials for Positron Emission Tomography (PET). New perspetives forsiene, health are and industryFaulty of Biology (II year), University of Warsaw, Warszawa, PolandK. Kilian 30 AprilRadiofarmaeutyki do pozytronowej tomogra�i emisyjnej (PET). Nowe mo»li-wo±i dla nauki, ohrony zdrowia i przemysªuRadiopharmaeutials for Positron Emission Tomography (PET). New perspetives forsiene, health are and industryMedial College in Radom (I,II year), Radom, PolandM. Zieli«ska 24 May�rodowiskowe Laboratorium Ci�»kih JonówPresentation of the Heavy Ion LaboratoryFaulty of Physis, Astronomy and Informatis (I year), Niolaus Copernius University,Toru«, PolandM. Zieli«ska 14�21 JuneCoulomb exitation data analysis using the GOSIA odeOliver Lodge Laboratory, University of Liverpool, UKK. Kilian 27 NovemberRadiofarmaeutyki do pozytronowej tomogra�i emisyjnej (PET)Radiopharmaeutials for Positron Emission Tomography (PET)Students' Sienti� Assoiation, Faulty of Physis, Uniwersity of Warsaw, Warszawa,Poland



86 HIL Annual Report 2010K. Rusek 6�10 DeemberNulear reations on a omputerFaulty of Physis, Al-Farabi Kazakh National University, Almaty, KazakhstanK. Kilian 10 DeemberRadiofarmaeutyki do pozytronowej tomogra�i emisyjnej (PET)Radiopharmaeutials for Positron Emission Tomography (PET)Faulty of Physis (IV year), Warsaw University of Tehnology, Warszawa, PolandM. Palaz 10 Deember�rodowiskowe Laboratorium Ci�»kih JonówPresentation of the Heavy Ion LaboratoryFaulty of Physis (IV year), Warsaw University of Tehnology, Warszawa, PolandK. Kilian 12 DeemberRadiofarmaeutyki do pozytronowej tomogra�i emisyjnej (PET)Radiopharmaeutials for Positron Emission Tomography (PET)Faulty of Physis (III year), Warsaw University of Tehnology, Warszawa, PolandD.3 Involvement of the HIL sta� in organisation of onferenesand workshops4th International Freiberg Conferene on IGCC & XtL Tehnologies2�6 May 2010, Dresden, GermanyMember of the Advisory Board: L. Pie«kowski25th INTDS World Conferene12�17 September 2010, TRIUMF, Vanouver, CanadaMember of the Sienti� Advisory Committee: A. StolarzXVII Nulear Physis Workshop �Marie & Pierre Curie�22�26 September 2010, Kazimierz Dolny, PolandMember of the Advisory Board: J. SrebrnyMember of the Loal Organising Committee: M. Zieli«skaXIV Festival of Siene18�26 September 2010, Warszawa, PolandLoal Coordinator: K. Hady«ska-Kl�kResearhers' Night24 September 2010, Warszawa, PolandLoal Coordinator: K. Hady«ska-Kl�k



HIL Annual Report 2010 875th International Conferene on High Temperature Reator TehnologyHTR 201018�20 Otober 2010, Prague, Czeh RepubliMember of the International Organising Committee: L. Pie«kowskiVI Polish Workshop on Aeleration and Appliations of Heavy Ions24�30 Otober 2010, Heavy Ion Laboratory, Warszawa, PolandLoal Organising Committee: P. Napiorkowski, A. Trzi«skaIII CePT Sienti� Conferene4 November 2010, Warszawa, PolandMember of the Loal Organising Committee: K. KilianD.4 PubliationsD.4.1 ISI listed publiationsPubliations resulting from work performed with HIL failitiesJ. Kownaki, C. Droste, T. Morek, E. Ruhowska, M. Kisieli«ski, M. Kowalzyk,R.M. Lieder, J. Perkowski, J. Andrzejewski, P.J. Napiorkowski, K. Wrzosek-Lipska,M. Zieli«ska, A. Kordyasz, A. Korman, W. Czarnaki, K. Hady«ska-Kl�k, E. Grodner,J. Srebrny, J. Mierzejewski, A. Król,Nulear spetrosopy above isomers in 148Ho81 and 149Ho82 nulei: Searh forore-exited states in 149HoPhys. Rev. C81 (2010) 044305A.T. Rudhik, Y.O. Shyrma, K.W. Kemper, K. Rusek, E.I. Koshhy, S. Klizewski,B.G. Novatsky, O.A. Ponkratenko, E. Piaseki, G.P. Romanyshyna, Y.M. Stepanenko,I. Strojek, S.B. Sakuta, A. Budzanowski, L. Gªowaka, I. Skwirzy«ska, R. Siudak,J. Choi«ski, A. Szzurek,Isotopi e�ets in elasti and inelasti 12C+16 ,18O satteringEur. Phys. J. A44 (2010) 221A. Wieloh, Z. Sosin, P. Banka, A. Goniarz, J. Peter, A. Drouart, R. Dayras,K. �ojek, C. Stodel, M. Adamzyk, B. Avez, P. Lasko, L. Zosiak, T. Kozik,N. Alamanos, A. Gillibert, S. Grevy, F. Hanappe, F. Hannahi, R. Hue, A. Khouaja,A. Lopez-Martens, L. Mandui, F. de Oliveira Santos, G. Politi, M.G. Saint-Laurent,L. Stuttge, C. Vandamme, J.P. Wielezko, E. Piaseki, A. Trzi«ska, W. Gawlikowiz,M. Kisieli«ski, M. Kowalzyk, A. Kordyasz, J. Bªoki,New detetor system for super heavy elements detetionInt. J. Mod. Phys. E19 (2010) 672J. Braziewiz, M. Polasik, K. Sªabkowska, U. Majewska, D. Bana±, M. Jaskóªa,A. Korman, K. Kozioª, W. Kretshmer, J. Choi«ski,Equilibrium K-, L-, and M-shell ionizations and harge-state distribution ofsulfur projetiles passing through solid targetsPhys. Rev. A82 (2010) 022709



88 HIL Annual Report 2010Publiations resulting from work performed with failities outside HILA. Trzi«skaAntiprotoni atoms as a tool to study the nulear peripheryAta Phys. Pol. B41 (2010) 311K. Shmidt, A. Benisz, A. Bubak, A. Grzeszzuk, S. Kowalski, W. Zipper, F. Amorini,A. Anzalone, L. Auditore, V. Baran, J. Brzyhzyk, G. Cardella, S. Cavallaro,M.B. Chatterjee, M. Colonna, E. DeFilippo, M. DiToro, W. Gawlikowiz, E. Gerai,P. Guazzoni, E. La Guidara, G. Lanzalone, J. �ukasik, C. Maiolino, Z. Majka, N. Niolis,A. Pagano, M. Papa, E. Piaseki, S. Pirrone, R. Pªaneta, G. Politi, F. Porto, F. Rizzo,P. Russotto, K. Siwek-Wilzy«ska, I. Skwira-Chalot, A. Sohoka, �. �widerski, A. Tri�ro,M. Trimarhi, J.P. Wielezko, J. Wilzy«ski, L. ZettaLight fragments prodution and isospin dependenes in Sn+Ni and Sn+Alentral ollisions at 25 MeV/A and 35 MeV/A from REVERSE/ISOSPINexperimentsAta Phys. Pol. B41 (2010) 387J. Benlliure, D. Dragosava, D. Perez-Loureiro, H. Alvarez-Pol, B. Blank, E. Casarejos,V. Fohr, M. Gason, W. Gawlikowiz, A. Heinz, K. Helariutta, S. Luki, F. Montes,L. Pie«kowski, M. Staniou, K. Suboti, K. Summerer, J. Taieb, A. Trzi«ska, M. Veselsky,Investigating the radial distributions of medium-mass nuleiNul. Phys. A834 (2010) 467M. Shek, T. Grahn, A. Petts, P.A. Butler, A. Dewald, L.P. Ga�ney, M.B. GomezHornillos, A. Görgen, P.T. Greenlees, K. Helariutta, J. Jolie, P. Jones, R. Julin,S. Juutinen, S. Ketelhut, T. Kröll, R. Krüken, M. Leino, J. Ljungvall, P. Maierbek,B. Melon, M. Nyman, R.D. Page, J. Pakarinen, E.S. Paul, T. Pissulla, P. Rahkila, J. Saren,C. Sholey, A. Semhenkov, J. Sorri, J. Uusitalo, R. Wadsworth, M. Zieli«ska,Lifetimes of odd-spin yrast states in 182HgPhys. Rev. C81 (2010) 014310W. Gawlikowiz, D.K. Agnihotri, S.A. Baldwin, W.U. Shroder, J. Toke, R.J. Charity,D.G. Sarantites, L.G. Sobotka, R.T. Desouza, T. Barzyk, K. Grotowski, S. Miek,R. Pªaneta, Z. Sosin,Correlations between reation produt yields as a tool for probing heavy-ionreation senariosPhys. Rev. C81 (2010) 014604J. Wilzy«ski, I. Skwira-Chalot, K. Siwek-Wilzy«ska, A. Pagano, F. Amorini,A. Anzalone, L. Auditore, V. Baran, J. Brzyhzyk, G. Cardella, S. Cavallaro,M.B. Chatterjee, M. Colonna, E. De Filippo, M. Di Toro, W. Gawlikowiz, E. Gerai,A. Grzeszzuk, P. Guazzoni, S. Kowalski, E. La Guidara, G. Lanzalone, J. �ukasik,C. Maiolino, Z. Majka, N.G. Niolis, M. Papa, E. Piaseki, S. Pirrone, R. Pªaneta,G. Politi, F. Porto, F. Rizzo, P. Russotto, K. Shmidt, A. Sohoka, �. �widerski,A. Tri�ro, M. Trimarhi, J.P. Wielezko, L. Zetta, W. Zipper,Observation of fast ollinear partitioning of the 197Au+197Au system into threeand four fragments of omparable sizePhys. Rev. C81 (2010) 024605



HIL Annual Report 2010 89K. Zerva, A. Pakou, K. Rusek, N. Patronis, N. Alamanos, X. Aslanoglou, D. Filipesu,T. Glodariu, N. Keeley, M. Kokkoris, M. La Commara, A. Lagoyannis, M. Mazzoo,N.G. Niolis, D. Pierroutsakou, M. Romoli,Probing the potential and reation oupling e�ets of 6 ,7Li+28Si at sub- andnear-barrier energies with elasti baksatteringPhys. Rev. C81 (2010) 044607J. Ljungvall, A. Görgen, A. Obertelli, W. Korten, E. Clément, G. de Frane, A. Bürger,J.P. Delarohe, A. Dewald, A. Gadea, L. Gaudefroy, M. Girod, M. Hakstein, J. Libert,D. Mengoni, F. Nowaki, T. Pissulla, A. Poves, F. Rehia, M. Rejmund, W. Rother,E. Sahin, C. Shmitt, A. Shrivastava, K. Sieja, J.J. Valiente-Dobon, K.O. Zell,M. Zieli«ska,Onset of olletivity in neutron-rih Fe isotopes: Toward a new island ofinversion?Phys. Rev. C81 (2010) 061301P. Russotto, E. De Filippo, A. Pagano, E. Piaseki, 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. Chatterjee, A. Chbihi, M. Colonna,M. D'Agostino, R. Dayras, M. Di Toro, J. Frankland, E. Galihet, W. Gawlikowiz,E. Gerai, F. Giustolisi, A. Grzeszzuk, P. Guazzoni, D. Guinet, S. Kowalski, E. LaGuidara, G. Lanzalone, G. Lanzano, N. Le Neindre, C. Maiolino, Z. Majka, M. Papa,M. Petrovii, S. Pirrone, R. Pªaneta, G. Politi, A. Pop, F. Porto, M.F. Rivet, F. Rizzo,E. Rosato, K. Shmidt, K. Siwek-Wilzy«ska, I. Skwira-Chalot, A. Tri�ro, M. Trimarhi,M. Vigilante, J.P. Wielezko, J. Wilzy«ski, L. Zetta, W. Zipper,Strong enhanement of dynamial emission of heavy fragments in theneutron-rih 124Sn+64Ni reation at 35 AMeVPhys. Rev. C81 (2010) 064605J. Wilzy«ski, I. Skwira-Chalot, K. Siwek-Wilzy«ska, A. Pagano, F. Amorini,A. Anzalone, L. Auditore, V. Baran, J. Brzyhzyk, G. Cardella, S. Cavallaro,M.B. Chatterjee, M. Colonna, E. De Filippo, M. Di Toro, W. Gawlikowiz, E. Gerai,A. Grzeszzuk, P. Guazzoni, S. Kowalski, E. La Guidara, G. Lanzalone, J. �ukasik,C. Maiolino, Z. Majka, N.G. Niolis, M. Papa, E. Piaseki, S. Pirrone, R. Pªaneta,G. Politi, F. Porto, F. Rizzo, P. Russotto, K. Shmidt, A. Sohoka, �. �widerski,A. Tri�ro, M. Trimarhi, J.P. Wielezko, L. Zetta, W. Zipper,Aligned breakup of heavy nulear systems as a new type of deep inelastiollisions at small impat parametersPhys. Rev. C81 (2010) 067604N. Keeley, N. Alamanos, K.W. Kemper, K. Rusek,Strong nulear ouplings as a soure of Coulomb rainbow suppressionPhys. Rev. C82 (2010) 034606



90 HIL Annual Report 2010A.M. Brue, S. Lalkovski, A.M.D. Baelar, M. Górska, S. Pietri, Z. Podolyak,Y. Shi, P.M. Walker, F.R. Xu, P. Bednarzyk, L. Caeres, E. Casarejos, I.J. Cullen,P. Doornenbal, G.F. Farrelly, A.B. Garnsworthy, H. Geissel, W. Gelletly, J. Gerl,J. Gr�bosz, C. Hinke, G. Ilie, G. Jaworski, I. Kojouharov, N. Kurz, S. Myalski, M. Palaz,W. Prokopowiz, P.H. Regan, H. Sha�ner, S. Steer, S. Tashenov, H.J. Wollersheim,Shape oexistene and isomeri states in neutron-rih 112T and 113TPhys. Rev. C82 (2010) 044312A. Ekström, J. Cederkäll, C. Fahlander, M. Hjorth-Jensen, T. Engeland, A. Blazhev,P.A. Butler, T. Davinson, J. Eberth, F. Finke, A. Görgen, M. Górska, A.M. Hurst,O. Ivanov, J. Iwaniki, U. Köster, B.A. Marsh, J. Mierzejewski, P. Reiter, S. Siem,G. Sletten, I. Stefanesu, G.M. Tveten, J. Van de Walle, D. Voulot, N. Warr, D. Weisshaar,F. Wenander, M. Zieli«ska,Coulomb exitation of the odd-odd isotopes 106 ,108InEur. Phys. J. A44 (2010) 355D.4.2 Other onferene ontributionsA.J. Kordyasz, M. Kowalzyk, A. Bednarek, L. Bardelli, R. Bougault, L. Lavergne,J. Sarneki, M. Kisieli«ski, A. Brzozowski, K. Pytel, M. Tarhalski, J. Tarasiuk,P. Grabie, A. Panas,Determination of Si wafer resistivity distribution by C-V measurementsProeedings of Siene (RD09) 016D.4.3 Internal reportsM. Kopka, P. Krysiak, W. Kozazka Z. Morozowiz, K. PietrzakInstrukje wykonywania poª¡ze« rezerwowyh rozdzielni gªównyh w budynku�LCJRealisation of reserve onnetions to the main swithboards � manualM. Kopka, P. Krysiak, W. Kozazka, Z. Morozowiz, K. PietrzakProjekt powykonawzy. Budowa ukªadu wentylaji pomieszzenia kompresorniAs-built design for mehanial ventilation system at the ompressor aveM. Kopka, W. KozazkaPomiary parametrów siei energetyznej zasilaj¡ej Generatory W. Cz.Measurements of the parameters of the eletri power system of high frequeny generatorsM. Kopka, W. KozazkaProjekt i wykonanie elektromagnesów korekyjnyh dla ECRDesign and onstrution of the dipole eletromagnets for the ECR beam lineM. Kopka, P. Krysiak, Z. Morozowiz, K. PietrzakProjekt powykonawzy. Budowa dodatkowyh uziomów �LCJAs-built design for additional earth eletrodes of the HIL building



HIL Annual Report 2010 91M. KopkaModernizaja rozdzielni RG I, RG II i RG III w elu zwi�kszenia i¡gªo±izasilania �LCJ i O±rodka PETModernisation of the RG I, RG II i RG III swithboards neessary for uninterruptedfuntioning of HIL and of the PET Centre



92 HIL Annual Report 2010D.5 AwardsD.5.1 Heavy Ion Laboratory Prize founded by Prof. T. InamuraThe prize was established by Professor T.T. Inamura who had worked in the HeavyIon Laboratory in years 1998-2002 and made a great ontribution to HIL development.Award in the amount of 5.000 USD is granted every seond year to reognise and supportyoung researhers having outstanding experimental or tehnial ahievements in the �eldof nulear and atomi physis or related subjets. The results should be obtained by usingthe Warsaw Cylotron or other HIL apparatus. Candidates must be sientists or PhDstudents below the age of 36 on the day of appliation. The most important seletionriterion is the andidate's aademi ahievement demonstrated by publiations in theinternational journals and presentations at international onferenes. Ahievements inthe �eld of interdisiplinary appliations of the HIL ylotron are highly valued.In the fourth edition, in 2010, the Heavy Ion Laboratory Prize has been awarded toKatarzyna Wrzosek-Lipska (HIL) for her ahievements in the �eld of nulear struture,in partiular studies of shape oexistene in the heaviest stable 100Mo isotope, performedat HIL using the Coulomb exitation tehnique.D.5.2 Other awards granted to HIL sta� and PhD studentsKatarzyna Hady«ska-Kl�kResearh sholarship for aademi year 2010/2011 from the �PhD for Mazovia� projet,funded by the European Soial Fund in the framework of the Human Capital programme.The sholarships were awarded to the best PhD students at the University of Warsaw,pursuing researh important for the industry of the Mazovia region.Grzegorz JaworskiResearh sholarship for PhD students granted by the Center for Advaned Studies,Warsaw University of Tehnology, for 24 months sine 1 Otober 2010. The sholarshipis funded be the European Soial Fund and the Polish government and is awarded to thebest PhD students of the Warsaw University of Tehnology, pursuing researh in branhesimportant for eonomy.Katarzyna Wrzosek-LipskaConferene grant from the Foundation for Polish Siene, to over partiipation in theZakopane Conferene on Nulear Physis, 30 August-5 September 2010, Zakopane, PolandMagdalena Zieli«skaResearh sholarship for aademi year 2009/2010 from the �Modern University� projet,funded by the European Soial Fund in the framework of the Human Capital programme.The sholarships were awarded to the best young post-dos at the University of Warsaw.International internship for a young post-do at the University of Liverpool, from the�Modern University� projet, funded by the European Soial Fund in the framework ofthe Human Capital programme.



HIL Annual Report 2010 93D.6 Laboratory sta�Diretor: Krzysztof RusekDeputy diretors: Jarosªaw Choi«ski, Magdalena Zieli«skaFinanial exeutive: Paweª NapiorkowskiSenior sientists:Jerzy Jastrz�bski, Jan Kownaki1, Andrzej Kordyasz, Ernest Piaseki1,Ludwik Pie«kowski, Krzysztof Rusek, Józef SuraSienti� sta� and engineers:Tomasz Abraham, Andrzej Bednarek, Izabela Cydzik2, Jarosªaw Choi«ski,Bohdan Filipiak1, Wojieh Gawlikowiz3, Przemysªaw Gmaj, J�drzej Iwaniki2,Andrzej Jakubowski, Viatheslav Khrabrov, Krzysztof Kilian, Maiej Kisieli«ski1,Marian Kopka, Mihaª Kowalzyk1, Janusz Kurzy«ski1, Ireneusz Mazur,Jan Mierzejewski, Jan Miszzak, Paweª Napiorkowski, Marin Palaz, Anna P�kal1,Daniel Pi�tak, Mateusz Sobolewski, Olga Stezkiewiz, Anna Stolarz, Julian Srebrny1,Dorota Szzepaniak, Roman Ta«zyk, Radosªaw Tarnowski, Agnieszka Trzi«ska,Jan Tys1, Marzena Woli«ska-Cihoka2, Magdalena Zieli«skaDotoral andidates:Katarzyna Hady«ska-Kl�k4, Grzegorz Jaworski5, Jan Mierzejewski4, Daniel Pi�tak6,Katarzyna Wrzosek-Lipska4Tehniians:Mariusz Antzak, Tomasz Braha, Marek Figat, Andrzej Góreki, Piotr Jasi«ski,Wiesªaw Kalisiewiz, Wojieh Kozazka, Zbigniew Kruszy«ski, Piotr Krysiak,Krzysztof �ab�da-Dyszy, Zygmunt Morozowiz, Bogusªaw Paprzyki,Wiesªaw Perkowski1, Andrzej Pietrzak, Krzysztof Pietrzak, Ryszard Pozorek,Irena Skrzezanowska, Krzysztof SosnowskiAdministration and support:Anna Bªaszzyk-Duda, Marek Budziszewski, Rafaª Kl�k, Agnieszka Maiejewska,Ewa Soba«ska, Lidia Strzelzyk, Krystyna Szzepaniak, Iwona Tomaszewska,Joanna Wasilewska, Wanda Wesoªy, Andrzej Wiehowski, Irena �ejmo11part time2on long term leave3till 30 September 20104PhD student at the Institute of Experimental Physis, University of Warsaw5PhD student at the Faulty of Physis, Warsaw University of Tehnology6PhD student at the Department of Eletronis and Information Tehnology, Warsaw University ofTehnology



94 HIL Annual Report 2010D.7 Laboratory Counil1. Prof. dr hab. Józef AndrzejewskiNulear Physis Division,University of �ód¹90-236 �ód¹, ul. Pomorska 149/1532. Prof. dr hab. Janusz BraziewizInstitute of Physis,Jan Kohanowski University25-406 Kiele, ul. �wi�tokrzyska 153. Prof. dr hab. in». Andrzej ChmielewskiInstitute of Nulear Chemistryand Tehnology03-195 Warszawa, ul. Dorodna 164. Prof. dr hab. in». Jaek JagielskiInstitute of Eletroni Materialsand Tehnology01-919 Warszawa, ul. Wólzy«ska 1335. Prof. dr hab. Jerzy Jastrz�bskiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A6. Prof. dr hab. Marta Kii«ska-HabiorUniversity of Warsaw00-681 Warszawa, ul. Ho»a 697. in». Marian Kopka(representative of the HIL sta�)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A8. Prof. dr hab. Paweª KuleszaFaulty of Chemistry,University of Warsaw02-093 Warszawa, ul. Pasteura 19. Prof. dr hab. in». Tadeusz KulikWarsaw University of Tehnology00-661 Warszawa, pl. Politehniki 110. Prof. dr hab. Adam MajThe Henryk Niewodniza«skiInstitute of Nulear Physis,Polish Aademy of Sienes31-342 Kraków, ul. Radzikowskiego 15211. Dr hab. Sªawomir NazarewskiMedial University of Warsaw02-091 Warszawa, ul. �wirki i Wigury 61

12. Prof. dr hab. Paweª OlkoThe Henryk Niewodniza«skiInstitute of Nulear Physis,Polish Aademy of Sienes31-342 Kraków, ul. Radzikowskiego 15213. Prof. dr hab. Marek PfutznerFaulty of Physis, University of Warsaw00-681 Warszawa, ul. Ho»a 6914. Prof. dr hab. Ernest PiasekiHeavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A15. Dr hab. Ludwik Pie«kowski(Chairman of the Counil)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A16. Prof. dr hab. Krzysztof PomorskiMaria Curie-Skªodowska University20-031 Lublin, ul. Radziszewskiego 1017. Prof. dr hab. Krzysztof Rusek(Diretor of HIL)Heavy Ion Laboratory,University of Warsaw02-093 Warszawa, ul. Pasteura 5A18. Prof. dr hab. Teresa Rz¡a-UrbanFaulty of Physis, University of Warsaw00-681 Warszawa, ul. Ho»a 6919. Prof. dr hab. Adam SobizewskiThe Andrzej Soªtan Institutefor Nulear Studies00-681 Warszawa, ul. Ho»a 6920. Prof. dr hab. Henryk SzymzakInstitute of Physis,Polish Aademy of Sienes02-668 Warszawa, Al. Lotników 32/4621. Prof. dr hab. Grzegorz WrohnaThe Andrzej Soªtan Institutefor Nulear Studies05-400 �wierk k/Warszawy22. Prof. dr hab. Wiktor ZipperA. Cheªkowski Institute of PhysisUniversity of Silesia40-007 Katowie, ul. Uniwersyteka 4



HIL Annual Report 2010 95D.8 Program Advisory CommitteePAC members
• 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 is threeweeks before a PAC meeting. Due to a large baklog of approved experiments, there wasonly one PAC meeting in 2010, on 20 April. PAC approved experiments are sheduledat the meetings of the Users' Committee, whih is also serving as a link between theylotron users and the Laboratory. The Users' Committee is haired by Julian Srebrny(HIL UW).



96 HIL Annual Report 2010D.9 Laboratory guestsPartiipants of HIL experiments from outside-Warsaw laboratoriesJ. Andrzejewski University of �ód¹, PolandD. Bana± Holyross Caner Centre, Kiele, PolandJ. Braziewiz Jan Kohanowski University, Kiele, PolandJ. Czub Jan Kohanowski University, Kiele, PolandM. Duourtieux IPN Orsay, FraneL. Ga�ney University of Liverpool, UK�. Janiak University of �ód¹, PolandD. Judson University of Liverpool, UKM. Kasztelan The Andrzej Soªtan Institute for Nulear Studies, �ód¹, PolandP. Kozo« GSI Darmstadt, GermanyE. Koshhiy Kharkiv National University, UkraineA. Król University of �ód¹, PolandA. Pakou University of Ioannina, GreeeN. Patronis University of Ioannina, GreeeJ. Perkowski University of �ód¹, PolandJ. Samorajzyk University of �ód¹, PolandM. Shek University of Liverpool, UKA. Semsoum IPN Orsay, FraneJ. Sheridan Harvard University, USAO. Sgouros University of Ioannina, GreeeV. Soukaras University of Ioannina, GreeeV. Werner University of Yale, USAM. Wrzesie« University of �ód¹, PolandS. Yates University of Kentuky, USA/TRIUMF, CanadaK. Zerva University of Ioannina, GreeeOther short-time visitorsN. Alamanos CEA Salay, FraneV. Buzmakov Joint Institute for Nulear Researh, Dubna, RussiaC. Domínguez University of Huelva, SpainF. Flavigny CEA Salay, FraneI. Ivanenko Joint Institute for Nulear Researh, Dubna, RussiaK.W. Kemper Florida State University, Tallahassee, USAL. Nalpas CEA Salay, FraneA. Obertelli CEA Salay, FraneR.P. Singh Inter-University Aelerator Centre, New Delhi, IndiaLong-time visitorsM. Mateva University of So�a, Bulgaria (5 months)K. Shegunov University of So�a, Bulgaria (5 months)D. Tsoneva University of So�a, Bulgaria (5 months)K. Zerva University of Ioannina, Greee (3 months)
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1. Olga Stezkiewiz2. Przemysªaw Gmaj3. Eryk Piaseki4. Mateusz Sobolewski5. Jerzy Jastrz�bski6. Krzysztof �ab�da-Dyszy7. Dorota Szzepaniak8. Piotr Krysiak9. Magda Zieli«ska10. Marek Figat11. Irena �ejmo12. Andrzej Pietrzak13. Jan Miszzak14. Andrzej Wiehowski15. Jarosªaw Choi«ski16. Roman Ta«zyk17. Andrzej Jakubowski18. Zygmunt Morozowiz19. Tomasz Braha20. Zbigniew Kruszy«ski21. Wiesªaw Kalisiewiz22. Piotr Jasi«ski23. Krzysztof Rusek24. Andrzej Kordyasz

25. Radosªaw Tarnowski26. Krzysztof Pietrzak27. Marian Kopka28. Anna Stolarz29. Wojieh Kozazka30. Bohdan Filipiak31. Paweª Napiorkowski32. Bogdan Paprzyki33. Katarzyna Hady«ska-Kl�k34. Józef Sura35. Jan Kownaki36. Agnieszka Trzi«ska37. Rafaª Kl�k38. Ludwik Pie«kowski39. Marin Palaz40. Krzysztof Sosnowski41. Anna Bªaszzyk-Duda42. Lidia Strzelzyk43. Tomasz Abraham44. Grzegorz Jaworski45. Julian Srebrny46. Katarzyna Wrzosek-Lipska47. Mihalina Komorowska


