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Nuclear Reaction Rate Uncertainties and their effects on Nova
Nucleosynthesis Modeling
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The observable consequences of a nova outburst depend sensitively on the details of the thermonuclear
runaway which initiates the outburst. One of the more important sources of uncertainty is the nuclear
reaction data used as input for the evolutionary calculations. It has been demonstrated that changes in
the reaction rates used in a nova simulation can alter the production of individual isotopes (by an order
of magnitude) and change global observables such as the peak luminosity and the amount of mass ejected
by 10-30% [1].

We present the first systematic analysis of the full impact of reaction rate uncertainties on nova nucleo-
synthesis. The use of Monte Carlo techniques allows the translation of reaction rate uncertainties into
uncertainties in nova model nucleosynthesis (see Fig. 1) and thereby quantifies the extent of disagreement
between theory and observations.

By examining the relative importance of changes in individual reaction rates, our analysis can provide
guidance in the selection of reactions for further experimental study. We will demonstrate the usefulness
of this technique by determining the relative importance of the many individual reactions involved in the
production of 22Na. Our analysis not only confirms the important reactions identified in [2], but also
finds several additional reactions of similar importance.

FIG. 1. Final Abundances (elapsed time = 4.7 × 105 sec after peak) for the innermost ejecta of a model for a
nova outburst on a 1.25 M� ONeMg white dwarf. The error bars are derived from our Monte Carlo analysis.

[1] S. Starrfield, et al., MNRAS, 296, 502 (1998).
[2] J. José, A. Coc, & M. Hernanz, ApJ, 520, 347 (1999).
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Tuning E�ect in Nuclear Binding Energies

S.I.Sukhoruchkin, D.S.Sukhoruchkin

Petersburg Nuclear Physics Institute, 188300 Gatchina, Russia

Data �les of experimental nuclear binding energies (EB), mainly from AME-95
[1], and nucleon separation energies (SN , S2N etc.) together with EB from di�er-
ent theoretical models (FRDM, FRLDM, RMF, ETFSI-1, HFBCS-1, KUTY) were
used to study the observed in [2] stable character of intervals in binding energies
(tuning e�ect in EB). This e�ect was checked in [3-5] by observation of maxima in
several distributions of �EB in a broad scope of nuclei with certain combinations of
di�erences of Z and N. Tuning e�ect exists only in experimental data and in Fig.1-2
some additional correlations with a period �=4.6 MeV found in [2] are shown.

Fig.1. Di�erences of EB in nuclei with �Z=8, �N=14 (left) and �Z=6, �N=10 .

Fig.2. Di�erences of EB in N-even nuclei (left) and in odd-odd nuclei [4].

The role of RIB-data in the check of the tuning e�ect in EB as a phenomenon
of the hadronic physics and possible connection of these e�ects with some unsolved
problems of the Standard Model [6] will be discussed.

[1] G.Audi and H.Wapstra, Nucl.Phys. A 595 (1995) 409.
[2] S.I.Sukhoruchkin, J. Phys.G: Nucl. Part. Phys. 25 (1999) 921.
[3] S.I.Sukhoruchkin, D.S.Sukhoruchkin, ENAM 98, AIP 455, p.134. (I)
[4] S.I.Sukhoruchkin, D.S.Sukhoruchkin, Nucl. Phys A 680 (2001) 98. (II)
[5] S.I.Sukhoruchkin, D.S.Sukhoruchkin, Proc. APAC2000, to be publ. (III)
[6] S.I.Sukhoruchkin, Proc. 3rd Symp. Symm. Subat. Phys., AIP 539, p.142 (2000).
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DIRECT OBSERVATION AND INVESTIGATION OF CONTROLLING AND
BREAKING SPONTANEOUS GAMMA-DECAY OF RADIOACTIVE NUCLEI BY THE

METHOD OF DELAYED GAMMA-COINCIDENCE

V.I.Vysotskii*, A.A.Kornilova, A. A. Sorokin, V.A. Komisarova, S. I. Reiman, G.K. Riasnii
*Kiev Shevchenko University, Radiophysical Faculty, 252033, Kiev, Ukraine

+Moscow State University, Physical Faculty, 119899, Moscow, Russia

The paper discusses the theoretical model and results of direct experimental investigation
of the phenomenon of controlling the probability of spontaneous gamma-decay and life-time
of radioactive Co57(Fe57*) nucleus. The phenomenon of controlled nuclear decay is a result of
interaction of the each excited nucleus with zero-energy electromagnetic modes, which in turn
interact with the controlling and controlled thin resonant screen [1]. In our previous
investigations the phenomenon of controlled decay was studied by the indirect methods both
intensity [2] and spectral width [3] measurements of the emitted gamma-radiation.

The aim of the present experiment was to investigate
the law of controlled gamma-decay of radioactive
Co57(Fe57*) nucleus by the direct method of delayed
gamma-gamma coincidence. A Co57(Fe57*) radioactive
isotope with energy hw21=14,4 KeV and very small

activity Q=0,1 mKu was used as a source of controlled
(suppressed) Mossbauer gamma-radiation 1. In the first
case the source was put in the center or near the edges

of the thin resonant screen 2, had a form of cylinder made of stable Fe57 isotope. In the second
case another thick cylinder 7 made of lead was put around the resonant absorber cylinder. It

totally absorbs both resonant and non-resonant
radiation in the range of energies close to hw21=14,4

KeV. Behind the diaphragm 3 there was an amplitude
detector 4 (thick NaJ(Tl) crystal) for detecting of first
quantum of decay gamma cascade with energy E32 =
122 KeV. Behind the diaphragm 5 there was another
amplitude detector 6 (thin NaJ(Tl) crystal) for detecting
the second quantum of decay cascade with energy E21

=14,4 KeV. The law of gamma-decay of the second
transition of the cascade in the final ground state of Fe57 nucleus  was the object of our
investigation. Two signals from the detectors 4 and 6 were used for measuring of time-
dependent law of gamma-decay in the processing system 8.

In the experiments we have discovered the change (increase) of radiative  life-time of
radioactive nucleus Fe57* by 10-40 % (in relation to resonant Mossbauer gamma-channel of
decay) and total life-time (including non-controlled non-Mossbauer gamma-radiation and
non-controlled electron conversion channels of decay of an excited nucleus) by 1 %. For the
first time the magnitude Dw0  » 1011 s-1  and positive sign of the radiative shift of first excited
nuclear level of Fe57 nucleus (nuclear analogy of the electron Lamb shift) were founded in
these experiments. The outcomes of the experiment correspond to the predictions of the
controlled gamma-decay theory [1].

1. Vysotskii V.I. // Physical Review C, v.58 (1998) 337.
2. Vysotskii V.I., Bugrov V.P., Kuzmin R.N., Kornilova A.A. and Reiman S.I. Hyperfine
Interactions, v.107 (1997) 277.
3  Vysotskii V I  Bugrov V P  Kornilova A A  Reiman S I  Intern  Conf  on the Physics of
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Neutron-deficient isotopes near the doubly magic 100Sn nucleus were studied intensively during the last 
years, especially in terms of the problem of missing strength in Gamow-Teller(GT) β decay [1]. At GSI, we 
produce those nuclei by using the mass separator on-line to the heavy-ion accelerator UNILAC. As part of 
an ongoing research program on β decay near 100Sn, we investigated 97Ag and 98Ag by using, as 
complementary spectroscopic tools, a Total-absorption Spectrometer (TAS) [2] and an array of 6 Euroball-
Cluster Ge detectors (Cluster Cube) [3]. The TAS is a highly efficient NaI detector, which allows 
measuring the β-intensity distribution rather than the individual γ rays. The Cluster Cube represents a 
compromise between high resolution and high efficiency. The evaluation of TAS data depends strongly on 
the knowledge of the response function of the TAS for each particular cascade. The information required to 
obtain the response function concerns excited levels and their de-excitation patterns, which can be 
determined only from high-resolution experiments. Thus, the “double strategy” of combining high- and 
low-resolution studies provides a tool to map the GT-strength distribution to high-excitation energies in the 
daughter nucleus. 

Based on the analysis of the Cluster Cube data [4,5], 603 γ lines (578 new) were placed in a decay scheme 
of 97Ag, which includes 151 excited states (132 new) of 97Pd, while 438 γ lines (414 new) and 173 excited 
states (163 new) were identified in the case of 98Ag. The “peel off” method [6] was used for evaluating the 
TAS data. For 97Ag, good agreement was achieved between TAS and Cluster Cube data, the summed GT-
strengths being 3.00(40) and 2.02(40), respectively. These results are considerably higher than the value of 
0.44 obtained in a previous experiment [7] using standard size Ge detectors. For 98Ag, the GT strength is 
2.7(4) from the TAS. However, the Cluster Cube data for 98Ag still miss a considerable amount of β 
intensities in the high-energy region, and thus it is not appropriate to derive a GT-strength distribution 
directly from it. 

The extreme single-particle model expects the decay of 97Ag and 98Ag to be dominated by the “core decay”, 
i.e. to mainly populate, after breaking a g9/2 pair, the 3qp and 4qp states, leading to a resonance at 97Pd and 
98Pd excitation energies of ~4 MeV and ~5.5 MeV, respectively. This GT resonance is clearly revealed by 
the experiment except for the Cluster Cube data in the case of 98Ag. The shell-model calculations within a 
so-called restricted SNB basis [8] reproduce both the centroid and the width of the GT resonance in both 
cases, despite a discrepancy in the summed GT-strengths. The GT-hindrance factors with respect to the 
TAS results amount to 4.3(6) and 4.6(6) for 97Ag and 98Ag, respectively, in agreement with the values 
expected from further configuration mixing within SNB model space. These large hindrance factors are a 
direct indication for the complexity of the actual nuclear wave functions compared to what one expects 
from the simplest single-particle shell model.  
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Search for Physics beyond the Standard Model via a

Polarization-Asymmetry correlation experiment on 118
Sb

P. Schuurmans1, B. Vereecke1, D. Beck1, M. Beck1, B. Delaur�e1, T. Phalet1, N. Severijns1, S. Versyck1,
J. Deutsch2, R. Prieels2, the NICOLE and ISOLDE collaborations

1I.K.S., K.U.Leuven, B-3001 Leuven, Belgium
2I.P.N., U.C. de Louvain, B-1348 Louvain-la-Neuve, Belgium

Although the Standard Model (SM) of the electroweak interaction agrees with all experimental data [1],
it has too many free parameters and ad hoc assumptions to be accepted as an \ultimate" description of
nature. Parity violation in particular is \explained" by the assumption that only left-handed fermions and
leptons participate in the charged current weak interaction. In the description of the weak interaction,
parity violation is built in by introducing the helicity projection operator (1 � 5) in the Hamiltonian.
Left-right symmetric (LRS) extensions of the SM, based on the SU(2)L 
 SU(2)R 
 U(1) gauge group
have been proposed to restore parity symmetry at high energies. Parity violation as observed at lower
energies is then caused by a Higgs-type mechanism. The simplest extension of the SM is o�ered by the
so called Manifest left-right symmetric model [2] which introduces a second charged gauge boson W2. It
acquires, by spontaneous symmetry breaking, a mass m2 that is higher than the mass m1 of the observed
gauge boson. The two bosons are proposed to couple with the same coupling constant g to the left- and
right-handed fermions with a mixing angle �.

WL = W1 cos � +W2 sin � WR = �W1 sin � +W2 cos � (1)

From the propagators of the interaction (q2 +m2
1;2)

�1 it is easily seen that for q2 >> m2, i.e. at high
energies, parity violation is restored. More general extensions [3] allow for di�erent coupling constants
and di�erent Cabbibo-Kobayashi-Maskawamixing matrices in the left- and right-handed sectors. In these
general LRS models, experiments in � decay are complementary to � decay measurements or to to direct
searches for heavy W bosons because other combinations of parameters are probed.

We report on a recent experiment searching for right-handed currents in the 118Sb nuclear �-decay that
may be found in a small deviation from the full (100%) parity violation. For this purpose we have de-
termined the correlation between the longitudinal spin polarization P and the �-emission asymmetry of
the positrons from the 118Sb decay. In general, the parameter P reects the helicity structure of the
weak interaction involved. When the decaying nucleus is polarized, it is possible to select the positrons
that are emitted in the parity-forbidden direction. In this way the the contribution of \normal" particles
associated with WL is decreased while the amount of positrons coming from WR is enhanced. As a
result, the sensitivity of our method to right-handed currents is signi�cantly improved. Moreover, by
comparing positron spin polarization data from a polarized and unpolarized nuclear source, the measure-
ment becomes independent of the precise knowledge of the analyzing power of the polarimeter. In this
experiment the 118Sb (t1=2 = 3:5m) activity was obtained as a daughter of 118Te (t1=2 = 6:0d) produced
at the ISOLDE isotope separator at CERN. The nuclei were polarized by means of low temperature
nuclear orientation in the NICOLE on-line refrigerator at temperatures of about 8 mK. The emitted
positrons were transported by an energy selective magnetic spectrometer to the polarimeter where the
spin polarization of the positrons was measured by time resolved positronium spectrocopy. At the time
of writing the analyses of the data is not fully completed. However, a preliminary assessment of the data
indicates that a lower mass limit for the WR of 350 GeV is within reach. This result makes the current
experiment the best precision test of parity violation in nuclear � decay.

[1] J. Deutch and P. A. Quin, Precision Tests of the Standard Electroweak Model, Ed. P. Langacker,
World Scienti�c, Singapore p706 (1995).
[2] M. A. B. Beg et al., Phys. Rev. Lett. 38 1252 (1977).
[3] P. Langacker and U. Sankar, Phys. Rev. C 40 1569 (1989)
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Meson Exchange Current E�ects studied in

First Forbidden Nuclear Beta Decay in the Lead Region

P. Schuurmans1, S. Versyck1, M. Beck1, D. Beck1, B. Delaur�e1, P. Herzog2, T. Phalet1, N. Severijns1,
D. Srnka3, A. Van Geert1, D. V�enos3, B. Vereecke1, D. Z�akouck�y3 and the NICOLE and ISOLDE

collaborations.
1Instituut voor Kern- en Stralingsfysica, University of Leuven, B-3001 Leuven, Belgium.

2Institut f�ur Strahlen- und Kernphysik, Universit�at Bonn, D-53115 Bonn, Germany.
3Institute for Nuclear Physics, ASCR, 250 68 �Re�z, Czech Republic.

In an atomic nucleus, mesons are exchanged by the constituent nucleons . The inuence of these Meson
Exchange Currents (MEC) is revealed in nuclear beta decay by a strong enhancement of the time-like com-
ponent of the weak axial vector current (

R
5) relative to its value deduced in the impulse-approximation

[1]. The enhancement factor �MEC can be determined by comparing measured ft-values of �rst forbidden
� transitions with shell model calculations since the matrix element

R
5 contributes to these decays. For

nuclei with A = 16� 132 is was found that the deduced values agree with MEC calculations that are
dominated by soft-pion exchange. In the lead region (A � 205{212) however, the \experimental" �MEC

is signi�cantly larger than the value expected from soft-pion exchange models [2]. In the last decade
various theoretical explanations have been proposed to explain this di�erence [see e.g. 4,5]. A possible
diÆculty with the method mentioned above is that all independent matrix elements that are involved in
the decay need to be calculated, making the deduction of �MEC susceptible to model assumptions.

Here, we report a new study of MEC in the 208Pb region in which besides the ft-values, also the exper-
imental � asymmetry parameters A1 are used. By combining these two quantities, the rank 0 and rank
1 contributions in the decay can be separated. Because of this, only the rank 0 matrix elements have
to be calculated to deduce �MEC yielding its determination signi�cantly less dependent on theoretical
computations.

The � asymmetry experiments were performed by low-temperature nuclear orientation (LTNO) using
cold on-line implantation at the NICOLE refrigerator on-line to ISOLDE at CERN and at the KOOL
set-up on-line to LISOL in Louvain-la-Neuve. To reduce the inuence of � scattering, � spectra were
recorded with cooled (8 K) planar Ge detectors looking directly at the sample. Data were taken on the
�rst-forbidden g:s: ! g:s: transitions in 205Hg ((�p 1

2
)� ! (�s 1

2
)+), 207;209Tl ((�s 1

2
)+ ! (�p 1

2
)�), 209Pb

((�g 9
2
)+ ! (�h 9

2
)�) and 213Bi ((�h 9

2
)� ! (�g 9

2
)+). The di�erent con�gurations of these nuclei allow

a study of a possible state dependence of MEC. For each decay, the matrix element
R
5 was extracted

using the newly measured A1 parameters and known decay rate data. The new experimental data on
�MEC near 208Pb will be compared with various MEC-calculations performed in the past decade [4-6] and
discussed in view of the discrepancy between theory and experiment in this region [2-3].

[1] K. Kubodera J. Delorme and M. Rho, Phys. Rev. Lett. 40, 755 (1978).
[2] E. K. Warburton, Phys. Rev. Lett. 66, 1823 (1991); Phys. Rev. C 44, 233 (1991).
[3] E. K. Warburton and I. S. Towner, Phys. Rep. 243, 103 (1994).
[4] K. Kubodera and M. Rho, Phys. Rev. Lett. 67, 3479 (1991).
[5] I. S. Towner, Nucl. Phys. A 542, 631 (1992).
[6] M. Kirchbach, D. O. Riska and K. Tsushima, Nucl. Phys. A 542, 616 (1992).

1



Isospin mixing in N � Z nuclei

P. Schuurmans1, M. Beck1, B. Delaur�e1, T. Phalet1, N. Severijns1, D. Srnka2, D. V�enos2, B. Vereecke1,
S. Versyck1, D. Z�akouck�y2 and the NICOLE and ISOLDE collaborations.

1Instituut voor Kern- en Stralingsfysica, University of Leuven, B-3001 Leuven, Belgium.
2Institute for Nuclear Physics, ASCR, 250 68 �Re�z, Czech Republic.

Isospin impurities occur when nuclear states with T 6= T0 are mixed into states with T = T0. It is
predominantly caused by the Coulomb interaction but possibly also by charge dependent terms in the
nucleon nucleon interaction. In the N = Z region isospin mixing is enhanced because of the increased
overlap between the neutron and proton wave functions. From an experimental point of view interest in
isospin mixing has been triggered by the development of accelerated heavy ion beams and the production
of doubly magic N = Z nucleus 100Sn [1]. Here isopin mixing should increases because of the stronger
Coulomb interaction in heavier nuclei. The understanding of isospin mixing is also important in tests of
the Standard Model of electroweak interactions. Particular tests of the Conserved Vector Current (CVC)
hypotheses and the unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix use the
ft � values of the supperallowed 0+ ! 0+ Fermi transitions which are subject to radiative (ÆR) and
isospin-impurity (Æc) corrections. Using data from [2] it is found that there is a deviation from unity by
2 to 2.3 �, or that unitarity of the CKM matrix is excluded at the 95% con�dence level [3]. A possible
explanation for this situation might be found in an underestimation of the isospin mixing corrections Æc
in the determination of the dominant Vud matrix element.

Theoretical calculations of �T = 1 isospin mixing have been performed using the shell model with an
empirical nucleon-nucleon interaction [4] and using the Hartree-Fock method with Random Phase Ap-
proximation [5-6]. Experimentally, isospin mixing in N � Z can be determined by observing E1  decays
or Fermi � transitions, both of which may vanish in the absence of isospin mixing. For E1  decay this
is only the case when N = Z (T0 = 0). Fermi � decay on the other hand is also sensitive to isospin
mixing when T0 6= 0 implying that also N � Z nuclei can be investigated. Because isospin mixing is only
appreciable in proton-rich nuclei, only �+ decay is involved. By comparing the selection rules for allowed
Fermi (�J = 0 ; �T = 0) and Gamow-Teller (�J = 0; 1 (0 6! 0); �T = 0; 1) � decay, it is clear that the
observation of a Fermi component in a J� ! J� , �T = 1 transition implies isospin mixing as the Fermi
strength can only originate from a �T = 0 contribution. In fact, the Fermi matrix element MF directly
yields the isospin mixing amplitude �.

Here we report on an experimental study of isospin mixing in the ground states of 52Mn (T = 1) and 71As
(T = 5=2) via anisotropic positron emission from oriented nuclei. The �+ asymmetry experiments were
performed by low-temperature nuclear orientation. To reduce the inuence of � scattering, � spectra
were recorded with cooled (8 K) Si PIN diodes and planar Ge detectors looking directly at the sample.
In addition, particular care was taken to ensure the purity of the radioactive sources. By combining the
measured positron asymmetry parameter with the experimental ft� value the magnitude of the isospin
forbidden Fermi matrix element in the Gamow-Teller dominated � decay was determined. From that, the
isospin mixing amplitude was deduced. Comparison with theoretical calculations show that the HF+RPA
overestimate the isospin mixing probability by more than two orders of magnitude.

[1] R. Schneider et al., Z. Phys. A 348, 241 (1994) ; M. Lewitowicz et al., Phys. Lett. B 332, 20 (1994).
[2] C. Caso et al., Eur. Phys. Jour. C 3, 1 (1998).
[3] H. Sagawa, Nguyen Van Giai and Toshio Suzuki, Phys. Rev. C 53, 2163 (1996); J.C. Hardy and I.S.
Towner, Int. Conf. on Exotic Nuclei and Atomic masses, Bellaire (Michigan-USA) June 23-27, 1998 eds.
B.M. Sherrill, D.J. Morrisey and C.N. Davids (AIP CP455 Woodbury, New York) 733 (1998).
[4] C. Yalcin and C.T. Yap, Nucl. Pys. A 153, 424 (1970); G.P. Bertsch and B.H. Wildenthal, Phys. Rev.
C 8, 1023 (1973).
[5] I. Hamamoto and H. Sagawa, Phys. Rev. C 48, R960 (1993).
[6] G. Col�o, M.A. Nagarajan, P. Van Isacker and A. Vitturi, Phys. Rev. C 52, R1175 (1995).
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Investigation of the Decay of Heavy Sn Nuclei using a Resonance Ionization Laser Ion
Source*

Jason Shergur, William Walters1 and the ISOLDE Collaboration2

1University of Maryland, College Park, MD 20742, USA
2CERN, Geneva, Switzerland

Recent studies on the decay of neutron-rich isotopes with A ~132, have been performed at the ISOLDE
facility at CERN using a Resonance Ionization Laser Ion Source. The selectivity and ionization efficiency
of this source has allowed for the study of Cu, Mn, Ag, Cd, and Sn neutron-rich species that are near
subshell closure N=40 and shell closure N=82 [1,2,3]. The selectivity of the laser ionization source results
from the specificity achieved from excitation and then ionization of desired products [4] that are produced
from a 1 GeV proton-spallation of a UC2 target. This ionization mechanism is accomplished by use of three
dye lasers that are tuned specifically to electronic transitions of the desired products. By combining gamma,
beta, and neutron spectroscopy, data were obtained for the half-lives and Pn values of 135,136,137Sn. In
addition, nuclear structure information was obtained for 135Sb following the beta-decay of 135Sn.

Heavy Sn nuclei, and all nuclei in the A~130 region are of both astrophysical and nuclear structure
importance. Astrophysical ramifications involve trying to understand the mechanisms responsible for the r
process abundance peak in the A~130 mass region.  In order to perform accurate r-process calculations,
precise measurements for β-decay half-lives, Qβ, Sn, and Pn are needed as far from the β-line of stability as
possible. Improved results for r-process nucleosynthetic calculations have been obtained using β-decay
half-life and Pn data for waiting point nuclei 129Ag and 130Cd [5].

The nuclear structure data obtained in this area is also of great interest because they allow for testing of the
shell model for small numbers of particles or holes outside the Z=50 and N=82 shell closures of 132Sn.
Data on nuclei in this area are particularly important for comparison of microscopic nuclear-structure
calculations. Studies of 133Sn have already shown the difficulties of ab initio mean-field and HFB
calculations to be able to account for the ordering and spacing of low-j orbitals [6].  The presence of low-
energy νp3/2 and νp1/2 in 133Sn, and other nuclei in various mass regions are attributed to monopole shifts of
single-particle states. Theoretical studies show that this behavior can be accounted for by a reduction in the
l2 term in the Nilsson potential [7].  Other ambiguities in the theoretical models of nuclei in this region
involve predictions for Gamow-Teller and first forbidden transition rates.  These rates reveal important
features of the structure of nuclei in the A~130 region, and also have serious implications on the
development of accurate theoretical astrophysical computations.  We report on the half-life and Pn values of
heavy Sn nuclei and discuss the potential astrophysical and nuclear structure implications.

[1] M. Hannawald et al., Phys. Lett. 82, 1391 (1999).
[2] M. Hannawald et al., Phys. Rev. C 62, 054301 (2000).
[3]  J. Shergur et al., Proc. NS2000, MSU, Nucl. Phys. A, in print, (2001).
[4] V. I. Mishin et al., Nucl. Instr. Meth. Phys. Res. B, 73, 550, (1993).
[5] K.-L. Kratz et al., Hyperfine Interactions 129, 185 (2000).
[6] T. Rauscher et al., Phys. Rev. C, 57, 2031 (1998).
[7] J. Dobaczewski et al., Phys. Rev. Lett., 72, 981 (1994).

*This work was supported by the U.S. Department of Energy.





Decay properties of some transactinide nuclides studied with the OLGA technique

H.W. Gäggeler 1,2,*

1Dept.of Chemistry and Biochemistry, Bern University, CH-3012 Bern, Switzerland
2 Paul Scherrer Institut, CH-5232 Villigen, Switzerland

The On-Line Gas chemistry Apparatus OLGA was applied to continuously separate transactinide elements and
to analyze the products for correlated α − α or α −sf decay chains. This technique has a typical separation time
of three seconds and an overall yield of about 10 %. This permits investigation of nuclides produced with cross
sections as low as 10 pb [1].
18O and 22Ne beams were used to bombard 244Pu, 248Cm or 249Bk targets at the PHILIPS cyclotron of PSI as well
as the UNILAC accelerator at GSI in order to form evaporation residues mainly from the 4n and 5n channels.
Besides investigation of chemical properties, the OLGA device was applied to study nuclear decay properties of
the nuclides 263Db, 265,266Sg and 266,267Bh.
We will report on the measured decay properties of these nuclides that have half-lives between less than one
second (266Bh) and about 30 s (263Db). They decay mainly via emission of α-particles and are clearly influenced
by the neutron shell at N=162.
An improved version of OLGA, the IVO device (In-situ Volatilization and On-line detection) has recently been
developed [2] that should give access to nuclear and chemical studies with nuclides (or elements) produced with
cross sections as low as 1 pb. Two examples of future IVO applications to chemical investigation as well as
nuclear decay studies will be outlined, the separation of hassium (element 108) in form of its very volatile
tetroxide and of element 112 as very volatile noble metal.
Based on the high performance of OLGA or IVO set-ups such on-line chemistry separators might be well suited
for future reaction studies at RIB facilities for product nuclides decaying via emission of α-particles or by
spontaneous-fission.

[1] R. Eichler et al., Nature 407, 63-65 (2000)
[2] Ch. Düllmann et al., Nucl. Instr. and Meth. A, accepted
_________________________________

*For the PSI-Univ.Bern-LBNL-GSI-Univ.Mainz-FLNR nuclear chemistry collaboration. This work was supported by the
Swiss National Science Foundation and the U.S. Department of Energy



Probing the Structure of Exotic Nuclei by Advanced Time-Delayed Methods;
Studies of µµµµs Isomers at LISE in GANIL and RMS at HRIBF

H. Mach1, M. Lewitowicz2, M. Stanoiu2, R. Grzywacz3,4, K. Rykaczewski5, F. Becker2, J. Blomqvist6,
 M.J.G. Borge7, R. Boutami7, B. Cederwall6, Z. Dlouhy8, B. Fogelberg1, L.M. Fraile7, G. Georgiev9,

H. Grawe10, P.I. Johansson11, W. Klamra6, S. Lukyanov12, M. Mineva13, J. Mrazek8, G. Neyens9,
F. de Oliveira Santos2, M. Pfützner4, Yu.E. Penionzhkevich12, E. Ramström1 and M. Sawicka4

1 ISV, Uppsala University, Nyköping, Sweden, (Henryk@studsvik.uu.se), 2 GANIL, Caen, France,
3 University of Tennessee, Knoxville, USA, 4 IFD, Warsaw University, Warsaw, Poland,

5 Physics Division, ORNL, Oak Ridge, USA,  6 Physics Department, KTH, Stockholm, Sweden,
7 IEM, CSIC, Madrid, Spain, 8 NPI Rez, Czech Republic, 9 IKS - KU Leuven, Leuven, Belgium,

10 GSI Darmstadt, Germany, 11 NFL, Uppsala University, Nyköping, Sweden,
 12 FLNR, JINR Dubna, Russia, 13 Lund University, Lund, Sweden

We have applied a novel time-delayed technique in order to determine lifetimes of the levels γ-fed from the
exotic (and thus weakly populated) µs isomers. The measurements were performed at the LISE spectrometer
in GANIL following fragmentation of the 76Ge 60 MeV/u beam on a 9Be target. An array of four BaF2
detectors, which time response was precisely calibrated at the OSIRIS separator at Studsvik, was employed to
search for level lifetimes from ~20 ns down to ~10 ps. The aim of the measurement was to verify theoretical
structure interpretation of a few nuclei in a close vicinity of 70Ni, via a strong pairing of g9/2 neutrons. Several
level lifetimes have been measured with high precision in 67,69,70Ni and 71,72Cu. Moreover, positions of gamma
rays in the decay schemes have been also firmly assigned. The absolute transition rates provide a new level of
information and more strict verification of the theoretical predictions. A preliminary result for the 694.1 keV
level in 67Ni is illustrated in Fig.1. A successful application of the BaF2 array opens new possibilities for
measurements of dynamic moments (via ps-lifetimes) in very exotic nuclei produced with very low intensity.

The N=Z=33 proton drip-line nucleus of 66As represents one of the most interesting cases of µs isomers. Yet
numerous experimental ambiguities in the knowledge of 66As prevent a meaningful comparison with theore-
tical calculations. The time-delayed measurements, descibed above, could remove much of the existing
ambiguities related to the postion of the γ rays in the decay scheme, level energies, spin/parities and the nature
of the observed γ rays below the isomers. This should clarify the relative position of the low-lying T=0 and
T=1 states crucial for the shell model interpretation of heavy N=Z nuclei. At present the most favourable
conditions to perform the ATD measurements on  66As exist at HRIBF at the Recoil Mass Separator (RMS).

67Ni

T1/2=157(10)ps

FIG.1. Left:The energy spectrum in BaF2(det-1) showing the 313 (ch~
1530) and 694 keV γ peaks (ch~3400). Middle: The coincident energy
spectrum in BaF2 (det-2) gated by the 694-keV γ-ray in BaF2(det-1). The
gate was set on the 694-keV full energy peak. Right:  A time-delayed
spectrum due to the 694-keV level in 67Ni gated by the 313-keV (start)
and 694-keV γ-rays (stop). Gates were set only on the full energy peaks. Ni
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Low Energy Tests of Fundamental Symmetries:
Achievements and Prospects �

O. Naviliat-Cuncic
Laboratoire de Physique Corpusculaire de Caen, 6 bd Mal. Juin, 14050 Caen, France

The standard model of electroweak interactions contains a number of ad-hoc assumptions and poses a
number of questions which are expected to �nd explanations in extended theoretical frameworks. There
is a general consensus that, whatever the shape of the extended theory might be, new phenomena should
manifest themselves either at the high energy frontier, which is accessible by exploring new energy do-
mains, or at the precision frontier, which can be probed at any energy where precision measurements are
possible.

It is well known that the nucleus is an attractive laboratory to perform precision experiments provided
the involved decays are properly selected. The study of correlation observables in nuclear �-decay of-
fer indeed simple means to perform sharp tests of the symmetry properties assumed by the standard
model of electroweak interactions. More speci�cally, measurements of pseudoscalar observables, like the
�-asymmetry parameter or the �-longitudinal polarization, and correlations involving an odd number of
polar and axial vectors, constitute sensitive probes to search for deviations from maximal parity violation
and from time reversal invariance in weak decays.

This paper will review such precision experiments which have made a signi�cant progress over the past
few years. In particular measurements combining the on-line production of an intense source of polarized
nuclei with high e�ciency polarimeters for the analysis of speci�c components of the �-polarization, have
tested discrete space-time symmetries with unprecedent precision [1,2].

The prospects of measurements under preparation at several laboratories will be addressed with empha-
sis on the precision aims required by new experiments to improve present limits on non standard weak
couplings.

[1] M. Allet et al., Phys.Lett. B383 (1996) 139; E. Thomas et al. (to be published).
[2] J. Sromicki et al., Phys.Rev. C53 (1996) 932.

�Some of the achievements described in this paper have been obtained at the Philips cyclotron of the Paul
Scherrer Institute, Villigen, by a collaboration between ETH-Zurich/ UCL-Louvain-la-Neuve and U.-Wisconsin
(Madison) the members of which might be found in the references.
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Spectroscopic studies of nuclei close to the proton drip-line in the region
Z = 30 � 38

M. J. L�opez Jim�enez1, B. Blank1, M. Chartier1, S. Czajkoswski1, P. Dessagne2, G. de France3,
J. Giovinazzo1, M. Lewitowicz3, V. Maslov4, C. Mieh�e2, P. H. Regan5, M. Stanoiu3

1Centre d'Etudes Nucl�eaires de Bordeaux-Gradignan, Le Haut-Vigneau, B.P. 120, F-33175 Gradignan Cedex,

France
2Institut de Recherches Subatomiques, 23 rue du Loess B.P. 28, F-67037 Strasbourg Cedex 2, France

3Grand Acc�el�erateur National d'Ions Lourds, B.P. 5027, F-14076 Caen Cedex, France
4Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research, 141980 DUBNA, Moscow region

Russia
5Department of Physics, University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom

During the last decade, several experiments aimed at studying neutron-de�cient nuclei near or at the
border of the proton drip line in the Z = 30� 38 region. New isotopes were discovered and the proton
drip line was indeed reached for odd-Z isotopes using projectile fragmentation [1-4] or fusion-evaporation
reactions [5,6]. A recent experiment of 78Kr projectile fragmentation, with the LISE (Line of Super
Stripped Ions) spectrometer at GANIL [7], was performed to study spectroscopic properties of those very
exotic nuclei :

1. decay of two isomers in 66As [8] as well as �-decay half-life determination for some nuclei in this
region [9]. These half-lives are important for the modelling of the astrophysical rp process and in
particular for the isotope �-emitter 65As, a key nucleus in the rp process ;

2. decay by � and � emission of odd-odd N = Z nuclei (62Ga and 66As), in order to determine, via
their half-lives, the universal Ft value for superallowed Fermi transitions [10] ;

3. decay of Tz = �1=2 nuclei (
67Se and 71Kr) by delayed �p emission to improve half-life and proton

branching ratio measurements, as well as to seek for a 71Kr isomer-to-be [11-14] ;

4. the very �rst measurement of half-lives and decay properties of 60Ga and 64As to �nd out if they are
proton emitters (they would be then the lightest ones known to-date) or � emitters (which would
open new paths for the rp process), and also obtain more accurate data on 61Ga et 65As,

the last results will be presented here.
The detection apparatus consisted of a silicon telescope, including a silicon strip detector (for x-y mea-
surements) where the ions were implanted and their following decays observed while keeping track of
the correlation between nuclei identi�cation and radioactivity. High e�ciency germanium detectors sur-
rounded the silicon telescope.
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Two-proton radioactivity as a genuine three-particle decay:
the 19Mg probe.

I. Mukha and G. Schrieder

Institut für Kernphysik, Technische Universität, 64289 Darmstadt, Germany

Two-proton emission, the specific case of three-particle decays, may be described by two
complementary mechanisms: the sequential emission of protons via an intermediate state,
and the simultaneous, or direct, emission of protons. The first mechanism includes also
the model of emission of “diproton”, or a 2He cluster with very strong pp-correlations.
This model is traditionally associated with the two-proton radioactivity, [1], which is
unobserved yet.
In the Ref. [2], a two-proton emission has been considered for the first time in a realistic
three-body model. This approach is suitable for treatment of a genuine three-particle
decay, where resonances in the binary subsystems are located at higher energies than
in the three-body system, and the emission process is non-sequential. This situation is
similar to the “borromean” property of bound halo nuclei (e.g. 6He, 11Li, 17Ne). Genuine
three-body decay modes are known for several states in light nuclei, e.g. 6Be [3], 9Be∗ [4],
12C∗ at 15.11 MeV [5]. The model is applied to candidates for the two-proton radioactivity,
the 19Mg and recently discovered 48Ni [6], which are likely to be bound to single proton
decay but unbound to two-proton decay.
The results of the calculations predict 1000 times larger life-times of 19Mg and 48Ni than
the traditional diproton model, e.g. up to 100 ps for 19Mg. Specific observable, p-p
correlations following the 19Mg decay, differ drastically in predictions of these models as
well. The strong pp-correlations which exist in the interior of the nuclei are significantly
smoothed in asymptotic by the proton pairing and Coulomb interactions.
We discuss the comprehensive experiment, in which a possible radioactivity of 19Mg might
be studied as its decay in flight by invariant mass method detecting all three fragments
in the 17Ne+p+p coincidences. The specific pp-correlations as well as mass excess and
life-time of the ground state of 19Mg can then be obtained. The 19Mg life-time may be
derived from the measured decay vertex distribution. Then a precise determination of all
fragment trajectories is needed that can be achieved by microstrip detectors. We show
that such an experiment could be performed using the radioactive beam of 20Mg, [7].
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Levels scheme of 147Eu

T.Ismailova, E. Isakulov

(Samarkand state university, Uzbekistan)

In presents work the energies and relative intensities of gamma rays, k conversional

electrons and Xk-rays have been determined with high accuracy. Also  multipoles of the

following  transitions were defined: 297,02(M1,E2); 341,31(E1); 346,28(M1); 506,59(M1,E2);

529,95(M1,E2); 882,09(M1,E2); 983,41(E1); 1399,25(M1,E2); 1676,33 keV (M1,E2).

As a results of analysis of the spectra of positrons two components )13(1160
1

=+β
E

and )5(933
2

=+β
E  keV have been given off. At this point )5(2185=+β

Q  keV. The new

coincidences of K 229,29 with transitions: γ778,04,  γ1232,76, γ1566,34, γ1586,80 and γ1676,33

keV were observed.

The spectra of gamma rays, internal conversion electrons (IWC), positrons and eγ-

coincidences have been analysed and on this base the   147Gd→147Eu decay  scheme was

constructed. New levels  were introduced in the decay scheme: 1007,40; 1337,70; 1771,94;

1816,06; 1816,46; 1838,82; 1874,69; 1905,05 and 1965,64 keV.

The existence of this levels, which were introduced earlier by assumption, is proved by
the analyses of eγ-coincidences. The quantum characteristics (Iπ) of level 1474,57 keV were
determined. In work the levels scheme of 147Eu is discussed in detail.



PROPERTIES OF SAMARIUM (A=145,147,149) ODD ISOTOPES NUCLEI

F.R. Akhmedzhanov

(Samarkand state university, Uzbekistan)

Values of spins of main states (I=7/2) in accordance with the cover model can  be

interpreted as states of odd neutron 2f7/2. An analysis of main and low located excited levels of

samarium odd-neutron nuclei with N=83,85 and 87 shows that the levels 3/2- of N=83 nuclei are

located higher than those for N=85 nuclei. Analogous behavior is observed for states 5/2- while

transition from N=85 nuclei to N=87 ones.
145Sm nucleus has one neutron over filled N=82 cover. The energy of first excited

state has high value (893,74 keV, 3/2-). Calculations using single-particle model well describe

characteristics of the following states: 0 keV (2f7/2), 893,74 keV (3p1/2) and 1423,22 keV (1h9/2)

in 145Sm.
147Sm nucleus has three neutrons over a closed cover. The energy of first excited state

121,25 keV (5/2-) is abruptly decreased.
149Sm nucleus has five neutrons over filled N=82 cover. First excited level of 149Sm

(5/2-) is analogous to corresponding level of 147Sm (5/2-). The following levels 277,08 keV (5/2 -)

and 350,00 keV (3/2-) of  the  149Sm, probably, have multi-particle configuration. Values of lgft

of corresponding β-transitions to these levels (8,4 and 8,2) allow one to make a conclusion that

their wave-functions contain admixtures of a state which is described by 1h9/2 orbit, β-transition

to the last is forbidden in accordance with l quantum number.

Even-even spanning set of 149Sm is a nuclid of 148Sm, which is soft for surface

vibrations. That’s why level 528,48 keV (3/2-), probably, in accordance with quasiparticle-

phonon model has the admixture of quasiparticle components in sub-covers f7/2, f5/2 (these levels

are energetically close) plus phonon Q1(2).

It is difficult to tell anything concrete about property of 558,41 keV (5/2-) level.

Values of lgft for β-transition to this state point out to either multiparticle configuration with

strong component of h9/2 orbit, or appearance of noticeable deformation.

As a whole, the model rather well describes the structure of levels for these nuclei.



PROPORTIES OF ODD ISTOPE 147Eu NUCLEUS

Z.Mahmudov
Samarkand State University, Uzbekistan

Spectra of γ-rays and electrons of internal Conversion (EIC) in the process
of 147Gd →147Eu decay have been investigated. A number of new unsufficiently
intensive gamma-transitions was revealed, and they were placed into the decay
scheme:

Gamma-transitions of 147Eu

In previous papers the basic experimental results, connected with the
investigation of Kx-, γ-radiation, electrons of internal conversion (EIC) and spectra
of positrons (β+) were published.

The present paper reports on new data and analysis of spectra of γ-rays, EIC
and positrons. There revealed a number of new unsufficiently intensive γ-
transitions, and a part of them is placed into the scheme of 147Gd →147Eu decay.

Experimental values of the coefficient of internal conversion (CIC) were
compared with the theoretical calculations, and multiplicities of 147Eu γ-transitions
were identified. In the process of calculation of an error in determination of a
relative intensity of K-conversion electrons, gamma-rays, and a coefficient of scale
connection. As a result, we determined the multiplicities of the following
unsufficiently intensive transitions:

Iγ (∆Iγ) Ik (∆Ik)Eγ (∆Eγ ),
keV arb. units

αk (∆αk) σL Ei Ef

537,68(8)
548,78(6)
647,01(1)
737,45(12)
751,81(13)
834,58(6)
918,15(24)
936,98(23)
948,29(5)
976,8(3)
1017,85(4)

0,15(3)
0,14(2)
0,12(2)
0,10(1)
0,28(4)
0,021(7)
0,07(2)
0,06(1)
0,16(1)
0,042(8)
0,18(1)

-
0,018(5)

-
0,003(1)
0,024(7)

-
-
-
-
-
-

-
0,019(6)

-
 0,045
0,013(4)

-
-
-
-
-
-

-
M1,E2

-
M1,E2

M1
-
-
-
-
-
-

-
-
-

1806,55
1874,69
1696,30

-
-
-

1838,82
-

-
-
-

1069,246
1122,714
861,640

-
-
-

861,646
-

The obtained results are original. In this paper we discuss the quantum
characteristics of the excited states of 147Eu nucleus.



A Digital Spectroscopy System for Charged Particle Studies at the RMS

J. C. Batchelder1, R. Grzywacz2,3, M. Karny2,3, J. W. McConnell4,

M. Momayezi5, K. Rykaczewski3,4, C. R. Bingham2,4, C. J. Gross4,6,

J. H. Hamilton7, W. Krolas2,7,8, and E. F. Zganjar9

1.  UNIRIB/Oak Ridge Associated Universities Oak Ridge, TN 37831 USA

2.  University of Tennessee, Knoxville TN 37996 USA

3.  Warsaw University, Warsaw, Hoza 69 Poland

4.  Physics Division, Oak Ridge National Laboratory, Oak Ridge, 37831 TN USA

5.  X-ray Instruments Associates, Mountain View, CA 94043

6.  Oak Ridge Institute for Science and Education, Oak Ridge, TN 37831 USA

7.  Vanderbilt University, Nashville TN 37235 USA

8.  Institute of Nuclear Physics, Krakow Poland

9.  Louisiana State University, Baton Rouge, LA 70803 USA

We have installed and commissioned a digital flash ADC electronics system for

proton decay studies using the Double Sided Strip Detector (DSSD).  This new system is

based on the Digital Gamma Finder (DGF-4C) units produced by X-ray Instrumentation

Associates (XIA) [1]. This system involves fitting the preamp signals via the on-board

processors.  The signal from the high energy recoil takes several tens of µsec to fall to the

baseline, fast decays will then appear as a small "pileup" signal on top of the larger

signal.  By fitting the two signals, we are able to observe decays within ~500 nsec of

implantation with a low-energy threshold of less than 300 keV.

Two modes of operation have been developed for the acquisition:  "Standard

Mode" and "Proton Catcher Mode".  In the standard mode, signals from the preamps are

analyzed and time stamped by the processors contained in the modules.  Each event

contains the energy amplitude of the signal and the time when it occurred.  The proton

catcher mode accepts only those events that occur within 10 µs of each other.  In this

mode, the processors record the entire signal waveform, which contains both the first

(larger) recoil signal , and the second (smaller) decay signal lying on top of it.

The "proton catcher" mode has been used in several searches for short-lived

proton emitters, and fine structure studies of 145Tm [2].  The use of our new digital system

has resulted in an order of magnitude gain in the rate for this short-lived isotope (3 µs)

over previous work [2] performed at the Holifield facility.

 [1].  M. Momayezi, et. al., Proceedings of International Symposium on Proton-Emitting Nuclei, Oak

 Ridge, Tn, 1999, (ed. J.C. Batchelder), AIP 518, 307 (2000).

[2].  M. Karny, et. al., to be published.

[3].  J. C. Batchelder, et. al., Phys Rev C 57, R1042 (1998).



E1-Resonances in Neutron-Rich Nuclei

N. Dinh Dang1;2, V. Kim Au1�, Toshio Suzuki3, A. Arima1;4

1RI-beam factory project o�ce, RIKEN, Hirosawa 2-1, Wako, Saitama 351-0198, Japan
2Institute for Nuclear Science and Technique, Hanoi - Vietnam

3Department of Physics, College of Humanities and Sciences, Nihon University, Sakurajosui 3-25-40,

Setagaya-ku, Tokyo 156-8550
4House of Councilors, 2-1-1 Nagata-cho, Chiyoda-ku, Tokyo 100-8962

The photoabsorption and electromagnetic (EM) E1 di�erential cross sections of for oxygen and calcium
isotopes are calculated within the phonon damping model (PDM) [1] including the superuid pairing
correlations. Clear pygmy dipole resonances (PDR) are seen in the EM cross sections in 18;20;22;24O
and some very neutron-rich calciums (50;52Ca). The present work demonstrates that the EM di�erential
cross section is a better probe for the PDR as compared to the photoabsorption cross section because, in
the former, the low-energy tail of giant dipole resonance (GDR) is enhanced. It also shows that, using
low-energy beams at around 50 { 60 MeV/n, one can separate PDR peaks out of admixture with the
GDR in the EM di�erential cross sections. An example for the energy-weighted sums (EWS) of pygmy
dipole resonance's (PDR) strength is shown in Fig. 1 for oxygen isotopes, where the results of calculations
within PDM are compared with the preliminary experimental systematic [2] and the prediction by the
cluster model sum rule (CRS).
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FIG. 1. EWS of PDR strength up to excitation energy Emax for oxygens. Results obtained within PDM with
Emax = 16, 16.5, and 17 MeV are displayed as open boxes connected with solid line, crosses connected with
dash-dotted line, and open circles connected with thin dashed line, respectively. The PDM results are shown in
units of Thomas-Reich-Kuhn sum rule (TRK) in (a), and in units of the total GDR strength integrated up to
30 MeV in (b). Experimental data (in units of TRK), obtained with Emax = 15 MeV, are shown by full circles
connected with thick dashed line. The dotted line is the prediction by CSR (in units of TRK).

[1] N. Dinh Dang and A. Arima, Phys. Rev. Lett. 80 (1998) 4145, Nucl. Phys. A 636 (1998) 427.
[2] T. Aumann et al., GSI scienti�c report 1999 (GSI 2000-1, March 2000) 27.

�address after January 1, 2001: Cyclotron Institute, Texas A&M University
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Gamma ray spectroscopy using radioactive beams at Notre Dame

S.M. Vincent1, A.A. Aprahamian2, F.D. Becchetti3, J.A. Brown4, T.W. O'Donnell3, V. Guimaraes2,
R.C. de Haan2, J.J. Kolata2, M. Lee3, D. Peterson2, D. Robertson3, P. Santi2, R. White Stevens2,

A. Teymurazyan2, J. Zimmerman3.
1University of Surrey, Department of Physics, Guildford, Surrey, GU2 7XH, UK.
2Physics Department, University of Notre Dame, Notre Dame, In 46556, USA.

3 University of Michigan, Department of Physics, Randall Lab, Ann Arbour, Mi 48109, USA
4 Millikin University, Decatur, Mi USA

Gamma ray spectroscopy has been performed from fusion evaporation reactions produced by a radioac-
tive beam of 6He on a Copper target. Only one other radioactive beam spectroscopy experiment has been
published to date [1] making this a state of the art apparatus. There are consequently many experimental
di�culties to overcome in the design of any such facility, and these will be discussed.

The radioactive beam facility at the University of Notre Dame nuclear structure laboratory [2-4] was used
to produce a beam of 6He at an energy of 28 MeV and with an intensity of 5�105 pps. This radioactive
beam was produced by 1 proton transfer from a 7Li primary beam on a gas cooled 9Be target. The sec-
ondary beam was separated from non-reacting primary beam using the `Twinsol' dual superconducting
magnet apparatus, and was then incident on a target of natural (63% 63Cu) copper. Two large volume
HPGe detectors were used to detect gamma rays from excited states in the secondary fusion evaporation
reaction fragments, and coincidence spectra will be presented.

FIG. 1. Coincidence spectrum from reaction of radioactive 6He on 63Cu, gated by 2+ !0+ in 66Zn.

[1] W. Catford et al., Nucl. Instr. Meth A371 (1996) 449

[2] J.J. Kolata, A. Morsad, X.J. Kong, R.E. Warner, F.D. Becchetti, W.Z. Liu, D.A. Roberts, J.W.
J�anecke, Nucl. Instr. Meth. Phys. Rev. Sect. B40/41, 503 (1989).

[3] F.D. Becchetti and J.J. Kolata, Application of Accelerators in Research and Industry, edited by J.L.
Duggan and I.L. Morgan, AIP Conf. Proc. No. 392 (AIP Press, New York, 1997), 369-375.
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Physics with Heavy Neutron−Rich RIBs at the HRIBF*

D.C. Radford1, C. Baktash1, A. Galindo−Uribarri1, C.J. Gross1,2, T.A. Lewis1, P.E. Mueller1,
 D. Shapira1, D.W. Stracener1, C.−H. Yu1, D.J. Hartley3 and L.L. Riedinger3

1 Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
2 Oak Ridge Institute for Science and Education, Oak Ridge, TN 37831, USA

3 Department of Physics and Astronomy, University of Tennessee, Knoxville, TN 37996, USA

We have performed an experiment using neutron−rich radioactive ion beams from the HRIBF
facility, together with the CLARION Ge detector array and the HyBall CsI charged−particle
detector array. A foil−plus−multichannel−plate detector was also placed at the achromatic focus
of the Recoil Mass Spectrometer [1] and used to detect recoiling reaction products. 

A beam of 118Ag (T1/2 ~2 s for 118mAg, T1/2 ~4 s for 118gAg) was produced by proton−induced fission
of 238U, and accelerated to 455 and 500 MeV in the tandem accelerator. These energies required
the use of the second stripping foil in the high−energy beam tube, but beam intensities on target
of approximately106 118Ag ions per second were obtained. The data collected consisted of γ−
HyBall coincidences, together with γ−γ−recoil coincidences where the recoil was detected in the
multichannel−plate detector.  The overall efficiency for detecting such products was about 40%. 

Two different reactions were used. Firstly, a target of 0.6 mg/cm2 12C was bombarded at 500
MeV. Fusion−evaporation reactions leading to the known nuclides 125,126I [1] (5n and 4n
evaporation) and 126Te (p3n) were observed, together with α3n evaporation to previously
unobserved states in 123Sb. Also observed were inelastic scattering events, where a scattered
12C from the target was detected with HyBall in coincidence with a γ ray detected in CLARION.
Inelastic excitation of the first 2+ state of 118Sn, from a weak (approx. 5%) isobaric contamination
of the beam can be clearly identified in the carbon−gated spectrum, suggesting an excellent
means of performing Coulomb−excitation B(E2) measurements of RIBs in future experiments. In
the γ−γ−recoil events, levels up to the known [2] 31/2− state of 125I were observed. 

Secondly, a target of 1.25 mg/cm2 9Be was bombarded at a beam energy of 455 MeV in an
attempt to observe new levels in the 4n−evaporation product, 123Sb. The γ−γ spectrum observed
in coincidence with recoils was virtually identical to the α−gated γ−ray spectrum from the C
target, confirming the assignment of the peaks to 123Sb. With the Be target, a large number of α
particles from incomplete fusion were also observed in the HyBall array. 

Results from this test experiment, and plans for future measurements with Sn and Te neutron−
rich radioactive beams, will be presented.

[1] C.J. Gross et al., Nuclear Instrum. and Methods, A450 (2000) 12.
[2] D.J. Hartley et al., private communication.
_________________________________

*This work was supported by the U.S. Department of Energy under contracts DE−AC05−76OR00033 and 
DE−AC05−96OR22464.



Triaxiality in Neutron Deficient Odd-Ta Nuclei?

M.S. Fetea and R.F. Fetea
Physics Department, University of Richmond, VA 23173, USA

The high-spin 2/11h  and 2/13i orbitals in odd-proton nuclei are convenient objects for studying the effects of
nuclear shape changes. For such intruder orbitals there is less ambiguity about the nature of the wave
functions than in the case of other orbitals.

Deviation from axial symmetry is generally expected for high-spin states. Although the signature splitting of
the excitation energies offers a clue for possible γ - deformation, it appears even in the presence of only β -
deformation. Therefore, in order to gain insight into the shape of the nucleus, the electromagnetic transition
strengths must be investigated.

We report on odd- Aneutron deficient Ta isotopes. Recently, data on 165Ta [1], the most neutron deficient Ta
isotope became available. Although data on some other Ta nuclei have already been analyzed by using the
cranking shell model or projected shell model, no attempt has been made to obtain a systematic trend from
the experimental data. For 165-179Ta isotopes, the shape favored by neutrons differs from the one preferred by
the protons. One might therefore expect shape coexisting states and nuclear potentials that are very soft in
the γ - degree of freedom. This was indeed obtained in the total routhian surface calculations [2].

The properties of the negative-parity 2/9]514[  bands of 165-179Ta are used to study the relation between the
signature splitting of the energies and the signature dependence of the 1M  transition elements in connection
with the deviation of nuclear shape from axial symmetry. The rapid increase of signature splitting with
decreasing neutron number in the bands associated with the same quasiproton configuration strongly
suggests that the observed trend is due to the properties of the even-even core and will reflect the nuclear
shape. According to the cranking shell model calculations even a 50% change in the pairing gap barely
affects the signature splitting. Also a variation of quadrupole deformation 2β  within the interval

29.016.0 − leads to small, almost constant signature splitting of the 2/11hπ  orbitals. It seems that for the
light odd-mass Ta isotopes only non-axially symmetric shapes can cause such an effect.

The analysis of the available experimental data on Ta isotopes indicates that lighter Ta nuclei exhibit an

appreciable amount of deviation from axially symmetric shape (up to o18−=γ for 165Ta).

[1]  D. G. Roux et al., Phys. Rev. C 63, 024303 (2001).
[2]  W. Nazarewicz et al., Nucl. Phys. A 467, 437 (1987).
[3]  W. F. Mueller et al., Phys. Rev. C 50, 1901 (1994).
[4]  W. Nazarewicz et al., Nucl. Phys. A 512, 61 (1990).
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6He+64Zn around the Coulomb barrier

A.Di Pietro1, P.Figuera1, F.Amorini1, C.Angulo 2, G.Cardella1, S.Cherubini2,T.Davinson3, J.Lu1,
H.Mahmud3,M.Milin 4, A.Musumarra1, A.Ninane2, M.Papa1, M.Pellegriti1, F.Rizzo1, C.Ruiz1,

A.C.Shotter3, N. Soi�c4, R. Rabe5, S.Tudisco1, L. Weissman5
1 INFN- LNS and Sezione di Catania, Universit�a di Catania, Italy.

2 Institut de Physique Nucl�eaire and CRC Louvain la Neuve, Belgium
3 Dapartment of Physics and Astronomy, University of Edinburgh, Edinburgh U.K

4 Rudjer Bovskovi�c Institute, Zagreb, Croatia
5 Departement Natuurkunde, Instituut Voor Kern-En Stralingsfysica, Leuven, Belgium

E�ects on the fusion cross-section are predicted by theoretical models in reaction induced by halo nuclei
below and around the Coulomb barrier [e.g. 1]. Di�erent models disagree about the role played by
the break-up of the loosely bound halo nucleon. The reaction studied experimentally so far are not yet
su�cient to clarify this physics[2-4]. No data for fusion evaporation reactions induced by halo nuclei
on medium mass targets below the barrier are available so far owing to the low beam current, small
cross-section and low evaporation residue (E.R.) energies. Moreover indirect E.R. detection, via on-line
or o�-line gamma spectroscopy, would also be very di�cult due to the combination of low E.R. yield with
low detector e�ciency.
The reaction 6He+64Zn was investigated in order to study the e�ect of the 6He structure on the fusion
cross section around the Coulomb barrier. An excitation function for fusion reaction was performed
by using the activation thecnique. The E.R. produced by fusion decay by Electron Capture (E.C.) so
they are detected and identi�ed by measuring the X-ray emitted after E.C. decay using a Si-Li detector.
The clear advantage of the o�-line X-ray technique is the 100% intrinsic detection e�ciency and the low
background for X-ray detection. We clearly identi�ed �ve E.R. previously predicted by statistical model
calculations (68Ge, 66;67;68Ga and 65Zn) with half-lifes ranging from 1 hour to 300 days. Di�erent iso-
topes of the same element which cannot be distinguished by atomic X-ray spectroscopy can be identi�ed
following the activity curve as a function of time. An activation run using a 4He beam was performed in
order to check the absolute normalisation by comparing our results with previously measured excitation
function for 4He+64Zn using radiochemical method [5]. Along with the fusion excitation function, elastic
scattering and transfer reactions were measured. The contribution of the transfer channel has been clearly
identi�ed for the �rst time in such kind of studies.
[1] C.Signorini et al. Nucl.Phys. A616(1997)262c
[2] J.J.Kolata et al. Phys.Rev.Lett. 81(1998)4580
[3] M.Trotta et al. Phys.Rev.Lett. 84(2000)5058
[4] C.Signorini et al. Eur.Phys.J. A2(1998)227
[5] F.H.Ruddy and b.d.Pate Nucl.Phys. A127(1969)305
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Angular momentum transfer in fragmentation reaction
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Spin oriented ensemble and angular momentum transferred to a nucleus produced by fragmentation re-
action process at intermediate energies are good tools to investigate such a process. Spin-aligned and
spin-polarised nuclei coming from fragmentation reactions have been studied by several group [1-3]. At
relativistic energies, it has been observed that the spin-alignment is related to the linear momentum
distribution of outgoing fragments [4]. It was then deduced that the angular momentum transfer, spin-
alignment and spin-polarisation are directly linked to the reaction mechanism involved.

Experiments performed recently using the LISE3 spectrometer fromGANIL facility have investigated the
fragmentation reaction mechanism at intermediate energies. The study of the angular momentumtransfer
occurred during this process have been performed by looking at the population of well known short-lived
isomeric states close as well as far from the projectile. The spin-alignment and spin-polarisation of out-
going fragments have been also studied by using the �-LMR and �-NMR experimental techniques [5].
For the �rst time, a spin-polarised secondary beam have been produced at GANIL.

Experimental results have been quantitatively reproduced in the framework of kinematical [6] and sta-
tistical [7] models of nuclear reactions. The predictive power of models shows the possibility to produce
isomeric useful for the study of reaction mechanism involved by isomeric beam, spin-aligned and spin-
polarised secondary beams by fragmentation reaction useful for nuclear moment measurements.
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Low Energy Fission of Heavy Exotic Nuclei *

G.G. Chubarian
Texas A&M University, Cyclotron Institute, College Station, TX 77843, USA

Results of investigation of shell effects in heavy ion induced low energy fission of transitional, Ac-Th, and
super heavy compound nuclei will be discussed. Mass, energy distributions of fission fragments, pre- and post-
fission neutron and gamma ray multiplicities from fission fragments will be presented.

Performed analysis of the experimental data for 226Th with the use of a new multicomponent method [1] has
shown that alongside the well-known modes, i.e., the symmetric (S) and two asymmetric modes standard-one
(S1) and standard-two (S2) [2], a high-energy mode standard-three has manifested itself (S3). The last named
mode appears due to the influence of the close-to-sphere neutron shell with N≈50 in the light fission fragment
group [3].

In detailed measurements of mean gamma-ray multiplicities from fission fragments of 226Th two components in
Mγ(M) distribution were established. They were associated with different conditions during formation of fission
fragments and it was shown that Mγ is very sensitive to symmetric and asymmetric modes and proprieties of the
scission point. Theoretical calculations of the pre-scission shapes of the fissioning nuclei 224,226Th confirm our
conclusions.

Future experiments with exotic beams on study of shell effects in low energy fission with will be discussed.

 [1] S.I. Mulgin et al., Phys. Lett. B 462, 29 (1999).
 [2] U. Brosa et al., Phys. Rep. 197, 167 (1990); P. Siegler et al., Nucl, Phys. A594, 45 (1995).
 [3] I.V. Pokrovsky et al., Phys. Rev. C 62, 014615 (2000).
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Systematics on cross sections from fragmentation and fission reactions
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Three reaction mechanisms provide the most promising prospects for the production of

secondary beams. Fusion is best suited for the production of nuclei near the proton drip line.

Fission specifically populates mid-mass neutron-rich isotopes. Fragmentation and spallation

reactions represent rather universal production mechanisms for both neutron-deficient and neutron-

rich exotic nuclei, since the fluctuations in the N-over-Z ratio are very important.  Due to these

large fluctuations, this is the most promising reaction mechanism to reach extremely exotic nuclei

over the whole mass range, if sufficiently high primary-beam intensities are available.  In

particular, it seems to be a unique process for the production of extremely neutron-rich isotopes of

elements above the region of fission fragments.

Computer models for understanding reaction mechanisms and predicting the cross sections of

fragmentation and fission processes have been developed in our group [e.g. 1,3].  A great amount

of experimental data on the production of residual nuclei in reactions at relativistic energies has

been obtained in several experiments recently performed at GSI in inverse kinematics [e.g. 2-7].

On the basis of these data, realistic parameters for model calculations can be deduced, and the

model predictions can be verified.

The good actual knowledge of the characteristics of the nuclear reactions allows for choosing

conditions optimised to specific needs for the secondary-beam production.  Using our experimental

data and models it is possible to give rather realistic estimates on the prospects for secondary-beam

production in next-generation facilities.
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The Cross-Sections of the Photonuclear
Reactions

T. Hazratov, A.Khamrakulov

(Samarkand state University, Uzbekistan)

The cross-sections of the photonuclear reactions (γ,γ'),
(γ,n) and (γ,2n) measured for the 92 nuclear in the region
between 12C and 238U. The measurements were
performed by the activation method on the
bremsstrahlung of the microtron with the boundary
energy of 13 and 22Mev.The cross-sections were
calculated using the modificated model of the
preequilibrium decay. The satisfactory agreement of the
experimental and calculated cross-section was observed.
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Negative Ion  Beam Production by Sequential Charge Transfer in Tandem
Mg and Cs Vapor  Cells

X. Zhao, V. Ryjkov, J. Lassen, Xi Li, and H. A. Schuessler
Department of Physics, Texas A&M University,

College Station, Texas 77843-4242, USA

Ion beams produced at an ISOL facility are usually positively charged.  However
the HRIBF at Oak Ridge National Laboratory requires negative radioactive ion beams for
injection in the tandem accelerator.  A general way applicable to many elements is to
change the positive ion beam into a negative ion beam by charge exchange in a suitably
chosen gaseous medium.  In this case, the charge exchange is a two step process where
the electron transfers first produce neutral atoms and then negative ions.  An
experimental challenge in this connection  is to produce a negative ion beam with a small
emittance by optimizing the selection and the thickness of the charge exchange medium.
For the example of producing a low emittance negative As beam, experiments were
carried out at UNISOR with either Mg or Cs vapors as the charge exchange medium.
The corresponding charge exchange rates were measured for different As beam energies
and the resulting beam divergences were estimated via the intensity decrease of the
transmitted beams.  While both vapor targets produced negative ions, Mg was shown to
be an excellent medium for making the first step namely neutral beams, and Cs for
making the second step namely negative ion beams from neutral beams.  This is due to
their difference in ionization potentials and electron affinities.  The results of the
measurements suggested the application of two charge exchange cells placed one after
the other, with Mg vapor in the first cell and Cs vapor in the second.  This  arrangement
was implemented and the tandem arrangement resulted in the minimum target beam
divergence for producing negative As beams.  Experimental results and rate equations
describing the two step charge exchange processes are discussed.  The experiment
demonstrated the advantage of properly choosing projectile-target combinations with
minimum energy defects .





Acceleration of Radioactive Ions with REX-ISOLDE
F. Ames1,2 for the REX-ISOLDE collaboration2

1Sektion Physik, LMU München, D-85748 Garching, Germany
2CERN, CH-1211 Geneva, Switzerland

The ISOLDE facility placed at CERN, Geneva has been successfully used for the production of radioactive ions
since more than 30 years. Until now the beam energy available is at 60 keV. The aim of REX - ISOLDE
(Radioactive beam EXperiment at ISOLDE) is to overcome this and to post - accelerate light (A� 50) radioac-
tive ions up to an energy of 0.8 - 2.2 MeV/u.  At this energy coulomb excitation and particle transfer reactions
can be used to study nuclear structure far of stability. For many cases this will be done via J -spectroscopy with
the MINIBALL, a 4S Ge detector array. First experiments plan to investigate neutron rich isotopes near to the
magic neutron numbers 20 and 28. Beside this, measurements in astrophysics, atomic physics and solid state
physics are planed. They will make use either of the availability of having highly charged radioactive ions or
the high and variable energy of them.

The setup is shown in figure 1. A unique system for beam preparation is used. It consists of a Penning trap for
beam accumulation and bunching and an electron beam ion source (EBIS) for charge breeding, which can
deliver a very clean beam of bunches of highly charged radioactive ions. An additional advantage is the fast
breeding time to reach an A/q value of about 4.5, which is necessary for the accelerating structures. For isotopes
below A=50 the required charge state can be reached within less than 20 ms. This enables it to handle also
short-lived isotopes. After a mass separator to choose the right A/q value a linear accelerator formed by an
RFQ, an IH structure and three 7-gap resonators is used to accelerate the ions. Finally there are two target and
detector stations, one for the installation of the MINIBALL and one for other experiments.

FIG. 1. Top view of the REX-ISOLDE post accelerator.

All components of the set-up are finished, tested and most of them are already installed at the ISOLDE facility.
The accumulation, cooling and bunching of ions delivered by ISOLDE, has been demonstrated with the
Penning trap. Acceleration up to 300 keV/u of ion bunches delivered by the EBIS with the RFQ has been
successfully carried out. The status of the commissioning of the whole installation, especially the interplay of
the different components will be presented.



TheRadioact iveIon Beam Accel erat orM AFF att heM unich H igh Fl ux React orFRM -II

W .Assm ann1,O.Engel s1,T.Faest erm ann2,M .Gr oß1,D.Habs 1,O.Kest er1

H.J.Kör ner2,H .J.M ai er1 and P.G.Thi rol f1

fort heM AFF collabor ation
1 Sektion Physi k,LM U M ünchen,Am Coul ombwall1,85748 Garchi ng,Germany

2TU M ünchen,JamesFranckSt r. ,85748 Garchi ng,Germany

Att he M unich hi gh f lux r eact orFRM -IIt he M unich accel eratorf orf issi on f ragm ents(M AFF)isunderdesi gn
[1,2]i n ordert o produce i ntensebeam sofver y neut ron-rich f issi on f ragm entsofup t o 1012 particl es/ s.Ther m al
neut ron i nduced nucl earf issi on i sthem ostsui tabl em ethod t o produceneut ron-rich i sot opes( 70<A<160)duet o
the l arge f issi on cr osssect ion and t he hi gh therm alneut ron f luxesi n m odern react ors.Thebeam satM AFF wi ll
bedel iver ed to exper im entsatl ow energy ( 30 keV)aswel lasathi gh ener giesbet ween 3.7 and 5. 9 M eV/u.The
neut ron rich i sot opesar eofi nteresti n m any di fferentf ieldsofnucl earphysi cs,ast rophysi cs,sol id st ate physi cs
and m edici ne.One of t he key exper im ents willbe t he pr oduct ion and t he st udy of t he nucl ear and at om ic
proper tiesofver y heavy el em entswith Z >100.An over vi ew oft hepr oduct ion m ethod ofneut ron rich i sot opes
by t herm alneut ron i nduced f issi on,oft hem achinel ayoutand oft heexper im entswillbeshown.

FIG.1. Schem at icoft heM AFF layout .

[1]O.Kest eretal .,Nucl .I nst r.and M et h.B 139 ( 1998)28- 36
[2]M AFF -Physi csCaseand Techni calDescr iption,
(http://www.ha.physi k.uni -m uenchen.de/m aff/)
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Photofission for the SPIRAL II Project

E. Baron∗∗∗∗ , B. Blank, D. Guillemaud-Mueller####, T. Junquera####,
F. Loyer∗∗∗∗ , D. Ridikasƒƒƒƒ, M.-G. Saint-Laurent∗∗∗∗ , D. Soulatges∗∗∗∗ ,

H. Safaƒƒƒƒ,

∗ GANIL, 14076 Caen, France
#IPN, 91406 Orsay, France

ƒCEA Saclay, 91191 Gif/Yvette, France

Abstract :

The SPIRAL II project at GANIL is aiming at a significant enhancement in the production
of some exotic ion over the current state of the art. One very attractive option is the use of
a rather compact electron accelerator, taking benefit of the giant dipolar resonance in
uranium through photofission. In this paper, a possible layout for the driver accelerator
and a preliminary design of the target is sketched. Target calculations including
Bremsstrahlung photon spectra and nuclear reactions are presented giving the expected
number of fission per second and the corresponding neutron flux. Hence, the estimated
exotic beam in-target production is deduced for some typical radioactive neutron rich
ions.



RADIOACTIVE ION BEAMS PRODUCTION WITH

PHOTOFISSION OF URANIUM ISOTOPES.

T. Khazratov, A.Khamrakulov

(Samarkand state University, Uzbekistan)

The use of a radioactive beam of ions with neutron excess
higher than in the stable 48Ca nucleus could solve the problem.
Reactions of cold fusion between massive nuclei with masses and
charges close to those of fission fragments may turn to be promising
for these purposes.

To make the picture complete, note that it is possible to use
extremely expensive, but very convenient photofissions on 238U and
235U.

The yield photofissions 238U and 235U fragments was determined
experimentally at a beam of electrons produced by the compact
accelerator of the microtron type MT-22S.

The facility MT-22S produces a beam of electrons with an
energy E e=13-22 Mev and intensity of 20 µA. A W plate 2 mm in
thickness was used a convertor.

A standard “sandwich” consisting of then U2O3 layer deposited
on an Al (20µm) backing and a plastic track detector (Mylar-50
µm) was used for the fission fragment registration. Pb plates of
various thick nesses imitating the solid U-target were placed in
between the “detector sandwiches”.

It is shown that in the interaction between an electron beam (22
Mev and 20µA in intensity) and uranium target of about 40 g/cm2 in
thickness, an average of 1,3⋅1010 fission events/second is generated.

According to the calculations and test experiments, this
corresponds to the yield of 132Sn and 142Xe isotopes of
approximately-108/s.

The photofission reactions of a heavy nucleus are compared
with other methods of radioactive beams production of medium
mass nucleus.



Ion source development of the on-line isotope separator at JAERI* 
 

S.Ichikawa,  A.Osa, K.Tsukada,  M.Asai, and  Y.Nagame 
 

Japan Atomic Energy Research Institute, Tokai -mura, Ibaraki 319-1195, Japan 
 
 
The JAERI on-line isotope separator (JAERI-ISOL) [1] at Japan Atomic Energy Research Institute, Tokai, is 
utilized to search for new isotopes and to investigate spectroscopic studies for nuclei far from stability. So far, 
two type of ion sources have been developed – a cavity type thermal ion source and a gas -jet coupled thermal 
ion source [2].  Both sources can give high ionization efficiencies for lanthanide and actinide atoms. With the 
previously established ion-source technique using mono-oxide ion formation in the thermal ion source [3], the 
new isotopes 121La, 125,127Pr were identified in heavy-ion fusion residues [4,5]. Further, with the gas -jet coupled 
thermal ion source, the new isotopes 159Pm, 161Sm, 165Gd,  166,167,168Tb produced in the proton-induced fission of  
238U have been identified [6]. 
 
Thereafter, to extend our investigation to the actinide region, the mass-separation of neutron-deficient 
americium and curium  isotopes produced via 233,235U(6Li,xn), 237Np(6Li,xn) reactions was attempted. For 
effective transport  of actinide atoms from the target chamber to the thermal ion source, we developed a gas-jet 
coupled multiple -target chamber. This chamber can be set about 20 target foils, thus, the effective target 
thickness of about 2 mg/cm2 is achieved. Then, we successfully applied to the identification of the new isotope 
236Am produced in the 235U(6Li,5n) reaction [7].   
 
To further the study of more neutron-deficient americium and curium isotopes, 233,234,235Am, 237Cm whose 
production cross sections are estimated to be 1-10 µb in  233,235U(6Li,xn) re actions and 1 µb in  237Np(6Li,6n) 
reaction, respectively, we needed the improvement of the overall efficiency and the stable operation of the ion 
source for long time without serious restrictions. The overall efficiency of 0.3-0.4% including ionization 
efficiency and transport one of the gas -jet system for americium atoms was achieved by using the He/PbI2 
aerosol jet system. A long operation of the whole system was examined in on-line experiment for the mass 
separation of 235Am produced in the 235U(6Li,6n) reaction. The beam intensity of 235Am was stable during the 
experiment. This indicates that the ion source can be stably operated for 100 h or more. The performance of the 
present system was demonstrated in an identification of the new americium isotope 233Am  [8].  
 
This contribution describes the performance of the multiple -target He/PbI2 aerosol jet system coupled with the 
thermal ion source used for the mass-separation of americium and curium isotopes produced in 233,235U(6Li,xn), 
237Np(6Li,xn) reactions. The identification of the new neutron-deficient 233Am [8] and 237Cm isotopes with this 
system is  also presented. In addition, the future plan using an integrated target-FEBIAD-type ion source and a 
surface ionization type one designed for mass separation of neutron-rich isotopes produced in the proton-
induced fission of 238U will be introduced. 
  
 
[1] S. Ichikawa et al., Nucl. Instr. Meth. B 70, 93(1992). 
[2] S. Ichikawa et al., Nucl. Instr. Meth. A 374, 330(1996). 
[3] S. Ichikawa et al., Nucl. Instr. Meth. A 274, 259(1989). 
[4] T. Sekine  et al., Z. Phys. A 331  ,105(1988). 
[5] A.Osa et al., Nucl. Phys. A 588, 185c(1995). 
[6] M.Asai et al., Phys. Rev. C  59,3060(1999). 
[7] K.Tsukada et al., Phys. Rev. C 57, 2057 (1998). 
[8] M.Sakama et al.,  Eur. Phys. J. A 9,303(2000). 
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Rate Measurements of Radioactive Neutron Rich Beams Produced via
Proton Induced Fission at HRIBF

M. N. Tantawy,1 J. C. Batchelder, H. K. Carter, G. Spejewski,2 R. Welton, D. E. Mueller, R. L. Auble,
J. R. Beene, D. Stracener,3 D. J. Hartley, C. R. Bingham1 K. Tsukada,4

1University of Tennessee,Knoxville, TN 37996,USA
2Oak Ridge Institute for Science and Education, Oak Ridge, TN 37831, USA

3Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
4Japan Atomic Energy Research Institute,Japan

A systematic study of the rates of radioactive nuclei produced via fragmentation was performed at the
Holifield Radioactive Ion Beam Facility (HRIBF). A Uranium Carbide target was bombarded with a 20
MeV proton beam with an intensity of 2 µA. Fission fragments were produced and separated by the ISOL
technique, and then implanted on a moving tape and transported to a Ge detector. Rates of individual
species from A=78 to 145 will be presented.
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Ion Sources used in the Production of Radioactive Ion Beams at the HRIBF 
 

G.D. Alton1, R.L. Auble1, J.R. Beene1, H.K. Carter2, D.T. Dowling1, J.W. Hale1, J. Kormicki2,  
Y. Liu1, G.D. Mills 1, P.E. Mueller1, S.N. Murray1, D.E. Pierce1, C.A. Reed2, 

D.W. Stracener1, B.A. Tatum1, R.F. Welton1, and C.L. Williams 2 
1 Physics Division, Oak Ridge National Laboratory,*  Oak Ridge, TN 37831, USA 

2 Oak Ridge Institute for Science and Education,†  Oak Ridge, TN 37831, USA 
 
 

Radioactive ion beams are produced at the Holifield Radioactive Ion Beam Facility (HRIBF) using the ISOL 
technique where the atoms are produced in a thick target, transported to an ion source, ionized, and extracted 
from the ion source to form an ion beam.  At the HRIBF, the radioactive ion beams thus produced are 
accelerated to 200 keV for injection into a tandem electrostatic accelerator, further accelerated up to a few MeV 
per nucleon, and then delivered to experimental stations for use in nuclear physics and astrophysics studies.  
The radioactive nuclei are produced via light ion (p, d, 3He, α) induced reactions on the target nuclei.  These 
production beams are provided by a K=100 cyclotron.  To date, the production beam intensities have been 
limited to 12 µA by the ability of the production target to withstand the deposited power. 
 
The types of ion sources used to produce radioactive ion beams vary considerably.  Since negative ions are 
required for injection in the tandem accelerator, most of the ion source development effort has been focused on 
improving the efficiency and durability of sources that produce negative ions directly.  Three such sources have 
been used at the HRIBF to produce radioactive ion beams, either on the RIB Injector Platform or during tests 
with low-intensity production beams at the UNISOR Facility.  In some cases, where the electronegativity of the 
element is relatively low, it is more efficient to make positively charged ions and then create negative ions by 
passing the low-energy positive-ion beam through a charge exchange cell containing a metal vapor.  At the 
HRIBF a cesium-vapor cell is used.  The ion sources used at the HRIBF are listed below. 
 
§ Kinetic Ejection Negative Ion Source (KENIS) [1] – used to produce beams of 17,18F from targets of 

aluminum oxide and hafnium oxide fibers. 
§ Electron Beam Plasma Ion Source (EBPIS) [2] – used to produce positive-ion beams of proton-rich 

isotopes of As, Ga, and Cu using liquid metal targets and F from fibrous oxide targets.  Also used to 
make beams of many fission fragments produced in a uranium carbide target. 

§ Batch-mode Cs -sputter ion source [3] – used to produce beams of long-lived nuclei from solid targets. 
§ Negative Surface Ionization Source [4] – utilizes a LaB6 surface to produce negative ions of bromine and 

iodine from a uranium carbide target. 
 

The poster presentation will provide more information on each of these sources, including the unique 
capabilities of each and their usefulness to the HRIBF. 
 
[1] G.D. Alton, Y. Liu, C. Williams, and S.N. Murray, Nucl. Instr. and Meth. B 170, 515-522  (2000). 
[2] Carter, H.K., et al., Nucl. Instr. Meth. B 126, 166 (1997).  (Lists of extracted beams and the measured 

intensites are available at www.phy.ornl.gov/hribf/users/beams/). 
[3] G.D. Mills, G.D. Alton, D.L. Haynes, and J.R. Beene, Physics Division Progress Rpt. ORNL-6957, Sept. 

1998 (available at www.phy.ornl.gov/progress/hribf/randd/hri031.pdf). 
[4] H. Zaim, Y. Liu, S.N. Murray, and G.D. Alton, to be published in Application of Accelerators in Research 

and Industry, edited by J. L. Duggan and I. L. Morgan, AIP Conference Proceedings, New York: American 
Institute of Physics, 2001. 
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Negative Ion Beam Cooling Using a Collisional RF Quadrupole Ion Guide

Y. Liu, J. F. Liang, G. D. Alton, J. R. Beene
Physics Division, Oak Ridge National Laboratory*

Oak Ridge, TN 37831, USA

H. Wollnik and Z. Zhen
Justus-Liebig-Universität, 35392 Giessen, Germany

The Holifield Radioactive Ion Beam Facility (HRIBF) uses the Isotope Separator On-Line (ISOL)
technique to provide accelerated radioactive ion beams (RIBs) for nuclear structure physics and
nuclear astrophysics research.  The radioactive ion beams produced are often mixed with isobaric
contaminants that compromise experimental results.  At the HRIBF, a magnetic mass separator
with a nominal mass resolving power of M/∆M ~20,000 is provided for isobaric purification.
However, in order to achieve this high resolving power in practice, a very high quality beam (one
with a very small emittance and energy spread) is required. The tandem accelerator at the HRIBF
requires negatively charged ions as input.  Negative-ion beams are most often generated in Cs-
sputter sources or by means of charge conversion of positive-ion beams.  In both cases, the
resulting negative-ion beams have inherently large emittances due to the large energy spreads
associated with the energetic sputtering or charge transfer processes.  Thus, the degree of isobaric
purification that otherwise could be obtained is limited by the rather poor qualities of negative
beams from these sources.

We have investigated the feasibility of cooling negative ion beams by injecting them into a gas-
filled RF quadrupole ion guide where their energies are dissipated in collisions with a buffer gas.
After reaching thermal energy distributions with the buffer gas, the ions can be re-accelerated to
form beams with the qualities required for effective mass resolution of contaminant and beams of
interest.  The objective of the present studies was to develop a system and evaluate its feasibility
for cooling negative RIBs to achieve beam qualities required for eliminating contaminant isobars
through magnetic analysis without sacrificing intensity.  To this end, we have constructed an ion
cooler, consisting of a deceleration stage, a gas-filled RF quadrupole, and a re-acceleration stage,
and used it to cool negative-ion beams with initial energy distributions >10 eV to energy spreads
~2 eV with an overall transmission efficiency of ~17% for F– beams.  A detailed description of
the collisional cooler and results derived from cooling experiments with both negative- and
positive-ion beams will be presented.

                                                            
* Managed by UT-Battelle, LLC, for the U.S. Department of Energy under contract DE-AC05-00OR22725.



A New Concept Kinetic-Ejection Negative-Ion Source for Rib Generation

G. D. Alton,1 Y. Liu,1 C. Williams2 and S. N. Murray1

1Physics Division, Oak Ridge National Laboratory,* Oak Ridge, TN 37831-6368 USA
2Oak Ridge Institute for Science and Education,† Oak Ridge, TN 37831 USA

Chemically active radioactive species are often released from target materials in a variety of
molecular forms.  For example, 17F is principally released from Al2O3 target material as Al17F.
Because of the low probability of simultaneously dissociating such molecular carriers and
efficiently ionizing their atomic constituents with conventional hot-cathode, electron-impact
ion sources, species of interest are often distributed in several mass channels in the form of
molecular side-band beams.  Consequently, beam intensities of the desired radioactive
species are diluted.  The sputter negative-ion beam-generation technique is particularly
effective for simultaneously dissociating molecular carriers and efficiently ionizing highly
electronegative atomic constituents.  Therefore, a new concept kinetic-ejection negative-ion
source (KENIS), based on this principle, was conceived to address this problem.  The source
has proven to be highly efficient for simultaneously dissociating and negatively ionizing
sputter-ejected atomic fluorine from cesiated surfaces.  The source has been successfully
employed on-line to generate high-intensity 17F – beams for use in the astrophysics research
program at the Holifield Radioactive Ion Beam Facility (HRIBF) using the 16O(d,n)17F
reaction.  The mechanical design features, principles of operation, operational parameters,
beam quality information (emittance data) and efficiencies for forming intense beams of 17F –

during off-line and on-line operation of the source are presented in this report.

                                                  
* Managed by UT-Battelle, LLC, for the U.S. Department of Energy under contract DE-AC05-00OR22725.
† Managed by Oak Ridge Associated Universities for the U.S. Department of Energy under contract DE-
AC05-00OR22750.



Selection of Refractory Target-Materials and Design of High Efficiency Diffusion-Release
Targets for Radioactive Ion Beam Applications

G. D. Alton1 and Y. Liu
Physics Division, Oak Ridge National Laboratory,2 Oak Ridge, TN 37831 USA

Many of the reactions fundamentally important in nuclear physics and nuclear-astrophysics are
inaccessible to experimental study using stable-beam/stable-target combinations and therefore
can only be studied with accelerated radioactive ion beams (RIBs).  As a consequence of
worldwide interest in these research opportunities, facilities have either been constructed or are
under construction for the production and acceleration of RIBs.  Several of the facilities utilize
the Isotope-Separator-on-Line (ISOL) technique.  Experimentally useful RIBs are often difficult
to generate by this technique, since they must be diffused from the interior of the target material,
effusively transported to the ionization chamber of the source, ionized, extracted, mass-analyzed,
and accelerated to research energies in a time-span commensurate with their lifetimes.  The
speeds at which these processes must take place, impose stringent requirements on the choice of
the most appropriate refractory-target-material; on the design of fast diffusion-release targets; on
the fabrication and optimization of fast vapor transport systems; and on the choice of the most
efficient ion source for RIB generation.  In this report, we define criteria for choosing target
materials and for designing mechanically stable, short diffusion-length, highly permeable targets,
and how vapor pressure, equilibrium concentration, and limiting temperature properties are used
to make their selection.  We illustrate the viability of the target design philosophy by providing
diffusion-release and vapor transport data for a selected number of radioactive species from
small diffusion-length, highly-permeable targets that have been successfully used for the
generation of RIBs at the Holifield Radioactive Ion Beam Facility (HRIBF).

                                                  
1 Direct inquiries concerning this report to: gda@ornl.gov.
2 Managed by UT-Battelle, LLC, for the U.S. Department of Energy under contract DE-AC05-00OR22725.



Negative Surface Ionization Source Equipped with a Spherical Geometry Lanthanum
Hexaboride Ionizer for Production of Negative Halogens for RIB Generation†

H. Zaim,1, 2 G. D. Alton1, Y. Liu,1 S. N Murray1 and C. A. Reed1

1Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
2Université de Versailles-Saint-Quentin, Versailles, France

A versatile, efficient, simple surface ionization source has been designed, fabricated, and initially tested for on-
line use in generating radioactive ion beams of members of the group VII A elements (F, Cl, Br, I, and At) for
the Holifield Radioactive Ion Beam Facility research program. The source utilizes a solid, spherical geometry,
low work function LaB6 ionizer (φ ≅  2.3 to 3.2 eV)[1] for ionizing highly electronegative atoms and molecules.
Despite its widely publicized propensity for being easily poisoned [2], no evidences of this effect were
experienced during testing of the source. Off-line evaluation in terms of ionization efficiency for generating
beams of Br- by feeding AlBr3 vapor at low feed rates into the source proved that the source is reliable, stable
and easy to operate. The results indicate nominal efficiencies of 15% for Br– beam generation when taking into
accounts the fractional thermal dissociation of the AlBr3 carrier molecule. The design features of the source are
illustrated in Figure 1. Principles of operation of the source, initial performance, operational parameter and
beam quality data (emittance) are discussed in this report.

                                                  
† Research sponsored by the U.S. Department of Energy under contract DE-AC05-00OR22725 with UT-
Battelle, LLC.
[1] H. Yamauchi, K. Takagi, I. Yuito and U. Kawabe, Appl. Phys. Lett. 29 (1976) 638.
[2] A. Avdienko and M. D. Malev, Vacuum 27 (1977) 583.

FIG. 1.  Schematic drawing of the negative surface ionization source equipped with the spherical
geometry LaB6 ionizer.



Effusive-flow of Pure Elemental Species in Tubular
Transport Systems: Radioactive Ion Beam Applications*

J.C.Bilheux1,2 and G.D.Alton2

1 Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
2 University of Versailles, France

Maximum practically achievable intensities are required for research with accelerated radioactive ion beams
(RIBs).  The principal means whereby short-lived radioactive species are lost between their formation and their
acceleration are time delays due to diffusion from solid or liquid target materials and effusive-flow transport
time to the ion source.  Then, these delay times must be minimized.  We developed an analytical formula that
can be used to calculate characteristic effusive-flow times through tubular transport systems, independent of
species, tube material, and operational temperature for entirely ideal cases.  This equation permits choice of
materials of construction on a relative basis that minimize the transport times, independent of transport system
geometry and size.

_________________________________

*Research at the Oak Ridge National Laboratory is supported by the U.S. Department of Energy under contract DE-AC05-
00OR22725 with UT-Battelle, LLC.



Thermal Modeling of UC2 and ZrO2 Targets for 1 GeV Protons

Y. Liu, D. Bhowmick, G. D. Alton and J. R. Beene
Physics Division, Oak Ridge National Laboratory,* Oak Ridge, TN 37831-6368

The intensity of radioactive ion beams (RIB) produced by the isotope separator on-line (ISOL)
technique depends on the production rate and the efficiency with which the radioactive species can be
transported out of the target and formed into an ion beam. In order to maximize production rates and
minimize transport delay times, targets that operate at the highest practical temperatures and
production-beam powers are desirable. High-efficiency-release targets that simultaneously
incorporate fast and efficient diffusion release properties have been successfully developed for the
generation of useful radioactive ion beam intensities for nuclear physics and nuclear astrophysics
research at the Holifield Radioactive Ion Beam Facility (HRIBF). Short diffusion lengths are achieved
either by using thin fibrous materials as targets or by coating thin layers of selected target material
onto low-density carbon fibers such as reticulated vitreous carbon fiber (RVCF) to form highly
permeable composite targets. We have conducted a variety of simulations of 1 GeV protons incident
on various low density, highly permeable targets in order to obtain the most uniform power deposition
profile. The finite-element thermal analysis code ANSYS was used to model the generation and
removal of primary beam deposited heat from these targets. Radiative cooling has been found to be
the most effective heat removal means for low-density refractory targets. In this report, we present
examples of calculated temperature distributions in UC2 and ZrO2 targets using parallel and
converging incident 1 GeV proton beams and illustrate the affect of beam heating and radiative
cooling on the temperature distributions within a number of fibrous and composite targets.

                                                            
* Managed by UT-Battelle, LLC, for the U.S. Department of Energy under contract DE-AC05-00OR22725.
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THE THEORY OF CONTROLLING THE SPONTANEOUS GAMMA-DECAY
OF EXCITED AND RADIOACTIVE NUCLEI

Vladimir I. Vysotskii
*Kiev Shevchenko University, Radiophysical Faculty, 252033, Kiev, Ukraine

The paper discusses the theory of controlling gamma-radioactivity of nuclear sources and
targets. For the first time we have created the theory of influence on the probability of
spontaneous radiation and life-time of gamma-radioactive nuclei [1]. We have considered the
general system which included the excited nucleus, the system of this nucleus electrons, the
system of zero-energy (in vacuum state) electromagnetic modes and the system of N resonant
or non-resonant atoms (screen) situated at the distance L>>leg from the excited nucleus. The

phenomenon of spontaneous nucleus decay controlling is a result of interaction of the excited
nucleus with zero-energy electromagnetic modes, interaction of these modes with the atoms
of screen, interaction of the excited nucleus with electrons system.
It is shown for the first time that the decay parameters greatly depend on the sign and
magnitude of the radiation shift (radiation correction) of the resonance level position (nuclear
analog of the Lamb shift for atom electrons.) This shift is determined by processes of nucleus
interaction with all zero-energy electromagnetic field modes (the lowest by energy or ground).
It was shown that the resonant screen effect in all cases appears to be more significant than for
the nonresonant one. It is shown for the first time that the most influence on the nucleus
spontaneous decay process will be realized in the case when the modes of the electromagnetic
field in the zero-energy state, which interact with the nucleus, occur to be mutually
synchronized. For this case the radiative life-time may be increased by many orders of
magnitude.
The methods of the gamma-decay optimization (e.g. change by several orders of spontaneous
radiative life-time) is also discussed

1. Vysotskii V.I. // Physical Review C, v.58 (1998) 337.



Relativistic Mean-Field Description of Exotic Nuclear Structure

D. Vretenar
Physics Department, Faculty of Science, University of Zagreb, Croatia

Models based on the relativistic mean-�eld approximation provide a microscopically consistent, and yet
simple and economical description of the nuclear many-body problem. By adjusting just a few model
parameters: coupling constants and e�ective masses to global properties of simple spherical nuclei, it
has been possible to describe many nuclear structure phenomena, not only in nuclei along the valley of
�-stability, but also in exotic nuclei with extreme isospin values and close to the particle drip lines.

The relativistic Hartree-Bogoliubov model has been applied in studies of structure phenomena that in-
clude: the strong isospin dependence of the e�ective spin-orbit interaction and the resulting modi�cation
of surface properties, the suppression of the spherical N = 28 shell gap for neutron-rich nuclei and the
related phenomenon of deformation and shape coexistence, the structure of the proton drip line nuclei
in the region 31 � Z � 73, and ground-state proton radioactivity in nuclei 53 � Z � 73. The model
has also been used to calculate parity violating elastic electron scattering on neutron-rich nuclei, and
neutron density distributions for atomic parity nonconservation experiments. The relativistic random
phase approximation, based on e�ective mean-�eld Lagrangians with nonlinear meson self-interaction
terms, has been used in the analysis of the dynamics of isoscalar dipole modes and of the structure of
pygmy resonances.

[1] G.A. Lalazissis, D. Vretenar, W. P�oschl and P. Ring, Nucl. Phys. A632, 363 (1998).
[2] G.A. Lalazissis, D. Vretenar, W. P�oschl and P. Ring, Phys. Lett. B418, 7 (1998).
[3] G.A. Lalazissis, D. Vretenar, and P. Ring, Nucl. Phys. A650, 133 (1999).
[4] D. Vretenar, G.A. Lalazissis, and P. Ring, Phys. Rev. Lett. 82, 4595 (1999).
[5] D. Vretenar, N. Paar, P. Ring, and G.A. Lalazissis, Phys. Rev. E 60, 308 (1999).
[6] G.A. Lalazissis, D. Vretenar, and P. Ring, Phys. Rev. C 60, 051302 (1999).
[7] D. Vretenar, P. Finelli, A. Ventura, G.A. Lalazissis, and P. Ring, Phys. Rev. C 61, 064307 (2000).
[8] D. Vretenar, G.A. Lalazissis, and P. Ring, Phys. Rev. C 62, 045502 (2000).
[9] D. Vretenar, A. Wandelt, and P. Ring, Phys. Lett. B487, 334 (2000).
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THE METHOD OF SPATIAL 3-D DETECTING OF REMOTE OR SOLITARY
RADIOACTIVE SOURCES BY CORRELATION OF INTENSITY OF RADIATION

Vladimir I.Vysotskii
Kiev Shevchenko University, Radiophysical Faculty, 252033, Kiev, Ukraine

The intensity correlation method of spatial and angular (three-dimensional) location of
solitary or remote sources of gamma-radiation or neutrons is suggested and studied. The main
idea of the method is based on the phenomenon of pair correlation of intensities Jj(t) = ej

|xj(t)|
2  and Ji(t+tij) =ei |xi(t+tij)|

2 of gamma-radiation measured by two separated detectors i
and j [1]. Here xk(t) = SnYk(Rk, t-tkn) are sums
of pulse spherical waves Yk(Rk, t-tkn) º F(t-
tkn)exp(ikRk)/Rk of gamma-radiation coming
from a remote gamma-source, location ro of
which is to be found. The pair correlation
function Kij(tij) of intensities Jj(t) and Ji(t+tij)
for two spatially separated independent
detectors, situated at ri = Ri+ro, rj = Rj+ro and
having the effectiveness ei

 and ej of the quantum
detecting,  equals

Kij(tij) = < Ji(t) Jj(t+tij)> - < Ji(t)> < Jj(t+t ij)>.
Here t ij= (Ri-Rj)/c is the time-delay of measured intensities Jj(t)

 and Ji(t+t ij) in different

detectors i and j from the same remote detected gamma-source.
For the studied case of quasi-stationary source of gamma-radiation and for the usual case

of the random Gaussian process of quanta detecting xk(t) the correlation function of intensity
has the form

Kij(tij) = eiej {<xi(t) xi*(t)> <xj(t+tij) xj*(t+tij)> + <xi(t) xj(t+tij)> <xi*(t) xj*(t+t ij)> +
<xi(t) xj*(t+t ij)> <xi*(t) xj(t+t ij)>} - <Ji(t)> <Jj(t+t ij)> = eiej |<xi(t) xj*(t+t ij)>|2 =

<ni> <nj>|
-�Dw

Dw

/

/

2

2
|F(w)|2exp(-iwt ij) dw|2.

Here F(w) = 
-´

´

� F(t)exp(-iwt) dt; |F(w)|2 - the spectral intensity (having the spectral half-

width dw) of the single detected gamma-quantum after detector (on the exit of detector);
Dw - the spectral band of the intensity correlator (signal acquisition and processing system);
<ni> and <nj> are the averaged quantity of detected gamma-quanta in the detectors i and j.

For the usual case Dw<dw we have the correlation function
                                       Kij(tij) » 4<ni> <nj> |F(0)|4 |sin(Dwtij)/tij|

2.
The maximum value of this correlation function is equal Kij(0)= 4<ni> <nj> |F(0)|4 |Dw|2  and
corresponds to the additional delay Dt ij = -tij of the registered intensity signal Ji(t+t ij) from
one of the detectors (i) or both detectors (i and j) introduced in the correlator.

For three-dimensional location of the remote source of gamma-radiation it is necessary to
use three or more spatially separated independent detectors, situated at r1, r2, r3,..., and three
or more independent intensity correlators.  For this case the position of the detected remote
source r0={x0, y0, z0} of gamma-radiation may be calculated using the system of equations

[(xi- x0)
2+(yi- y0)

2+(zi-z0)
2]1/2 +cDt ij = [(xj- x0)

2+(yj - y0)
2+(zj-z0)

2]1/2;
for maximum values of correlation functions Kij(0) for different pairs ij (i¹j=1,2,3...) of

gamma-detectors.

 [1]  Rusov V D , Vysotskii V I  and Zelentsova T N  Journal of Nuclear and Radiation

 

   Remote gamma-source

             R1=ct                             Ri=c(t+tij)

             Detector j                    Detector i
           Jj(t)   Ji(t+tij)

  Delay j             Intensity                             Delay i

                Jj(t)    correlator      J i(t+tij+Dt ij)
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WEAK PAIRING CORRELATIONS WITHIN A SELF-CONSISTENT 
APPROACH CONSERVING EXPLICITELY THE PARTICLE NUMBER 
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The description of the structure and elementary excitations of atomic nuclei within the 
HFB or its BCS approximation, suffers from well-known deficiencies in weak pairing 
regimes. Such situations are encountered for instance at or near (sub-)shell closures, at 
high enough angular velocities and for quasi-particle states such as high-K isomers. 
These defects have been attributed to the particle number particle breaking inherent to the 
HFB approximation. In this contribution we would like to propose and illustrate a 
tractable method which is free from these difficulties in that it conserves explicitly the 
particle number yet preserves the computational environment of state of the art HFB or 
HF plus BCS calculations, using e.g. Skyrme or Gogny current parametrisations of the 
effective force. Its purpose may be summarized by qualifying it of highly truncated self-
consistent deformed shell model calculations. It starts from the hamiltonian H = K + v, 
where K is the kinetic energy and v the 2-body effective force. Introducing a mean field 
V one may trivially rewrite H as H = K + V + w, where w = v – V is the residual 
interaction. The latter is diagonalized in a n-particle/n’-hole basis built on the sp 
eigenstates associated with the 1-body Hamiltonian H = K + V. The rate of convergence 
of the solution in terms of the complexity factors of the considered basis states (n or n’) is 
of course contingent upon a judicious choice of V. This potential is defined as the 
convolution of the 1-body reduced density matrix ρ associated with the correlated 
wavefunction Ψ in a HF fashion, i.e. V = tr ρ v’, where v’ stands for the antisymetrized 
interaction v. The problem has thus to be solved self-consistently so as to incorporate in V 
all the 1-body properties associated with Ψ. We have performed such calculations using 
the standard SIII Skyrme force [1] for the p-h channel and a delta force fitted for BCS 
calculations for the p-p channel [2]. The discussion of our results will include some 
general aspects of our method as the fast convergence of the calculations. Indeed, for 0+ 
solutions, we have shown that 3p-3h configurations do not add any significant physical 
results while pair transfers, in accordance with the physical ideas supporting the BCS 
ansatz, are found to be the dominant correlation mechanism. We will also show that near 
some shell closures, the pairing correlations which are vanishing in a BCS approach, are 
quenched yet still present in our approach. Various isomeric state energies of the 178Hf  
nucleus are reproduced within 100-200 keV, demonstrating thus the ability of our 
approach to deal, using the same Hamiltonian, with strong pairing solutions as well as 
with solutions where the pairing correlations are reduced due to the well-known blocking 
effect in qp isomers. To conclude, we stress that the method which is presented here, 
while respecting an important conservation rule, appears to be both tractable and 
physically successful. 
 
[1] M. Beiner et al., Nucl. Phys. A238 (1975) 29. 
[2] S.J. Krieger et al., Nucl. Phys. A517 (1990) 275.   
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Atomic Electric Dipole Moments and Time-Reversal Symmetry Violation:

Role of Ocupole Collectivity �

J. Engel
Department of Physics and Astronomy, University of North Carolina, Chapel Hill, NC 27599

Time-reversal symmetry violation has so far been observed only in kaons [1], and its orgin is still unclear.
The search for electric dipole moments (EDMs) of neutral atoms provides a complementary window onto
the same phenomenon. Experiments that search for EDMs can bene�t by using atoms in which the
moments can be enhanced by structural e�ects in either the atom or the nucleus.

Here we discuss an enhancement of the EDM in atoms whose nuclei have strong octupole correlations
in the ground state [2,3]. After giving a rough estimate of the size of the enhancement, which depends
sensitively on the matrix element of the time-reversal-violating nucleon-nucleon interaction, we discuss
self-consistent mean-�eld calculations designed to capture the enhancement more precisely. We conclude
that a source of radioactive octupole-deformed nuclei such as 225Ra and 223Rn would be worthwhile.
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