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ION TRAP PROJECT AT IGISOL AND r-PROCESSSTUDIES�J. Szerypo, A. Jokinen, V.S. Kolhinen, A. NieminenS. Rinta-AntilaDepartment of Physi
s, University of JyväskyläP.O. Box 35 (Y5), 40351 Jyväskylä, Finlandand J. ÄystöCERN, 1211 Geneva 23, Switzerland(Re
eived De
ember 3, 2001)The IGISOL fa
ility at the Department of Physi
s of the Universityof Jyväskylä (JYFL) is delivering radioa
tive beams of short-lived exoti
nu
lei, in parti
ular the neutron-ri
h isotopes from the �ssion rea
tion.These nu
lei are studied with the nu
lear spe
tros
opy methods. In or-der to substantially in
rease the quality and sensitivity of su
h studies thebeam should undergo beam handling: 
ooling, bun
hing and isobari
 pu-ri�
ation. The �rst two pro
esses are performed with the use of an RFQ
ooler/bun
her. The isobari
 puri�
ation will be made by a Penning trappla
ed after the RF-
ooler element. This will yield a substantial ba
k-ground redu
tion in the nu
lear de
ay spe
tros
opy experiments and en-able studies of mu
h more exoti
 nu
lei, like the ones belonging to r-pro
esspath. This 
ontribution des
ribes the 
urrent status of the proje
t.PACS numbers: 39.10.+j 1. Introdu
tionA proje
t for improving the quality of radioa
tive ion beams produ
edat IGISOL [1℄, aiming at the enhan
ement of the quality of experiments,has been started in 1997 [2, 3℄. The goal was to de
rease the beam energyspread �E by 2 orders of magnitude, transverse emittan
e � by a fa
torof 10 and in
rease the mass resolving power R = M=�M by two orders ofmagnitude, rea
hing 105. The latter means a possibility of reje
ting even� Presented at the XXVII Mazurian Lakes S
hool of Physi
s, Krzy»e, Poland,September 2�9, 2001. (487)
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ontaminants, obtaining a pure monoisotopi
 beam. This improve-ment will be a
hieved due to radioa
tive beam handling, whi
h 
onsists ofthree steps: beam 
ooling (whi
h improves both �E and �), bun
hing andpuri�
ation (due to high R). The �rst two steps are done with the use ofan RFQ 
ooler/bun
her. The beam puri�
ation is performed applying a
ylindri
al Penning trap (see [4℄).2. Proje
t des
riptionMain features of the proje
t are des
ribed in Ref. [5℄. The RFQ 
ool-er/bun
her [6℄ exists at JYFL already. Its performan
e: �E = 0:6 eV,� � 1�2�mmmrad, transmission TR> 60% and 
ooling time around 1 ms.Bun
hing possibility was also demonstrated.The above devi
e has been 
onne
ted to the 
ollinear laser spe
tros
opyset-up. The new bun
hed beam method provides a sour
e of 
ooled ionbun
hes (FWHM: 15 �s) at a repetition rate down to 1 Hz. This results ina ba
kground suppression by a fa
tor of 7� 104 in the bun
h-gated photonspe
trum. The new method appears to be at least an order of magnitudemore sensitive than the previous method of 
oin
ident ion/photon dete
tion.It has been applied re
ently for the �rst time in experiments with radioa
-tive isotopes (Ti, Hf and Zr) to measure their isotope shifts and hyper�nestru
tures.In a Penning trap, ions are 
on�ned in three dimensions by a superpo-sition of stati
 ele
tri
 quadrupole and homogeneous magneti
 �elds. Themagneti
 �eld 
on�nes the ions in two dimensions in a plane perpendi
ularto the �eld dire
tion. Sin
e strong �eld is required for the beam puri�
a-tion, it is 
reated by means of a super
ondu
ting magnet. A 
on�nementin the third, magneti
 �eld dire
tion (parallel to the trap axis) is done by aquadrupole ele
tri
 �eld. This �eld is 
reated by a set of 
ylindri
al (ring)ele
trodes in su
h a way that the 
entral part of the ele
trode set is put toa negative potential, whereas the outer ele
trodes are at positive potential.This way an axial potential well for the ions with a minimum at the trap
enter is formed for positively 
harged spe
ies. To a
hieve an isobari
 pu-ri�
ation, mass-sele
tive bu�er gas 
ooling te
hnique [7℄ will be used. Thispro
ess 
an have a high mass resolving power, of the order of 105, whi
hpermits to reje
t even isobari
 
ontaminants [4℄. This is parti
ularly im-portant for the experimental program at IGISOL, whi
h in a future willbe 
entered on exoti
 neutron-ri
h nu
lei, produ
ed in �ssion. The isobari
puri�
ation will allow for reje
ting of all unwanted members of the isobari

hain, leaving only a spe
ies of interest. This will signi�
antly improvesignal-to-ba
kground ratio, sensitivity and pre
ision of the experiments, andwill extend the range of the isotopes investigated.
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ess Studies 489Summarising, the task of the puri�
ation Penning trap at IGISOL is to:1. a

ept 
ooled (
ontinuous or bun
hed) beams from the RFQ 
ool-er/bun
her,2. perform the isobari
 puri�
ation,3. deliver 
lean, monoisotopi
 bun
hed beams for nu
lear spe
tros
opyinvestigations, pre
ise nu
lear mass measurements and laser spe
tros-
opy experiments.The nu
lear spe
tros
opy experiment will utilize a variety of gamma,X-ray and parti
le dete
tors. The bun
hed monoisotopi
 beam from the trapwill be transferred to a measurement position and implanted in a 
olle
tingfoil or a movable tape surrounded by the above-mentioned dete
tor set-up.The pre
ise nu
lear mass measurements of radioa
tive ions will be doneusing a se
ond Penning trap. It will be pla
ed dire
tly after the puri�
ationtrap in the same super
ondu
ting magnet. A trap of a 
ylindri
al type willbe used, whi
h should assure the measurement a

ura
y of 10�6�10�7. Itwill enable mass measurements of many neutron-ri
h isotopes not rea
hableanywhere else (e.g. of refra
tory elements) and will signi�
antly broadenexperimental program at IGISOL.As an extension of the 
onventional de
ay spe
tros
opy studies, nu
learspe
tros
opy in a Penning trap interior (�in-trap� spe
tros
opy) is foreseen.This means pla
ing the dete
tors of a needed type dire
tly inside the trapand positioning the radioa
tive sample in front of them. Su
h a s
heme hasfollowing advantages over 
onventional spe
tros
opy:(a) radioa
tive sample (ion 
loud) 
onstitutes a very thin, small size ra-dioa
tive sour
e with no ba
king, free of intensity attenuation, energydegradation and ba
ks
attering problems,(b) due to a proper dete
tor pla
ement one 
an substantially de
rease, ina given dete
tor, ba
kground 
ontribution from other types of radia-tion, e.g. gamma ba
kground in the ele
tron spe
trum. The latter 
anbe a
hieved by pla
ing the ele
tron dete
tor relatively far away (in-side the trap) from the sour
e, minimizing the solid angle for gammaswhile having still very high e�
ien
y (solid angle of 50%) for dete
tingele
trons whi
h are guided by the magneti
 �eld. In parti
ular, thiswould be bene�
ial for the 
onversion ele
tron and beta spe
tros
opy,(
) e�
ient passive shielding for a ba
kground radiation with the magnet
ryostat.
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ess study possibilitiesOne of main me
hanisms of nu
leosynthesis in astrophysi
s is the rapidneutron-
apture pro
ess (r-pro
ess). It involves a great number of extremelyneutron-ri
h, very short-lived isotopes whi
h are usually hardly a

essiblewith the 
onventional experimental te
hniques. Therefore, in order to obtainan important astrophysi
al information like the solar isotopi
 abundan
es,the nu
lear stru
ture properties (like masses, half-lives) entering the abun-dan
e 
al
ulations have to be taken from theoreti
al nu
lear models. In orderto improve the predi
tive power and to �ne-tune the model parameters, anexperimental information on the r-pro
ess nu
lei is of extreme importan
e.The r-pro
ess nu
lei 
an be produ
ed in �ssion rea
tion, whi
h is one of mainprodu
tion me
hanisms at IGISOL. Unfortunately, the de
ay studies of soexoti
 spe
ies are always strongly hindered due to a huge ba
kground fromisobari
 
ontaminants. However, the Penning trap will be able to reje
t allthe 
ontaminating ba
kground, enabling studies of the pure radioa
tivity ofinterest. The range of a

essible half-lives 
an be estimated basing on theperforman
e 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 pre
ise nu
lear mass measurements. In one of the re
ent experi-ments, the mass of 74Rb (a

ura
y of 10�7) with T1=2=65 ms was measured(see [9℄). This indi
ates that the nu
lei with half-lives above 50 ms shouldbe available in the future for both nu
lear spe
tros
opy and pre
ise massmeasurements also at IGISOL.Fig. 1 shows a part of the nu
lear 
hart 
overing the region where the n-ri
h nu
lei are produ
ed at IGISOL in a proton-indu
ed �ssion of uranium.On the right-hand side, the 
hart ridge is following a typi
al r-pro
ess path(see e.g. [10℄). Shaded squares mark the nu
lei for whi
h the half-life isknown. Two 
riteria of availability of a given nu
leus for studies at IGISOLwith the ion trap system were arbitrarily assumed:(a) produ
tion yield is above 1000 ions/day, and(b) half-life is above 50 ms.The theoreti
al produ
tion yields of Ref. [11℄ were used. In 
ase wherethe experimental half-life was unknown, a theoreti
al one was taken from[12℄ and res
aled with the experimental values. As 
an be seen, after theIGISOL upgrade 73 new exoti
 n-ri
h nu
lei will be
ome a

essible, 18 ofthem belonging to the r-pro
ess. Apart from that, there is a big number ofnu
lei whi
h do not ful�l either produ
tion or half-life 
riteria. Nevertheless,it is quite possible that in the su�
iently 
lean experimental 
onditionsand with the use of a high-e�
ien
y dete
tor set-up also the nu
lei havingprodu
tion yields below 1000 ions/day 
an be studied. Moreover, most
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Fig. 1. Upgraded IGISOL produ
tion possibilities in �ssion rea
tion (p + 238U !�ssion; Ep = 25 MeV)probably the future ion trap developments will bring still faster s
enariosfor the beam puri�
ation pro
ess, thus pushing the half-life limit even below50 ms. Therefore, the number of new n-ri
h nu
lei available at IGISOL ina not very distant future may substantially ex
eed 73, and, respe
tively, 18for the r-pro
ess, mentioned above.4. Proje
t statusAt present, the super
ondu
ting B = 7 T magnet, the trap ele
trodestru
ture and majority of va
uum 
omponents and ele
troni
s 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/bun
heris ready. An alignment of the trap va
uum tube along the magneti
 �eldlines in the magnet was performed. Also the trap inje
tion and eje
tionbeamlines were 
onstru
ted and aligned with the trap va
uum tube. It isplanned to test the puri�
ation trap with stable ions until the end of 2001.First experiments with radioa
tive 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 othernu
lear physi
s laboratories grouped in an European network EXOTRAPS(JYFL is a 
oordinator of this network). The Penning trap system was
reated in 
lose 
ollaboration with GSI Darmstadt, where a similar trapproje
t SHIPTRAP aiming at experiments with transuranium isotopes [13℄is in preparation.
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