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566 K. Rykazewski et al.1. IntrodutionInvestigations of nulei at the limits of nulear stability represent an a-tive area of study in nulear physis. With the development of produtionand detetion methods allowing us to reah nulei at and beyond the protondrip-line, information on the struture of proton rih nulei has been greatlyextended in reent years. When the intense postaelerated radioative ionbeams beome routinely available, one should be able to reah even moreexoti nulear states, see e.g. Ref. [1℄. The struture of loosely bound nuleiand their deay modes, nuleosythesis within the rapid proton apture pro-ess and tests of fundamental proesses with Fermi and Gamow�Teller betadeays are among the key themes of nulear physis for the beginning of thenext millenium [2℄. These problems an be addressed via the investigationsperformed on nulei near and beyond the proton drip-line.Observation of proton radioative nulei plays a very important role forunderstanding the limits of the nulear landsape, see e.g. Ref. [3℄. Theexperiments on proton emitting states allow us to inspet and de�ne anenergy surfae for very exoti nulei with great preision. The observeddeay rates ontribute to our understanding of quantum tunneling throughthe Coulomb and entrifugal barriers for spherial and deformed shapes.Measured deay properties an be used to establish proton single-partileenergies and a omposition of proton emitting orbitals, both far beyond theproton drip-line.2. HRIBF experiments on new proton radioativitiesThe proton radioativities of deformed nulei, 140Ho and 141mHo [4℄, andspherial ones, 145Tm [5℄, 150mLu [6℄ and 151mLu [7℄, were disovered at theHoli�eld Radioative Ion Beam Faility (HRIBF) in Oak Ridge. These re-sults ontributed to the 23 proton emitting ground states and 12 metastablestates in nulei reported till now [8�12℄.Modern experiments on proton emitters at the Fragment Mass Analyzer(FMA) at Argonne [3℄ and at the Reoil Mass Separator (RMS) at HRIBFOak Ridge [13℄ are utilizing the tehnique pioneered at the veloity �lterSHIP (GSI Darmstadt) [14℄ and developed further at the Daresbury ReoilSeparator [15�17℄. The produts of fusion-evaporation reations are sepa-rated aording to their mass�to�harge ratio (A=Q) and implanted into aDouble-sided Silion Strip Detetor (DSSD) [15℄. To provide an example, thedetails of a reent HRIBF experiment on new emitters 140Ho and 141mHo [4℄are given below. For this partiular study, our aim was to extend the protonradioativity studies of highly deformed nulei to new proton emitters andto provide a theoretial model of their struture and deay proess. Witha p5n reation hannel used for the �rst time for the disovery of a proton



Studies of Nulei at and Beyond the Proton Drip-Line... 567emitter, it was also probing the experimental observation limits for protonemitting nulei by means of the RMS-DSSD tehnique.A 0.91 mg/m2 thik target of isotopially enrihed 92Mo was irradiatedwith 315-MeV 54Fe ions from the HRIBF 25 MV tandem aelerator. Theaverage beam urrent on target was about 13 partile nA during a period of30 hours. Reoils of interest, of 97 � 10 MeV, were passed through the RMSadjusted to selet the mass-140 and a part of mass-141 ions in a hargestate Q = +27. A gas-�lled position-sensitive avalanhe ounter (PSAC)plaed at the foal plane of the RMS provided time and position signals formass/harge reoil identi�ation. After passing the PSAC detetor, produtswere slowed down by a 1.17 mg/m2 nikel foil before implantation into a 60-�m thik DSSD with 40 horizontal and 40 vertial strips overing an ativearea of 4 m � 4 m. This strip arrangement results in a total of 1600 pixels,eah ating as an individual detetor of 1 mm2 [15℄. For eah implant, theenergy of the implant, the pixel in whih the implant ourred, the PSACinformation, and the time were reorded. If a deay ourred within a timeof 240 �s after an implant during its readout, the deay energy, pixel number,and time of deay were also reorded in the same event. For deay timesgreater than 240 �s, the deay information was reorded as a separate event.Deays within a given pixel were orrelated with the previous implant in thesame pixel in order to determine the deay time of the radioativity.Figure 1 shows the low-energy part of the spetrum reorded in the DSSDwithin the given time intervals �t after a reoil implantation. To distinguishbetween A=141 and A=140, the mass gates orresponding to the dispersiveplane DSSD strips, from 1 to 20 and from 24 to 37, respetively, were applied.A peak of about 100 ounts in a middle setion of Fig.1, obtained with �t �25 ms and A = 141 ondition, is that of the known proton deay [11℄ of the141Ho ground state. Its energy, reported in Ref. [11℄ as 1169�8 keV, wastaken together with the measured on�line proton lines from the well-knownradioativities of 109I (Ep = 813 � 3 keV), 113Cs (Ep = 959 � 3 keV) [9, 10℄and 147Tm (Ep = 1051�3 keV) [9,18℄ to alibrate the energy deposited intothe DSSD. The half-life of 141Ho was remeasured to be 3.9�0.5 ms, whihagrees well with 4.2�0.4 ms given in [11℄. By keeping the same A = 141mass gate and reduing the reoil-deay orrelation time �t to 200 �s, thepeak of about 10 ounts at 1230�20 keV was found, see the upper part ofFig.1. The 20 keV error assigned for the peak energy is larger than purelystatistial, in order to aount for unertainties in an energy shift due tothe ampli�er overload e�ets for short orrelation times �t. The protonenergy shift is aused by an overlap of the proton energy signal with thetail of the high energy ion implantation signal. This e�et is disussed inprevious papers reporting the disoveries of new short-lived proton emitters145Tm (T1=2 = 3:5 �s [5℄) and 151mLu (T1=2 = 16�s [7℄). The energy shift
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Fig. 1. The low-energy part of partile spetra reorded during 30-hours experimentwith 54Fe beam on 92Mo target (from [4℄). The given orrelation time gates �tand mass gates were applied, respetively.an be experimentally inspeted and aounted for by an on-line alibrationmeasurement of the 113Cs proton ativity having a T1=2 = 18:3 �s [19℄.The energy of 113Cs ions deposited into the DSSD must be the same asthat of the new short-lived proton radioative nulei. However, a mappingof the response funtion of the DSSD for short orrelation times is verytime onsuming. It is di�ult to reah satisfatory preision, even witha total rate of � 5 protons per minute from the 113Cs deay ahieved atHRIBF. A partial solution of this problem ould be obtained using newDSSD signal proessing eletronis to digitize the preampli�er signal [20℄.The time distribution of the events displayed in the upper setion of Fig.1



Studies of Nulei at and Beyond the Proton Drip-Line... 569orresponds to a half-life of 8�3 �s. The onditions �t � 25ms and A = 140mass gate applied to the same experimental data reveal two peaks, one at1.17 MeV oming from a tail of the A=141 mass distribution, and a new oneat 1086�10 keV with a deay pattern orresponding to a hal�ife of 6�3 ms.Sine the energies of the latter 11 events obtained with relatively long reoil-deay orrelation times are not modi�ed by the ampli�er overload e�et, thepeak energy an be given within the statistial 10 keV error.These observed intensities of proton events orrespond to the ross se-tion values of � 130 nb for 141Ho and � 30 nb for the new ativity observedat mass A = 141. The ross setion for the new A = 140 proton radioativ-ity is about 13 nb. All values were alulated assuming a RMS transmissionof � 3%. All of the A = 140 and A = 141 isobars, other than holmiumisotopes, produed in the 54Fe + 92Mo fusion-evaporation reation are sta-ble against proton emission or have negligible prodution ross setions (e.g.140Er produed in 6p evaporation hannel below the 1 pb level). Therefore,we assign the new radioativities to 140Ho and 141mHo. The predited [21℄ross setions for 141Ho and 140Ho, with a 54Fe beam energy of 315 MeVaveraged over the 92Mo target thikness of 0.91 mg/m2, are about 300 nband 50 nb, a fator of 2 to 4 larger than observed. However, one shouldremember that extrapolated mass values were used for the HIVAP alula-tions [21℄. Also the same RMS transmission of 3% was assumed for bothp4n and p5n reation hannels. The observed (small) di�erenes betweenthe experimental estimates and preditions for prodution ross setions istherefore not surprising.3. Proton emission rates � spherial approahFor most of reported proton ativities, the proton emission rates anbe interpreted within a spherial desription of the nulei involved in thedeay proess [9, 22℄. The spetrosopi fator orresponding to the ratioof alulated to observed partial proton half-lives represents the vaanyof the respetive proton orbital in a daughter nuleus [22℄. This meansthat the study of proton emitting states gives diret information on theomposition of the wave funtion of the unbound proton orbital. However,it is important to notie that in several ases, inluding the �rst reportedground-state proton radioativities 151Lu [14℄ and 147Tm [18℄, that it wasimpossible to obtain preise experimental values for the proton partial half-lives. This was due to the unknown probability of beta deay ontributing tothe deay proess. The proton emitting orbitals were identi�ed; however, theerror bars on the spetrosopi fators were too large to make a meaningfulonlusion on the struture of the wave funtion involved. Therefore, thestudy of very short-lived proton radioativities, in whih proton emission



570 K. Rykazewski et al.dominates the total deay width, has been initiated at HRIBF. New short-lived proton ativities disovered at HRIBF, the 145Tm (T1=2=3.5 �s [5℄) and151mLu (T1=2 = 16 �s [7℄), ontributed to the understanding of the strutureof the �h11=2 and �d3=2 proton emitting states.

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

68 70 72 74 76 78

h11/2 proton decay
(spherical picture)

sp
ec

tr
o

sc
o

p
ic

 f
ac

to
r 

≈ 
u

2

Atomic Number Z
(daughter nucleus)Fig. 2. Comparison of the experimental spetrosopi fators for the proton emis-sion from the �h11=2 orbital for Z � 68 nulei and the vaanies u2(�h11=2) al-ulated for even-even daughter nulei (grey dots). The HRIBF data are shownwith an open irles. Odd-even emitters with well de�ned partial proton half-lifewere seleted for this omparison to avoid the e�ets related to the proton-neutronoupling and unertainties aused by unknown beta branhing. To illustrate thelatter problem, the spetrosopi fators for the 147Tm (Z = 68, with large errorbars) and 151Lu (Z = 70) are also given.In Fig. 2, the experimental spetrosopi fators for odd�Z, even�N�h11=2 proton emitters are ompared to the vaanies u2 alulated (seee.g. Refs. [23, 24℄) for the daughter even-even spherial nulei. These spe-trosopi fators were obtained from measured partial proton half-lives andtheoretial proton rates obtained within the Two-Potential-Approah (TPA)of Ref. [22℄. The radioativities, where proton emission dominates the deayproess, or the ompeting alpha branhing was measured, are seleted in thisomparison. For Z = 68, the result for 145Tm is given together with pre-viously measured 147Tm, to illustrate the importane of the reent HRIBFexperiment [5℄. For Z = 70, the spetrosopi fator inludes already newhal�ife measurement (T1=2 = 80�2 ms) of 151Lu [7℄, but the estimated betabranhing [9℄ makes the error bars large. The alulated u2 values �t verywell the experimental systematis. This indiates that the spherial �h11=2orbital has a relatively pure on�guration for these very exoti nulei. The
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(daughter nucleus)Fig. 3. Comparison of the experimental spetrosopi fators for the proton emis-sion from the �d3=2 orbital for Z � 68 nulei and the vaanies u2(�d3=2) alulatedassuming pure �d3=2 on�guration of the respetive state in the daughter nulei(grey dots). The HRIBF data point for 151mLu [7℄ is indiated by an open irle.observed proton rates diretly re�et the oupation of �h11=2 along theproton drip line.In ontrast, the di�erene is quite striking when the spetrosopi fatorsfor �d3=2 emitters are ompared to the alulated u2 values, see Fig. 3.Here, again, the HRIBF result for 151mLu ontributed to this systematis.The observed �d3=2 proton rates are learly lower than expeted from themodel whih reprodued well the �h11=2 related emission. This disrepanyindiates the level of mixing of the I� = 3=2+ state. The wave funtionomponent, �d3=2, is responsible for the observed proton transition rate.The presene of a �s1=2 
 2+ omponent in this 3/2+ state is reduing thedeay width to the ground-state of the daughter nuleus.4. Deformed proton emittersIn the early proton radioativity studies, it was found that the protondeay probabilities of 109I [16, 25, 26℄ and 113Cs [17, 19, 25, 27℄ ould not beexplained within the spherial approah. These two nulei are loated at thetransitional region between the strong spherial shell Z = 50 and the well�deformed rare�earth nulei midway between N = 50 and N = 82 neutronmagi numbers. The struture of proton emitting states for both ases isstill ambiguous. The deformed 1/2+[420℄ Nilsson orbital originating from thespherial �d5=2 level was proposed for the ground-state of 109I [28, 29℄. The



572 K. Rykazewski et al.assignment is based on the systematis of proton ground-state on�gurationsfor heavier odd-mass iodine isotopes [30, 31℄ and a theoretial estimate forthe observed proton rate [28,29℄. For the latter, the best �t to the observedhalf-life was obtained with a quadrupole deformation parameter �2 of about0.1. There is not enough experimental evidene in previous [31℄ or veryreent [32℄ Reoil Deay Tagging (RDT) experiments on 109I to on�rmthe ground-state on�guration suggested in Refs. [28, 29℄. In partiular,the reently dedued rotational states in the �h11=2 band of 109I supportredued deformation for the more proton-rih iodine isotopes [32℄. Evenmore unlear is the on�guration of the proton-emitting state in the 113Cs.The alulations of Ref. [29℄ suggest the 3/2+[421℄ orbital originating fromthe �d5=2 spherial state, while in Ref. [33℄ it is noted that the observed 113Cshalf-life [19℄ an also be explained as a proton emission from an I�=1/2+state oming from a deformed �g7=2 orbital. Reent RDT studies [19℄ didnot establish a lear link between the dominantly populated �h11=2 band andthe expeted ground-state of positive parity. The deformation parametersare �2 � 0.2 for the disussed on�gurations.Very reently, the proton radioativity from the highly deformed nulei131Eu and 141Ho was disovered [11℄. The proton emission half-lives wereomputed, following the DWBA approah of Refs. [28, 29℄, as a funtionof deformation for the �7/2�[523℄ state in 141Ho, and for �3/2+[411℄ and�5/2+[413℄ states for 131Eu. The observed deay rates ould be reproduedwith �2 � 0.3.Two new proton emitting states in the deformed nulei, 140Ho and141mHo, were reently identi�ed by their diret proton radioativity at HRIBF[4℄. The proton energies and half-lives were measured to be 1086(10) keVand 6(3) ms, and 1230(20) keV and 8(3) �s, respetively, see Fig. 1 andSetion 2. The single�quasiproton band heads of rare�earth nulei, inlud-ing holmium isotopes, have been analyzed in [24℄. They were alulatedusing the shell orretion method with an average Woods-Saxon potentialand a monopole pairing residual interation. The total energy of eah nu-leus was minimized in the [�2,�4℄ deformation lattie. For Z=67 holmiumisotopes, proton orbitals were studied between mass numbers A=153 andA=171. Here, in order to assign and analyze the struture of the observedproton-emitting states, suh alulations were performed for lighter holmiumisotopes in an extended [�2,�4,�6℄ deformation spae. The total energies ofsingle-proton states in 151Ho, 149Ho and 147Ho are minimized by the spheri-al shape due to the strong in�uene of the N=82 shell losure, with �h11=2being the ground-state orbital. While 145Ho an be alled �transitional�, themore proton rih 143Ho and 141Ho isotopes are learly highly deformed. Thesame values of �2 � 0.27, �4 � �0.07 (and small �6 � 0.01) were obtained forthe three lowest proton orbitals in 141Ho, labelled �1/2+[411℄, �7/2�[523℄



Studies of Nulei at and Beyond the Proton Drip-Line... 573and �5/2�[532℄. The negative parity Nilsson states originate from the �h11=2spherial orbital, while the 1/2+[411℄ omes from a deformed �d3=2 orbital.The two states, �1/2+[411℄ and �7/2�[523℄, are omputed to have almostthe same energy, and the �5/2�[532℄ is about 250 keV higher. Already thislevel sheme suggests that in addition to the l=3 proton emission with T1=2� 4 ms from the �7/2�[523℄ ground�state, we observed a muh faster l=0deay from the isomeri 1/2+[411℄ level in 141Ho.The width of proton resonanes observed in 141Ho was interpreted withinthe very reently developed theoretial formalism based on the oupled han-nel Shrödinger equation with outgoing boundary onditions, see Ref. [4℄and referenes therein. It was onluded that the deay proess of 141mHois primarily governed by a small admixture of the �s1=2 wave funtion inthe 1/2+[411℄ isomeri state. The orresponding spherial amplitude (lj)2was alulated to be about 0.18, with the main wave funtion omponentsarising from �d3=2, �d5=2 and �g7=2 orbitals. For 141gsHo, two states witha proton width lose to observed were found, namely the �7/2�[523℄ and�5/2�[532℄, both originating from the �h11=2 orbital. However, the protondeay width for both onsidered Nilsson on�gurations is governed again bya small admixture of the �f7=2 spherial state.The struture of a proton emitting state in the odd-odd nuleus 140Ho ismore omplex. The odd�proton, the 1/2+[411℄ or 7/2�[523℄ in the ground-or near ground-state on�guration, is oupled to the odd�neutron. Twoof the neutron single�quasipartile states are predited to be lose to theFermi surfae for 140Ho. They are the �5/2+[402℄ and the �9/2�[514℄ statesoriginating from the d5=2 and h11=2 neutron orbitals. Sine the half-life of140Ho is in the milliseond range, with an analogy to the deay of 141gsHo,the proton emitting state an have either the �7/2�[523℄ 
 �5/2+[402℄ orthe �7/2�[523℄ 
 �9/2�[514℄ on�guration. These ��� states are very losein energy aording to the alulations.Additional information related to the energy surfae of proton drip linenulei is also gained from our study. The energy of the proton line fromodd-odd 140Ho deay is lower than the one from the neighbouring, less exotiodd-even 141Ho. Suh a pattern was already observed [17℄ for nulei in thetransitional region above Z=50, i.e. for 104Sb - 105Sb, 108I - 109I and for112Cs - 113Cs. For 104Sb and 108I, only the upper limits for proton deayenergy, 460 keV and 600 keV respetively, were derived from the experimentaldata. However, these are already below the energies of protons emitted fromthe 105Sb (Ep = 478�15 keV [34℄) and 109I (Ep = 813�3 keV [17℄). Theenergies of the proton lines for 112Cs and 113Cs are 807�7 keV [17℄ and 959�4keV [9℄, respetively. For spherial proton emitters with Z�69, this energydependene is reversed, i.e. the proton deay energy always inrease as the



574 K. Rykazewski et al.neutron numbers derease, see e.g. Ref. [10℄. An observation of a protonline for the 140Ho deay at almost 100 keV below that for 141Ho, suggests aninterpolation of this energy pattern for the deformed region between Z = 55and Z = 67. This observed struture of the energy surfae beyond theproton drip-line, probably onneted to the � � � orrelations, does notshow up to suh extent in mass formulas and advaned nulear struturemodels [35�37℄. It atually an be related to the presene and populationin heavy-ion reations of high spin states in odd-odd nulei resulting fromthe odd proton�odd neutron oupling. Suh a state may deay via protonemission to an exited state in the daughter nuleus resulting in the observedenergy pattern. It may explain the non-observation of a proton deay of136Tb and 137Tb. Following the 140Ho and 141mHo experiment, the protondeay of these terbium isotopes was searhed for over 35 hours with a 15pnA 50Cr beam on a 0.91 mg/m2 92Mo target. The beam energy, 290MeV, was optimized [21℄ for 136Tb prodution, but a part of A = 137 reoilswere also implanted into the DSSD similar to the A = 140 vs A = 141mass distribution, see Setion 2. No evidene for these deays were obtainedindiating that the beta-deay hannel is dominant, for both 136Tb and137Tb. While the various mass preditions point to the proton energies wellbelow 1 MeV for 137Tb, the more proton rih 136Tb was alulated to bemore proton-unstable. The results for 140Ho � 141Ho proton emitters mightindiate an opposite pattern. The validity of suh an interpolation mightbe tested, in priniple, with an investigation of proton emission from 130Euallowing a omparison to the observed deay [11℄ of 131Eu (Ep = 950�10keV). However, if indeed the proton deay energy is lower by more than 100keV, the beta deay may again dominate the weakly produed 130Eu ativitymaking detetion of the proton line very di�ult.5. Reoil deay tagging experiments at HRIBFThe HRIBF experiments on the nulei beyond the proton drip line werereently extended to the exited states in proton-emitting nulei. The stud-ies applying the Reoil Deay Tagging method [31, 38℄ were performed for113Cs [19℄ and 151Lu [39℄. Only a part of Oak Ridge Germanium Array forSpetrosopi Measurements (CLARION), onsisting now of eleven 145%Clover detetors with BGO shields, was used for �ounting at the targetposition. In priniple, suh experiments should allow us to establish the levelsequene above the proton unstable state and to dedue the deformation ofthe investigated nuleus. However, sine these experiments usually su�erfrom low statistis, partiularly for � oinidenes, the on�guration as-signment to the identi�ed levels is not unambiguous [19, 39℄. For 113Cs, the-asade interpreted as a �h11=2 band was observed. However, the link tothe proton deaying ground-state is not lear � a low energy transition(s)



Studies of Nulei at and Beyond the Proton Drip-Line... 575might remain unobserved [19℄. For 151Lu, two onepts of data interpreta-tion were presented in [39℄. To larify the situation, a omplementary searhfor a short�lived �deaying isomeri state in 151Lu has been reently pro-posed [40℄, to be performed at the �nal fous of the RMS with a part of theCLARION array.6. HRIBF experiments with radioative postaelerated beamsFirst generation radioative ion beam failities (RIB-I) are expeted todeliver beams of unstable nulei of moderate intensities of the order of 107 to108 partiles per seond (pps). This is about three to four orders of magni-tude lower than the intensities of respetive stable beams routinely used forthe studies of neutron-de�ient nulei far from beta stability. This meansthat the overall prodution rate of exoti new nulei will be lower whenusing RIBs. However, even low intensity RIBs have important advantageswith respet to stable projetiles. The ompound nuleus made out of aRIB plus stable target ombination is further away from beta stability inomparison to the orresponding stable beam-stable target fusion produt.The evaporation hannel leading to the �nal exoti produt is more favouredwith respet to the total reation ross setion. The signals orresponding tothe deay of the studied nuleus our with muh leaner bakground on-ditions. The lower total prodution of reoiling evaporation residues from aRIB experiment will also permit orrelation studies with the ounter tele-sope over a muh broader half-life range. With higher prodution ratesduring the experiment based on stable beam, suh orrelations will likelybe lost for T1=2 above �100 ms. Therefore, the overall detetion power ofthe RIB-based experiment is inreased in omparison to the stable beamstudy. The perfet �demonstration ase� is realized, when a spei�, uniqueradiation ours among the separated isobari hain only in the deay ofthe isotope of interest, due to the removal of bakground radiation by theRIB based prodution method. This bakground radiation would be presentwith the best stable beam hoie. However, even with enhaned seletivity,the lower limit for the ross setion providing still enough ativity for thedeay studies is about a few tenths of a millibarn for the RIB intensities ofthe order of a few times 107 pps.The onsiderations presented above are foreseen to be demonstrated bythe proposed identi�ation and investigation [41℄ of a new isotope, the beta-delayed proton (�p) preursor 125Nd seletively produed with the 69As ra-dioative beam [42℄ at HRIBF. In the isobari hain A = 125 the only known�p preursor is 125Ce [43℄. Its energy window for �p emission is QEC-Sp �5 MeV and the branhing ratio is alulated to be I�p � 0.014% [44�46℄.The protons emitted during 125Nd and 125Ce deays are partially within thesame energy range.



576 K. Rykazewski et al.The 125Ce nuleus is not produed in the fusion-evaporation reationwith a radioative 69As beam on a 58Ni target. The orresponding searhfor 125Nd without radioative beams would require, e.g., a 40Ca beam on a92Mo target. With the 260 MeV energy of a 40Ca beam optimized [21℄ for theprodution of 125Nd, its ross setion amounts to 8 �b. The 125Ce produtionis 1000 times stronger in the same 40Ca + 92Mo reation. The number of �psignals resulting from 125Nd and 125Ce deays will be omparable, makingthe identi�ation of 125Nd deay very di�ult.The ross setion for 125Nd produed using the reation 69As (300 MeV)on a 1 mg/m2 58Ni target is alulated to be about 1 mb [21℄. An experi-ment with 3*107 pps of 69As should provide enough data for the identi�a-tion and measurement of the main deay properties of 125Nd in about oneweek.The experiments with the 69As projetiles are planned for 1999, afterthe urrently running projets using radioative 17F beam at HRIBF areonluded. 7. SummaryThe studies of proton radioativity have beame a part of the sienti�program at Oak Ridge National Laboratory. The experiments performed atHRIBF have added important data to experimental systematis. Advanedtheoretial interpretion of spherial [22℄ and deformed emitters [4℄ has beenarried out by the UTK/ORNL Theory Group in ollaboration with physi-ists from Hungary, Romania, Sweden and US universities.The future studies at HRIBF based on a radioative beams like 69As and56Ni (under development) should allow us to reah even more exoti nuleinear and beyond the proton drip-line.Oak Ridge National Laboratory is managed by Lokheed Martin En-ergy Researh Corporation under ontrat DE-AC05-96OR22464 with theU. S. Department of Energy. Nulear physis researh is supported by theU. S. Department of Energy through Contrats Nos. DE-FG02-96ER40963and DE-FG02-96ER40983 (University of Tennessee), DE-FG05-88ER40407(Vanderbilt University), DE-FG02-92ER40694 (Tennessee Tehnologial Uni-versity), DE-FG05-88ER40330 (Georgia Institute of Tehnology), DE-FG02-96ER40978 (Louisiana State University) and DE-AC05-76OR00033 (ORISE),respetively. The Joint Institute for Heavy Ion Researh has as member in-stitutions the University of Tennessee, Vanderbilt University, and Oak RidgeNational Laboratory; it is supported by the three members and the U. S.Department of Energy. ZJ and MK are partially supported by the PolishCommittee for Sienti� Researh KBN.
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