
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 1
ION TRAP PROJECT AT IGISOL AND r-PROCESSSTUDIES�J. Szerypo, A. Jokinen, V.S. Kolhinen, A. NieminenS. Rinta-AntilaDepartment of Physis, University of JyväskyläP.O. Box 35 (Y5), 40351 Jyväskylä, Finlandand J. ÄystöCERN, 1211 Geneva 23, Switzerland(Reeived Deember 3, 2001)The IGISOL faility at the Department of Physis of the Universityof Jyväskylä (JYFL) is delivering radioative beams of short-lived exotinulei, in partiular the neutron-rih isotopes from the �ssion reation.These nulei are studied with the nulear spetrosopy methods. In or-der to substantially inrease the quality and sensitivity of suh studies thebeam should undergo beam handling: ooling, bunhing and isobari pu-ri�ation. The �rst two proesses are performed with the use of an RFQooler/bunher. The isobari puri�ation will be made by a Penning trapplaed after the RF-ooler element. This will yield a substantial bak-ground redution in the nulear deay spetrosopy experiments and en-able studies of muh more exoti nulei, like the ones belonging to r-proesspath. This ontribution desribes the urrent status of the projet.PACS numbers: 39.10.+j 1. IntrodutionA projet for improving the quality of radioative ion beams produedat IGISOL [1℄, aiming at the enhanement of the quality of experiments,has been started in 1997 [2, 3℄. The goal was to derease the beam energyspread �E by 2 orders of magnitude, transverse emittane � by a fatorof 10 and inrease the mass resolving power R = M=�M by two orders ofmagnitude, reahing 105. The latter means a possibility of rejeting even� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (487)



488 J. Szerypo et al.isobari ontaminants, obtaining a pure monoisotopi beam. This improve-ment will be ahieved due to radioative beam handling, whih onsists ofthree steps: beam ooling (whih improves both �E and �), bunhing andpuri�ation (due to high R). The �rst two steps are done with the use ofan RFQ ooler/bunher. The beam puri�ation is performed applying aylindrial Penning trap (see [4℄).2. Projet desriptionMain features of the projet are desribed in Ref. [5℄. The RFQ ool-er/bunher [6℄ exists at JYFL already. Its performane: �E = 0:6 eV,� � 1�2�mmmrad, transmission TR> 60% and ooling time around 1 ms.Bunhing possibility was also demonstrated.The above devie has been onneted to the ollinear laser spetrosopyset-up. The new bunhed beam method provides a soure of ooled ionbunhes (FWHM: 15 �s) at a repetition rate down to 1 Hz. This results ina bakground suppression by a fator of 7� 104 in the bunh-gated photonspetrum. The new method appears to be at least an order of magnitudemore sensitive than the previous method of oinident ion/photon detetion.It has been applied reently for the �rst time in experiments with radioa-tive isotopes (Ti, Hf and Zr) to measure their isotope shifts and hyper�nestrutures.In a Penning trap, ions are on�ned in three dimensions by a superpo-sition of stati eletri quadrupole and homogeneous magneti �elds. Themagneti �eld on�nes the ions in two dimensions in a plane perpendiularto the �eld diretion. Sine strong �eld is required for the beam puri�a-tion, it is reated by means of a superonduting magnet. A on�nementin the third, magneti �eld diretion (parallel to the trap axis) is done by aquadrupole eletri �eld. This �eld is reated by a set of ylindrial (ring)eletrodes in suh a way that the entral part of the eletrode set is put toa negative potential, whereas the outer eletrodes are at positive potential.This way an axial potential well for the ions with a minimum at the trapenter is formed for positively harged speies. To ahieve an isobari pu-ri�ation, mass-seletive bu�er gas ooling tehnique [7℄ will be used. Thisproess an have a high mass resolving power, of the order of 105, whihpermits to rejet even isobari ontaminants [4℄. This is partiularly im-portant for the experimental program at IGISOL, whih in a future willbe entered on exoti neutron-rih nulei, produed in �ssion. The isobaripuri�ation will allow for rejeting of all unwanted members of the isobarihain, leaving only a speies of interest. This will signi�antly improvesignal-to-bakground ratio, sensitivity and preision of the experiments, andwill extend the range of the isotopes investigated.



Ion Trap Projet at IGISOL and r-Proess Studies 489Summarising, the task of the puri�ation Penning trap at IGISOL is to:1. aept ooled (ontinuous or bunhed) beams from the RFQ ool-er/bunher,2. perform the isobari puri�ation,3. deliver lean, monoisotopi bunhed beams for nulear spetrosopyinvestigations, preise nulear mass measurements and laser spetros-opy experiments.The nulear spetrosopy experiment will utilize a variety of gamma,X-ray and partile detetors. The bunhed monoisotopi beam from the trapwill be transferred to a measurement position and implanted in a olletingfoil or a movable tape surrounded by the above-mentioned detetor set-up.The preise nulear mass measurements of radioative ions will be doneusing a seond Penning trap. It will be plaed diretly after the puri�ationtrap in the same superonduting magnet. A trap of a ylindrial type willbe used, whih should assure the measurement auray of 10�6�10�7. Itwill enable mass measurements of many neutron-rih isotopes not reahableanywhere else (e.g. of refratory elements) and will signi�antly broadenexperimental program at IGISOL.As an extension of the onventional deay spetrosopy studies, nulearspetrosopy in a Penning trap interior (�in-trap� spetrosopy) is foreseen.This means plaing the detetors of a needed type diretly inside the trapand positioning the radioative sample in front of them. Suh a sheme hasfollowing advantages over onventional spetrosopy:(a) radioative sample (ion loud) onstitutes a very thin, small size ra-dioative soure with no baking, free of intensity attenuation, energydegradation and baksattering problems,(b) due to a proper detetor plaement one an substantially derease, ina given detetor, bakground ontribution from other types of radia-tion, e.g. gamma bakground in the eletron spetrum. The latter anbe ahieved by plaing the eletron detetor relatively far away (in-side the trap) from the soure, minimizing the solid angle for gammaswhile having still very high e�ieny (solid angle of 50%) for detetingeletrons whih are guided by the magneti �eld. In partiular, thiswould be bene�ial for the onversion eletron and beta spetrosopy,() e�ient passive shielding for a bakground radiation with the magnetryostat.



490 J. Szerypo et al.3. r-proess study possibilitiesOne of main mehanisms of nuleosynthesis in astrophysis is the rapidneutron-apture proess (r-proess). It involves a great number of extremelyneutron-rih, very short-lived isotopes whih are usually hardly aessiblewith the onventional experimental tehniques. Therefore, in order to obtainan important astrophysial information like the solar isotopi abundanes,the nulear struture properties (like masses, half-lives) entering the abun-dane alulations have to be taken from theoretial nulear models. In orderto improve the preditive power and to �ne-tune the model parameters, anexperimental information on the r-proess nulei is of extreme importane.The r-proess nulei an be produed in �ssion reation, whih is one of mainprodution mehanisms at IGISOL. Unfortunately, the deay studies of soexoti speies are always strongly hindered due to a huge bakground fromisobari ontaminants. However, the Penning trap will be able to rejet allthe ontaminating bakground, enabling studies of the pure radioativity ofinterest. The range of aessible half-lives an be estimated basing on theperformane of the ISOLTRAP Penning trap set-up at ISOLDE, CERN [8℄.This set-up ontains two Penning traps: one for the isobari puri�ation andone for the preise nulear mass measurements. In one of the reent experi-ments, the mass of 74Rb (auray of 10�7) with T1=2=65 ms was measured(see [9℄). This indiates that the nulei with half-lives above 50 ms shouldbe available in the future for both nulear spetrosopy and preise massmeasurements also at IGISOL.Fig. 1 shows a part of the nulear hart overing the region where the n-rih nulei are produed at IGISOL in a proton-indued �ssion of uranium.On the right-hand side, the hart ridge is following a typial r-proess path(see e.g. [10℄). Shaded squares mark the nulei for whih the half-life isknown. Two riteria of availability of a given nuleus for studies at IGISOLwith the ion trap system were arbitrarily assumed:(a) prodution yield is above 1000 ions/day, and(b) half-life is above 50 ms.The theoretial prodution yields of Ref. [11℄ were used. In ase wherethe experimental half-life was unknown, a theoretial one was taken from[12℄ and resaled with the experimental values. As an be seen, after theIGISOL upgrade 73 new exoti n-rih nulei will beome aessible, 18 ofthem belonging to the r-proess. Apart from that, there is a big number ofnulei whih do not ful�l either prodution or half-life riteria. Nevertheless,it is quite possible that in the su�iently lean experimental onditionsand with the use of a high-e�ieny detetor set-up also the nulei havingprodution yields below 1000 ions/day an be studied. Moreover, most
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Fig. 1. Upgraded IGISOL prodution possibilities in �ssion reation (p + 238U !�ssion; Ep = 25 MeV)probably the future ion trap developments will bring still faster senariosfor the beam puri�ation proess, thus pushing the half-life limit even below50 ms. Therefore, the number of new n-rih nulei available at IGISOL ina not very distant future may substantially exeed 73, and, respetively, 18for the r-proess, mentioned above.4. Projet statusAt present, the superonduting B = 7 T magnet, the trap eletrodestruture and majority of vauum omponents and eletronis are existing.Control system will be based on PC omputer, LabVIEW and CAN-bus, andis under development. Its part for the ontrol of the RFQ ooler/bunheris ready. An alignment of the trap vauum tube along the magneti �eldlines in the magnet was performed. Also the trap injetion and ejetionbeamlines were onstruted and aligned with the trap vauum tube. It isplanned to test the puri�ation trap with stable ions until the end of 2001.First experiments with radioative ions will start after the end of the IGISOLshut-down in spring 2002.The ion trap development at IGISOL is done in a ollaboration with othernulear physis laboratories grouped in an European network EXOTRAPS(JYFL is a oordinator of this network). The Penning trap system wasreated in lose ollaboration with GSI Darmstadt, where a similar trapprojet SHIPTRAP aiming at experiments with transuranium isotopes [13℄is in preparation.
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