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CLOSING COMMENTS ON THE WORKSHOP ON
SHORT-LIVED NUCLEAR BEAMS

GGERALD T. GARVEY
Los Alumos National Laboratory
Los Alammos, New Mexico 87545

It was a gr~at pleasure to have heard so many interesting and forward-looking talks at
the plenary sessiors and vigorous discussion within the working groups. One feels being in
on the emergence of a new ficld, which is very exciting. As time is quite short my remarks
will be by way of observations and coraments rather than an attempt to summarize this
stimulating and diversified conference.

First, there is clearly an ever increasing interest in this area of research. For example,
note the recently expressed interest of Brookhaven National Laboratory (BNL) and the
Rutherford Laboratory in using their proton beams to provide a basis for a radioactive
beam facility. There is also, | can assure you, great interest at Los Alamos in studying how
effectively LAMPF vcan provide an outstanding facility for this community. As you know,
we have :.n B00-MecV, 1000-¢A proton beatn that uught provide the very best source of
short-lived nuclei in the world.

There seemed tc be some initial feelings of competition between those advocating pro-
duction of exotic beams by fragmentation and those who want to achieve it via spallation.
I see no need for this apparent contest. The production of beams via fragmentation creates
useful vields in the vegime above 100 MeV/amu. To get high-quality beam at lower energy
via this process requires collecting these fragients in a storage ring, cooling them, and then
collecting and deaccelerating them, but that takes time and so the technique will not likely
he profitable with nu~lej whose lifetime is less than say a minute, It also seems unlikely that
it would be profitable to accelerate radioactive beams generated via spallation from thermal
energies to much above 10 MeV /amu. Thus, it appears that there is a natural separation in
the ficld between high-energy beams from fragmentation and low-energy beams produced
by acceleration following production vin spallation. The physics in the two regimes is quite
different as the lower energy Mcuses on issues of nuclear structure while the higher eneties
deal with nuclear properties such as the equation-of-state,

If you would allow me a moment 1o reminisce, I can tell you how 1 first got into
the interesting business of exotic nuclei, At Lawrence Berkeley Laboratory (LBL) in the
summer of 1965 there was great excitement as *lle nad been discovered by Poskanzer ')
and collaborators and its mass had been measured 2) by Joo Corny's group at the Lawrence
Berkeloy Laboratory (LBL) ¥8-inch eyclotron. The question of the moment was whether or
not '""He was siable, Tu dealing with that question, the idea of employing mass difference
equations *) was developed, It is, of course, evident that Large binding for *He makes it
easier for ""He to decay into *He ¢ 20, By way of a further temark, a fow years Lner |



realized that insofar as °He is a doubly magic nucleus its mass could be directly predicted
using the Cohen and Kurath *) matrix elements (T = 1, 1p shell).
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using their (6-16)2BME matrix elements. In the above expression ¢j indicates the single
particle energies while the other terms are the (2J + 1) weighed values of the two-body
T = 1 interaction energies. The fact that this procedure predicts 'He to he unbound
against decay in *He + 6n was a further clear indication of its instability against strong
decays. Of course, '°He has not been found to be stable. However, ''Li has been discovered
and is a very interesting case. ''Li drew much attention at this conference. The talk by
Ingamar Ragnusen *) was very informative in this regard. It is very interesting to under-
stand the wave function of !'Li in shell rnodel terms. Of course, the radial wave function
of the last two neutrons will be unusual because of their very small separation energy $3,
(Li) ~ 0.2 MeV, whatever their shell model configuration. The question is. “What is the
orbital of the last two neutrons in '}Lig?” Are all the nucleons in the 1p shell, or does
the system take advantage of the possibility that both the last two neutrons and third
proton can gain energy by takirg on the prolate deformed orbits (K = 1/2) as shown
in Fig. 17 A similar argument could
be made for !}Ber, which has a J™ =
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(1/2)* ground state! In the discussion eoo 28340
folowing Ragnusen's talk John Schif- 2 2001 2]

fer pointed out in experiments done 3
at Argonne many years ago on the
10Be(d, p)!'Be reaction the spectro-
scopic factor for the !B ground state
was found to be 5 = 0.73 £ 0.06 %).
Such a latge value would not be com-

patible with a deformed A = 1/2% P2} T /(no?\::

Nilsson orbit, as one expects a value
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However, John has more faith than | 1k 7\
do in our ability to extract absolute 2 SRS
spectroscopic factors from these reac- v R
tions. In a very deformed case the or- )
bit could be appreciably larger than ose
one generated in a apherical potential Fig. 1. Figure sliowing the energies of single-
and might lead one to considerably particle orbits as a function of deformation
overestimate the spectroscopic factor parameters for the anisotropic oscillator. The
from the measured yield. Be that as orbits are labeled by the asymptotic quantum

it may, it remaius a challenge to deter- nuambers (N nyAQ) for large prolate deforma-
mine the nature of exotic light nucle tion.



that may be undergoing deformation in those cases where both the last protons and ne utrons
have the possibility to lower their energy by assuming deformed orbits.

Another remark that caught my attention was Frank Stephen’s observation that be-
canse the Coulomb interaction tends to induce fission the formation of high-spin systems
that are richer in neutrons might let experimenters reach even larger angular momenta, At
present, high-spin studies are of necessity carried out on the proton-rich side of the valley of
stability. A rule-of-thumb appears to he that for each neutron supplanting a proton about
one unit of angular momentum can be picked up without danger ol fission. This gain in
angular momentum before fission may be all that is needed to make ultra-deformed states
(ratio of major to minor axis of 3/1) observable. This shape should come down to the
vrast line at sufficiently high spin both because its moment of inertia is larger and ceriain
single particle states will benefit from the large Coriolis interaction. The production of
neutron-rich beams of medium- 4 nuclei to use as projectiles in forination of high-spin levels
should let one gain the order of five units in .V — Z and hence in angular momentum of the
decaying systems. The unambiguous discovery of physical states with a (3/1) deformation
would be most exciting.

One cannot fail to be impressed with the power of the nuclear models developed by
Bohr-Mottelson, Nilsson, and further elaborated by Strutinsky. They have provided un-
canny direction in understanding the behavior of nuciei at high spin. These models work
so well that there really needs to be some careful study to determine how well these models
of nuclear spectra should work. Only with a sharper understanding of the limits of this
family of models can one eflectively pursue this subject at greater depth. The experimental
apparatus hes become so powerful that researchers can comb through data and reject “un-
interest ng” docays to get at the specific type of system that one wants to examine. Whiie
very beautiful, and at some level very satisfying, what are we learning that would alter
our view of the nature of nuclear excitations? With respect to the yrast line, the lowest
Iying ultra-deformed states will very likely have very small matrix clements coupling them
to the neighboring levels. This is because it will have an intrinsic state made up of several
high angular mowentum single particle states. A glance at a Nilsson diagram for this large
deformation and high rotation shows many crossings of single particle states. Each of these
crossings requires a two-body interaction to rescatter the particles; henee the mixing matrix
clements are small and the ultra-deforied states near the yrast line will appear to be very
pure. One needs carefully formulated questions to investigate this matter at a depth that
will reveal new information about nuelear behavior.,

Attention should also be paid to investigating appropriate detector schemes for exotie
beam research. ‘The low intensitios necessarily associated with exotie beams will require and
allow detection systems of much greater acceptance than are now employed. There may
be some very interesting and profitable trade-offs to be made between efficient detection
systems and heroie efforts to inerease the beam intensity,  Ounee the beam drops below
10% s ', it should be easy to abserve and analyze cach incident particle.

T'his has been an excellont and pleasurable workshop, and one readily sees the commu.
nity of nuclear structure physicists rallving around a new and exeiting possibility to expand
our understanding of the atomic nucleus in its more exotie, quantum states. Your idea to
organize a steering committee that is not site nor technology specifie is an oxcellent idea at
this time. [ don’t think there is a single idea or system: yet so compelling that the entire



nuciear plivsics community will rally behind ir. However, I believe that by working hard

on the scientific opportunities provided by exotic beams and the means of producing them,

vou will develop an irresistible plan. It is exciting seeing this process in moticn!
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