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Since the last annual report the

M3SU-84.429
construction of the RPMS has been completed and ¢
it has been used to separate and study several 6‘@‘} G“\
heutron rieh 1ignt isotopes. Thig device was 6\_ _\\5"\
described in some detail at tpe Oak Ridge P
Conference on Instrumentation for Heavy Ton Q‘Pe &
_Nuelear Research! + The mechanjecal layout of the r (
RPMS is shown jin Fig. 1. S ————

In the rirst Tuns with the RPM3S we
concentrated on learning how to tune the device
to acheive m/q focus at the focal plane, Fig »
shows the focal plane detector seg up which hasg
been used so far, The detectors are positioned

in the aip Just outside a vacuum window at the
end of the beap tube at the tall of the RPMS.
There are adjustable brass defining 3lits in
front of g 2-dimensional position—sensitive gas

Fig. 2 Schematie drawing or the focal plane
pProportional counter. Behing the gas counter is detector arrangement,

4 AE-E silieon detector telescope for isotope

ldentif‘ication. To tune the RPMS a 35 that the yielrq Of neutron rieh fragments was
MeV/nucleon MN beam was Stopped in a Be target much greater from the Ta target. This is
and He, Li and pe fragments which benetrated the Consistent witp some Preliminary results
target were focused by the RPMS to the detector reported with the 4o MeV/nucleon argon beams at
system. Ganil. Sampie data with the RpMs tuned near

Neutron rich light isotopes Were produced m/q=3 and at low and medium dispersion are shown
by using a 30 MeV/nucleon 180 5+ beam. Targets ir Fig. 3. These data were recorded with the
of both Be ang Ta were tried ang it was found RPMS positioned at 0 degrees.
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Fig. t Pictoria} drawing of the RPMS. The beam inflector magnet is the fipst component at the lert,
fallowed by the beliows 3ystem and target chamber, aperture holder, quadrupole doublet, Wien filter (5m
long) with high voltage Supplies on the top right end, magnetic dipole andg Pivoting mgaiie with
quadrupole doublet and focal plane detectors at the right end,
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LIMITS ON CHARGE SYMMETRY BREAKING IN THE NUCLEAR MEAN FIELD

J.S. Winfield, Sam M. Austin and Ziping Chen

Whether charge symmetry is broken in the
nucleon-nucleon interaction has long been a
problem of 1ntere5t1. Although nucleon-nucleon
scattering experiments have become more precise
the

present limits do not preclude that charge

and their interpretation less ambiguous,

symmetry breaking (CSB) of the nuclear mean
field might have significant effects on nuclear
phenomena. Perhaps the beat evidence for such
effects is the Nolen-Schiffer or Coulomb energy
anomalyz. Negele concluded3 that the simplest
explanation of the anomaly was that the single
particle potential felt by a valence neutron is
more attractive than that felt by a valence
proton, by an amount corresponding to a volume
integral difference of 19 Mev-fm3.

Another experimental phenomencen which may
exhibit CSB f{s the difference in optical
potentials for scattering of protons and
neutrons from an N=Z target. The accuracy of
the potentials required (about 5%) is just
feasible with state-of-the-art scattering data.
Such a comparison has been done by DeVito et

y

al.

for the case of a *°Ca target: after

correcting for simple Coulomb effects, they
found that the proton potential was slightly
deeper than the neutron potential. Their result
was almost three standard deviationa removed
from the CSB potential proposed by Negele to
explain the Coulomb energy ancmaly.

We have extended the work of DeVito et al.
to targets of *23, 2°Sf and '2C, A difficulty
with these nuclei is that they have strongly-
excited collective states; therefore it seemed
prudent to analyse the data within the coupled
The inelastic channels
included in the CCBA searches are listed in
Table 1.

were taken from the literature.

channels (CC) formalism.

Initial OM parameters for the searches

The general procedure followed that of Ref.
4 and is only summarised here. The volume

integrals of the real optical potentials for
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proton scattering are plotted against incident
energy and a straight-line fit is made. This
linear function is subtracted away from the real
volume integrals found for the neutron
scattering and the average of these differences,
(Jn-Jp), is found.
this difference for the slowing down of the

It is necessary to correct
protons by Coulomb repulsion: because the
(local) OMP is energy dependent, the protons
thus feel a stronger nuclear attraction than do
To
determine this correction for ®°Si, we have

neutrons of the same incident energy.

carried out a computational experiment similar
to that used by DeVito et al. for *°Ca, whereby
a series of proton scattering calculations with
different energies are compared to a given
The Coulomd shift,
is taken as the difference in energy which

neutron scattering case.
AEc,
makes the diffraction maxima and minima fall at
the same angle. The result for 2°S5i was AEc -
5.7+0.4 MeV. Combining this with the *°Ca
result, AEc(“°Ca) -135010.6. and assuming a
functional form of Z/A " ~, yields estimates of
AE_(*?8) = 6.1:0.6 MeV and ABC(“C) = 3.2:0.4
Mev.
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Fig. 1 Volume integrals per nucleon for proton

and neutron scattering from 2°3i plotted against
ineident energy. Open cireles, Ref. 9; solid
circles, Ref. 10; crosses, Ref. 11. The lines
are least-squares fits, assuming the same slope
for neutrons as for protons.



A simple folding model is used to relate
the difference between real oM potentials to the
CSB potential of Negels (see Ref. 4 for
details). We define

I L2 - I/A
where JB is the volume integral for proton
scattering corrected for the Coulomb shift,
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Fig. 2 vVolume integrals per nucleon for proton
and neutron scattering from !2C plotted against
incident energy. Open cireles, Ref. 6; solid
circles, Ref. 12; crosses, Ref. 13.

The values of J,, and Jp found for 2%8i, 2C
and *23 are displayed in Figs. 1, 2 and 3,
respectively.
Tailor5
supplemented by additional neutron data at 30.3
and 40.3 MeV from HSUG. Since the 2*5i ceC
analysis gave significantly different results

Results from the CC analysis by
of nucleon scattering from ®2S have been

compared to an earlier spherical OM analyais
(see below), it was decided to repeat the work
of DeVito et al, for “°Ca (which was done with
a spherical OM code} with the 3, 3.74 Me¥V
- vibrational state now included explicitly. The
CC analysis in this case did not significantly
css (8110 Hev-rm3. compared to 14110
MeV-fw> found by DeVito et al.).
As mentioned above, proton and neutron
scattering from *°Si showed different changes of
the real potential when coupling was introduced

change J

(Vn increased in magnitude, Vp decreased?).
Although no complete explanation has been found
for this, we have shown that at least part of
The

change is proportional to the square of the

the change is due to Coulomb excitation.
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Fig. 3 Volume integrals per nucleon for proton
and neutron scattering from *2S plotted against
incident energy. Open circles, Ref. 6; solid
circles and crosses taken from Ref. 5.

coupling constant, which agrees with the
findings of Per‘ey7 for the case of proton
scattering from *SFe.

Fig. 4 shows the differences in volume
integrals for proton and neutron scattering for
all four targets analysed here.

SB. as defined above, are given in

The resulting
values of Jc
Table 2.
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Fig. Y. Differences of proton and neutron volume
integrals per nucleon for “*°Ca, *33, ?%Si and
'2C targets. The points are the differences
between the fitted lines for protons (eg. from
Fig. 1} and the data points for neutrons. The
s0lid (dashed) 1lines are the averages before
(after) correcting for Coulomb effects.

There are two corrections made to JCSB
Table 2.

parameter used in the CCBA calculations,

in
The first concerns the Coulomb radius
In

order to avoid redoing all previous analyses,



most of these were done with a value taken from
the OM parameter sets in the literature
(typically Rc = 1.2A1/3). With hindsight, one
can see that values of Rc related to
experimentally measured RMS charge radii of the
target are preferable; these values wWere

cbtained from Ref. 8. Fortunately, the change
in real potential depth for the asaociated
changes in the Coulomb potential appears to be

independent of the incident energy,
CSB

so a
correction to Jp/A (and thus to J ) was
estimated from sample cases rather than
repeating all the original calculations.

The second correction in Table 2 arises

because the proton and neutron distributions in
the target nuclei are slightly different, with
protons pushed to larger radii. Thus a
measureable difference between proton and
neutron scattering may be seen even if no CSB is
present in the nucleon-nucleon force. Our
estimate of this effect is taken from the
difference in volume integrals of Hartree-Fock
potentials for bound protons and neutrons,
¢calculated with a charge-symmmetric Skyrme
Interaction.
It is seen that the final values of JCSB
for the four targets are inconsistent (Table 2).
To check whether the quoted uncertainties were
realistic, some 2°Si calculations were repeated
with alternative OM geometries, There was a
systematic dependence of the individual volume
integrals on geometry, but the difference Jn-Jp
agreed within errors. It should be noted that
the uncertainties in the final JCSB values do
not include contributions from the corrections
regarding the Coulomb radius and core
polarization.

The !'2C result is probably the least
reliable of the four:
potentials were surprisingly less deep than
those at 2% and 26 MeV (see Fig. 2), and in

general the fits to the

the lower energy '2C(n,n)

2 angular
distributions were worse than those for the
other targets. Perhaps the large deformation
(Bz--o.G) has made the calculations inaccurate,

or perhaps there are too few nucleons in '2C for
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such an "average" concept as the optical model
to work at the required level of accuracy.

If the '2C result is omitted, there still
remains a marginal inconsistency between “®Ca
and the sd-shell nuclel.
analyses in terms of standard phenomenological

It appears that

OMP's are subject to systematic uncertainties
too large to permit a reliable determination of
charge symmetry breaking effects in the mean
field.
use of a folding model to determine the gecmetry

Possible improvements might include the

of the real potential (the Woods-Saxon shape i3
not expected to be accurate for these light
nuclei) or the use of model independent analyses
as is done for electron scattering. It is clear
that effects of core polarization must be
included in some fashion, since its effects are
comparable to any CSB effects.

Whether CSB in the nuclear mean field is a
viable explanation of the Coulomb energy ancmaly
remains an open question. Our analysis for
“°Ca, including coupled channels effects, still
yields a CSB potential inconsistent with this
explanation at the two to three standard
deviation level. As “°Ca is the heaviest target
studjed and is subject to the smallest channel
coupling effects, the “°Ca result is perhaps the
On the other hand,

the results for the other targets certainly

most rellable reported here.

reduce one's confidence in the “°Ca value.

Indeed the mean for the three more reliable

2e3i} including the rough

correction for core polarization, -14i5 MeV rm3.

CcsB

cagses (*°Ca, ®23 and
is consistent with the value of J proposed by
Negele {(-19 MeV fm3) to account for the Coulomb
energy anomaly.

Desplte the marginal consistency, it does
seem possible to use the present result to place
limits on the magnitude of any CSB term in the
omitting the '2C result, we set a
"tight" 1limit (exclusive of uncertainties on

mean field.

each point) of
-2 MeV fo 5§ J°B 5 § MeV fm

and a "loose" limit (inclusive of the one

3

standard deviation uncertainties) of

~33 Mev fud s J°® 3

£ 18 MeV fm~.



This‘work i3 now being written up as a paper.

Table 1 : Inelastic channels considered in the
CCBA calculationas.

Target State BL

28gq 2%, 1.78 MeV  ~0.%0
12¢ 2", w4y Mev  -0.60
s1g 2, 2.23 Mev  +0.28
*%Ca 37, 3.74 MeV  +0.24

Table 2. Adjustmenta to JCSB and final values {all in H-'J-tis).

Target Coulomb Core Final
radius® pollrluuonb .lc“"‘B
g -6 +9 289
3¢ -8 +5 39213°
g -1 +8 ~2118
“oCa ~10 +9 8110

a} Correction when Coulowd radius is taken from RMS charge radif

b) Eatimate of change when core polarization is taken Into scoount

o} From the fit to neutron data with !nc;BZ'I MeV. IF the 2(3) .8 Mev
data is included, we obtair & final J of 45513 MeV-fa”,
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MULTIPOLE MOMENTS OF 176

B.G. Lay®, S.M. Banks®, B.M. Spicer®

o aNp 82y FROM (B,p') REACTIONS at 134 Mev.

, 0.G. Shute®, v.C. officer?, B.M. Ronningen, G.M. Crawley,

N. Anantaraman and R.P. DeVito

We have completed the coupled channels
analysis of the cross sections and asymmetries
for the ground state rotational band members up
to J" - 6+ in 176¥b and 182H, excited in (B,p‘)
reactions at 134 MeV. One goal of this and our

similar st.ucly1 of 154 166Er using the same

Sm and
reaction is to deduce the multipole moments of
the matter distributions of these nuclei.

The best fits to these data are shown in

Figs. 1 and 2. Using a theorem due to Satchler'2
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Fig. 1 Data for and coupled channels fits of
differential cross sections and analyzing powers
for excitation og ground state rotational band
states to J" = 6 in '7%¥D.

the normalized multipole moments of the deformed

M3U-84-8 1)
; 1B2w(5.p) ™
0 139.4 MeV :
'k o* o .
0 A 0
|0'2;, N
KTS[
20
[+ I 100 keV
¥
— lo-l i
g ]
EQT
a
4 4*
| 329 keV
o'}
1072}
IO-S
E 64-
o'k 680 keV
-04

20 40 & 80
80."\. ec.m.

Fig. 2 Same as Fig. 1 but for '°?%W,

optical model potential used to fit the data
should be equal to the multipole moments of the
matter distribution. This assumes that the
potential is derivable from folding a central,
ascalar, energy and density independent
interaction with the matter density. The
multipole moments of the real part of the
deformed optical model potential were calculated
using the parameters from the best fits, These
moments are given in Table 1.

The hexacontatetrapole deformation
parameters from the present study, our previous
study, and those from (a,a') and (p,p')

3.“.5

reactions at other energies are shown in



Table 1. Multipole moments for 1TGIb and ‘BZH.

Nucleus 939 A0 %0
(ed) (eb?) (eb3)
ey 2.31(6) -0.052(34) —0.054(24)
18 TN 6
W 2036 -0.2501)  -0.068(,)

Fig. 3.
by Nilsson et 81.6

Also shown are theoretical calculations
151ISm is
correct the theoretically expected trend is
verified for the first time.

If our result for

MSU-84-610
) T T L]
= Theory
0.02} a (B,p') 65 MV o {p,¢’) 8OO Mev
om0 e (B ') 134 Mev x {r,0') 50 MeV
0.0
B
0.0

-0.00

Fig. 3 Hexacontatetrapole deformation
parameters in the rare earth region. The data
from (a,a') and (p,p') reaction studies are from
Ref. 3,4,1, and 5, respectively. The
theoretical calculations are by Nilsson et al.®
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SPIN-FLIP TRANSITIONS WITH 201 MeV PROTONS.

G.M. Crawley, A, Galonsky, N. Anantaraman, G. Caskey, S.M. Austina. C. Djalalib, N. Martyb, M. Morlet’,

b

*
A. Hillisb and J-C. Jourdain .

High energy inelastic proton scattering is
an excellent tool for studying £=0 spin-flip
transitions. The collabaration between MSU and
Orsay used the facilities at the IPN, Orsay to
study these transitions in a wide range of
nuclei from '¢0 to 2°°Pb., In some cases in
light nuclel, these transitions are to
individual narrow levels but in most of the
cases studied the level density is sufficienly
high that the state appears as a broad bump.
Much of this work has been presented in previous
Annual Reports and has already been published.
For example, the measurements on 2°°Pb described
briefly in last year's Annual Report will bve
published in the Physical Review in March 1985,
In this report, we will discuss four current
projects which are still either in the data
taking or analysis stages and which have not yet
been published or at least only preliminary or
partial reports have been published.

1. The Nickel Isotopes studied by (p,p') and
(p,n) Reactions.

Results of {p,p') measurements on the Ni
isotopes S°Ni, *°Ni and ®2Ni were published in
19821) as part of a general survey covering a
wide range of nuclei. Since then further data
have been taken on these isotopes and on the
isotope *“"Ni. Preliminary results have been
publishedz)

work and making more complete comparisons with

and a complete paper covering this

recent electron scattering measurements 1s
presently in preparation., One very interesting
feature of these data was the observation of the
higher iscspin component of the M1 transition.
Related measurements have also been carried
out at the Indiana University Cyclotron
laboratory of the (p,n) reaction on the same Ni
isotopes. A paper on this work is about to be
submitted, The various isospin components of

the analogous Gamow-Teller transitions were
observed,

2. Ca Isotopes.

The results on *®Ca have already been
publishedB) and those for the remaining Ca
isotopes were summarised in the previous Annual
Report (1982-83). A paper on all the Ca
isotopes is almost completes.

There is quite good agreement between the
(p,p') and (e,e') measurements on “*Ca. However
for *°Ca, “2Ca and ““Ca, 1° states are observed
in the (p,p') reaction where none are seen in
(e,e'} and vice-versa, Nor do the summed
strengths agree. At least some of these
differences are probably due to core
excitations, including proton excitations in the
lighter Ca isotopes.

3. s-d shell nuclei: 2°Si, 2“Mg, 2tMg, 'O, t*0.,
A paper describing the results on 2%*Si has
already been publiahedq) and a spectrum showing

the T=0 and T=1 states is shown in Fig.1.

Ep= 201 Mev
A
LT=1
reoul- 1.4% -
=3
e | |
8

8

‘IH o

3

Hr
EXCITATION EMNERGY {Mev)

FIG. 1. Inelastic proton spectrum for Si at 3.2°. The
arrows indicate the one T =0 and nine T=1, 1* states
observed.

Both T=0 and T=t, 1+ excitations showed
comparable quenching, the ratio of observed to



predicted strengths being about 30% for both
isospins. 1In *“Mg, it is again possible to
separate transitions into primarily T=0 and T=1
on the basis of their angular distributions.
The T«0 excitations have substantially flatter
angular distributions. In contrast to the 2°Si
case however, there appears to be little or no
quenching in 2*Mg and in fact the experimental
eross sections exceed the predicted values by
about 20%. The data on **Mg is still being
analysed.

Measurements have also been made on %0 and
While the quality of
the data is not as good as from a solid target,

'%0 using a gas target,

1’ states were observed in both of these nuclei
and angular distributions have been extracted
between 2° and 7°. Fig.2 shows inelastic
scattering cross sections plotted against
center-of -mass angle for the known 16,22 MeV 1°
state in '°0.

beyond 5°.

The cross section falls sharply
This strong forward peaking is
Further work
iIs underway to obtain the absolute cross

characteristic of t=0 transitions.

sections and to compare the data with shell
model predictions using the DWBA formalism.
4. ™Orbital® M1 Transitions.

5)

The recent prediction
6)

and subsequent
observation in {e,e') of low lying M1
transitions which are predominantly orbital in
character, led us to search for similar states
in (p,p'). Of course, if the character of the
states is as predicted then we should not expect
them to be strongly excited in (p.p')7). In
fact the lack of observation of these
tranaitions in {(p,p') helps to confirm the
orbital character of the transition.. We have
therefore carried out searches for these states
in the heavy deformed nuclei !%%Gd, '*“Sm and
17%py but so far the low-lying 1" states seen in

(e,e') have not been observed in the (p,p')
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react ion.

zamicka)

has pointed out, as has Browng),
that similar states exist in lighter nuclei like
“*Ti and “°"Ti and we have also carried out a
Here the orbital
character of the states is less pure.

search in this mass region.
Our
preliminary indications are that low lying 1-+
states are indeed observed in both “*Ti and *°T{
and comparisons will be made with electron
scattering results to try to sort out the
detailed structure of the states.

The (p,p') reaction has continued to prove
a useful probe of 1=0 spin-flip transitions and
we have extended the range of our earlier
measurementas from light s-d shell nuclei to
*°*Pb. Comparisons between (p,p') and (e,e')
results for low lying transitions promises to
give further insights into the structure of 1+
states.

a Collaborated only on the Ni(p,n) reactions.

b Institut de Physique Nucleaire, Orsay;
collabeorated on all {p,p'} work but not on the
Ni(p,n).
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GIANT RESONANCES EXCITED WITH HIGH ENERGY Li SCATTERING

J. van der Plicht, W. Benenson, (. Crawley, E Kashy, B. Sherrill, J.S. Winfield, H. Utsunomiya

An appreciable fraction of the information
on nuclear giant resconances {(GR) has been
obtained with inelastic hadron scattering during
the last decade - for the most recent review see
ref. 1.

Mosat GR experiments were done with light
ions, in particular alpha particles. In recent
years, the field has been extended by using
heavy lons as tools to investigate GR's — so far
mainly results fr om inelastic scattering of
6L1, 120, 1"N and 160 at energies up to 20-2%
MeV/nuclecn have been reported.

In general, heavy lon inelastic scattering
favors large L-transfers, and the background
underneath the rescnances may be smaller as
compared to light ion scattering due to the
absence of processes like knock-out and
preequilibrium decay. On the other hand, heavy
ion scattering is hampered by possible
projectile excitations; also, the angular
distributions are less sensitive to
multipolarity as compared to light ions (see
Ref. 2).

At our laboratoery, we performed giant
resonance experiments by Inelastic scattering of
6Li and 1u“ at uniquely high beam energies of 35
MeV/nucleon. The 1”N data will be presented
elsewhere in this annual report . We present
here initial studies performed with 6L1 beams,
For 6L1, experiments performed at 26 MeV/nucleon
promised a very favourable rescnance to
Also, 6L1 inelastic

projectile excitations are not

background ratio. for
acattering,
serious at high energles because processes such
as (6Li. 7L1 -> 6Li + n) appear at very high
excitation energy (E >40 MeV). We studied
inelastic scattering of 6Li at 35 MeV/nucleon on
58"1. 90 2°8Pb targets. The experiment was
performed using the S320 spectrograph. The
angular range was 3~-10 degrees ( in the
laboratory). Examples of 6L1.

1.

Zr and

6Li') spectra are

shown in Fig. The Low Energy Octupocle

100

PZe (*L,6LY)
{ 1i0 MeV
3
o
i o o of
- X
| w 4 ]
¥
e[|+ ¥
i 83"
L toe .
r
b l‘" .
oat"
L 200
j tontaminank
o M 0 " Eue. (Mev)
fig. 19 Spectrum of inelastic scattering of 6L1
from Zr measured at a beam energy of 35
MeV/nucleon.

Resonance (LEOR), Giant Monopole Resonance (GMR)
and Giant Quadrupole Resonance (CQR) are clearly
excited. The elastic peak was mostly blocked
from the focal plane detector by a metal post;
the sharp peak at the left of the spectrum is
the tail.

The resonances observed are in agreement
with other data (e.g. Ref. 5). However, the
High Energy Ocupole Resonance (HEOR), expected
at around 25 MeV, 1is not observed. It appears
that the resonance to background ratio is not
much more favourable than found in light ion

scattering.



Analysis of angular distributions is in
progress. We plan to complete the data with
inelastic acattering to low lying excited states
(58Ni), and elastic scattering in order to
determine the optical potential (QOZr).

R ———

t. J. Speth and A. van der Woude, Rep. Prog.
Phys. 21.719(1981). 2. C.K. Gelbke, Giant
Multipole Resonance Topical Conference, Oak
Ridge 1979, proc. page 333. 3. U. Garg et al.,
this Annual Report. 4. H.J. Gils et al.,
Karlsruhe Annual Report, 1977, page 50. 5. T.P.
Sjoreen et al., Phys. Rev, C 29,1370(1984),
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EXPLORATORY STUDY OF GAMOW-TELLER TRANSITIONS WITH (6Li,6He) AT 210 MeV

N. Anantaraman, J.S. Winfield, S.M. Austin, Z.P. Chen, A. Galonsky, J. van der Plicht, H.L. Wu,
C.C. Chang®, S.Gales” and G.C. Ciangaru®

We have studied the (6L1,6He) reaction on

c, 'c,

bombarding energy of 35 MeV/nucleon.

7 12

targets of 'Li, 26N

g and 90

Zr at a
The main
objective was to investigate whether the
reaction mechanism consists predominantiy of the
so that cross sections at

AT=1 {(Gamow-

one-step proceas,
forward angles for AL=0, AS=1,
Teller) transitions are a measure of Gamow-
Teller (GT) strength. The targets used provided
several well-resolved transitions for this
purpose, with GT strengths known either from B-
decay or from (p,n) studies. 4 similar
¢alibration of (p,n) cross sections in terms of

f~decay matrix elements pr‘oved” t

¢ be very
useful in extending the range of measured B(GT)
values. Charge-exchange studies have previously
been performed on all the targets used with
intermediate-energy (p,n) reactions and in some
cases with (3He,t) or lower energy (6L1,6He)
reactions,

Measurements were carried out with the 35-
320 spectrograph.

data,

The most complete set of
o
including a measurement at O , was taken
1]
uC. Spectra measured at 3.5
1.

for the case of1
are shown in Fig. The resolution was about
450 keV, which was adequate to resolve most of
the low-lying 1+ levels of interest: the ground
states of 12N and 1llN, the strongly excited
3.95-MeV level of 1"N and the 1.06~MeV level of
26A1. The ground state (3/2—) and the 0.43-MeV
(1/27) state of 'Be, both of which are populated
purely by GT transitions in our reaction, were
not resolved, but a peak-fitting program enabled
In 26
levels at 1.85 and 2.07 MeV were unresolved, and
were treated as a doublet in the analysis. The
peak at 2.3 MeV in 9ONb was taken to correspond
to the peak at the same excitation energy seen
in the {p,n) reaction at 120 Hevz)
been identified as a cluster of 1+ levels.

.
us to decompose the doublet. Al, two 1

, wWhere It has
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Fig. ¥ Spectra measured at 61 b-3.5 for the
(Li,®He) reaction at 210 MeV on targets of Li,
12¢, ¥%C, 2%Mg and *°Ir.

The investigation of the one-step nature of
the reaction mechanism can be done at several
levels. The simplest one is to compare the
ratio of cross sections for the 0.0~ and 0.43-
MeV levels of 7Be with the ratic of B{GT) values
known from g-decay. Such a comparison avolds
both the uncertainty of absolute cross section

determinations and the need to correct for



distortion effects. We measured 7Ll-)TBe cross

sections at five angles from 2.5° to 6.50. The
ratio of cross sections, ¢(0.0)/0(0,.%43), is
1.5540.16 at all angles except 2.50, where it is
1.0740.11.,
1.18. The effect of tensor and exchange terms,
present in the reaction but absent in the g-

The corresponding B(GT) ratio is

decay, may be responsible for the differences;
this remains to be studied.

A second check on the cne-step mechanism is
the extent to which the angular distributions
for the various GT transitions, when converted
to plots of cross sections vs. momentunm
transfer, have the same shape and magnitudes
proportional to B(GT) values., The shape
comparison is made in Fig. 2, where all the
cross sections are normalized to that for the
"¥(3.95 MeV) level at =100 Mev/c. With the

exception of the two 7

Be curves, the shapes are
Fig. 3 shows that the

magnitudes of the c¢ross sections at a fixed

all roughly the same.

momentum transfer (100 MeV/¢) are roughly
proportional to the known B(GT) values for the
four light targets.

of 902r may be partly due to the mass dependence

The discrepancy in the case

of distortion effects; this is also the only
case where the value of B{(GT) is taken from
(p,n) rather than g-decay studies.

A third check is to consider the relative
pOpﬁﬁrtlons of the 0.0, 2.31 and 3.95 MeV levels
of N.

all, or seen only weakly, in the one-atep

The first two should not be seen at

process.
is known to have a B(GT) only about 10 ~ of that
for the 3.95~MeV level, but in the (p,n)
reaction the ratio of cross sections is found to
be 1072,

The differences are presumably due to the

From p-decay studies the ground state
5

In our measurement, the ratio is 0.1.

effects of the tensor and exchange terms in the
interaction or to L=2 amplitudes. Similarly,
the 0" isobaric analogue state (IAS) at 2.31 MeV
cannot be populated in our reaction except by
the exchange term (in addition to possible two-
The data show that the IAS has
a cross section less than 0.1 of that of the

step processes).
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Fig. 2. Momentum transfer distributions for

transitions to the levels indicated in the plot.
All cross sections have been normalized to those
for the '“N(3.95 MeV) level. The lines are
drawn to connect the data points.
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Fig. 3 Plot of (*L1,*He) cross sections at 210
MeV for a momentum transfer of 100 MeV/c vs.
B{GT) values.

3.95~MeV level and has a distinctive minimum
(Fig. 14).
and the IAS are suppressed by a factor of 2
3 at 10 MeV/nucleon.

At 35 MeV/nucleon, the ground state

compared with the results
As a final check, we have begun to compare

1"N levels with

microscopic distorted~wave Born approximation

the cross sections for the

calculations. Figure 4§ shows the preliminary

results of several one-step calculations, each
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Fig. 4 Angular distributions for the

1*¢(%Li,®He)'*N reaction at 210 MeV to the 3.95,
2.31 and 0.0 MeV levels of '“N. The curves are
calculations described in the text.

separately normalized to the data. Since

optical-model potentials for 6L1 at 210 MeV are

)

not yet available, potentials obtained ’ from

150-MeV data were used. Shell-model wave
functions obtained with an interaction due to
MillenerS) were used for the target and final
nuclear states. Curves labelled D, D+E and
D+E+T are respectively the results of including
the direct, direct + exchange and direct +
exchange + tensor terms, where the direct part
corresponds to the VUI part of the nucleon-
The D calculations were
done with the code SESIMEG) and the others with
a modified form of DHUCKT).

needed to bring the calculation into phase with

nucleon interaction.

The tensor term is
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the data at angles larger than 2.50, but there
is s8till room for improvement at smaller angles.
{The exchange part of the tensor amplitude was
not included in the calculation.} The
normalizations obtained for the three
calculations for the 3.95-MeV level, with a
Yukawa interaction of t-fm range and with the
Millener wave functions renormalized to give the
experimental B(GT) value, correspond to VGT
values comparable to the value of 11,7+1.7 MeV
obtained from (p,n) studies in this
energy/nucleon range.

In summary, we have studied several GT
transitions and find a correspondence between
(6L1.6He) cross sections at 210 MeV at forward

angles and the known GT strengths. From this we

conclude that the one-step process dominates the

reaction mechanism. However, the energy

resolution so far obtained at 210 MeV preciludes
the study of several interesting problems in

spin-transfer physics. In a more recent study,

we have obtained better resolution at 150 MeV;
these data are presently being analyzed.
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REACTION MECHANISM OF 2C('2C,'2N)'2B AT 35 MEV/NUCLEON.

J.8. Winfield, N. Anantaraman, Sam M. Austin, L.H. Harwood, J, van der Plicht, H.-L. Wu
and A.F. Zeller

There have been only a few studies of
charge-exchange reactions with projectiles
heavier than lithium and most of these have been
at energlies less than 10 HeV/nucleon"z. At
these energles, sequential transfer of nucleons
dominates the simpler one-step mechanism
associated with pion exchange. One expects the
situation to reverse at higher energies since
the sequential transfer cross section is
predicted to fall off rapidly with increasing
energy3; also, the (p,n) reaction at E > 25 MeV

if
this expectation is fulfilled, reactions such as
{'*C,'?B) and particularly (}2C,?2N) will be
very useful spectroscopic tools for the study of

is well-described by a one-step mechanism.

Gamow-Teller and other spin-dependent
tranaitions in nuclei.

With the advent of medium-energy heavy-ion
(HI) beams, some preliminary work has been
with ('%C,'N)
and (!°C,'?B) on *2C at 30 MeV/nucleon. Our
atudy of (2C,'2N) on the same target nucleus at
35 MeV/nucleon directly addresses the important

started by von Qertzen et al.

question of the reaction mechanism.

The experiment was carried out on the $320
spectrograph at NSCL. The angular acceptance of
the spectrograph was set at 10.3° which gave a
solid angle of 0.25 msr. Particle
1dentification was achieved with a combination
of energy-loss, scintillator light output and
time of flight aignals from the focal plane
deteotor,

Spectra for '2C(?C,22N)'2B are shown in
Fig. 1. The very broad feature in the 3°
spectrum arises from the reaction on the
hydrogen contaminant in the target; for angles
greater than 3° the p('2C,'2N)n reaction is not
kinematically allowed. The resolution for the
2B states is about 700 keV.

The most prominent feature in the speatra
is the peak at 4.5 MeV which corresponds to the
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Fig. 1 8Spectra for '2C¢('%C,l2N)'2B at
35 MeV/nucleon. The spectrograph angle (lab.)
is indicated for each case.

unresolved 4 (4.521 MeV) and 2° (4.37 MeV)
states in '?B. The strength of the peak compared
to the low-lying levels and the angular momentum
mismatch of the reaction (-~4.5M) suggests that
it is mainly the higher spin state that is
contributing; this agrees with our determination
of the peak energy. Strong population at this
excitation has alao been observed in
12C(d,%He)??B by Stahel et al.’ and in the
mirror nucleus '*N by von Oertzen et al.ll

Figure 2 1s a compressed view of the 4°¢
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Fig. 2 A compressed view of the 4° spectrum
shown in Fig. t. i

spectrum, with neighboring channels added; this
shows two broader peaks, one centered at 7.8 MeV
and the other at 0.8 Mev.
probably the same as observed by von Oertzen et

The former is
al.“ in both '2N and !'®B (but seen much more
strongly in thelr case) and 1ies in the region
of the giant dipole reaonance.

Microscopic one-step DWBA calculations have
been compared with the experimental angular
distributions extracted (Fig. 3). The optical
potentials for the distorted waves were taken
from results of 360 MeV '2C + '2C elastic
Since the ('2C,'2N) reaction
imposes AS=1, AT=1, only the VUT part of the
central nucleon—nucleon interaction enters the
form-factor (the tensor and exchange terms were

80&!‘.';9!‘1]186 .

not considered here). In the case of the peak
at 4.5 Mev, the DWBA predicts a 4 (4,521 MeV)
eross section more than twice that for the 2"
{(4.37 MeV) state, in agreement with the
kinematic matching argument above.

to fit the
data are given in Table 1 together with results
from other charge—exchange reactions.
accurate determination of VUT

The required strengths of Vut

The most
in this energy
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Table t. v“ strengtha (for a Yukawa interaction with range 1.0 fa)

Reaction B/ (MeV) 3, Vg (MeV) Rer.
120,12, 12,12, 5 . » .
35 2 330 .
35 & a5 =
35 @ o "
{p,n); A = 6-26 30-50 varfous 11.T#1.7 7
25'26!13(61.1.6}(:) 6 various 22-33" 8
Ous, %0 A - 18- 5 t* 22-28 9
6 3°.55, 7" 20-280 9
285118,y 3 "2 T 2
(12, 125)26), 3 s*, 3*  iz0,170 4

#) present work

) \'“ = 17 {16) Me¥V when axchange (+ tensor} forces included.



range ls probably the average value of
11.7+1.7 MeV obtained from (p,n) studiesT.
While it is true that the present values of vur
(with the notable exception of the transition to
the 2+'state) are not as high as other values
obtained for A > 6 projectiles, there is still a
large discrepancy with the accepted VUT
strength. In terms of cross section, the one-
step prediction is almost an order of magnitude
smaller than the data (in the case of the 2"
state it 1s nearly 3 orders of magnitude
smaller). The conclusion is that sequential
transfer of nucleons continues to dominate the
one-step mechanism at 35 MeV/nucleon. Indeed,
if one assumes that the one-step charge exchange
cross section is maintained at higher energies
but the sequential transfer c¢ross section

decreases in the manner suggested by von
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0ertzen3

» the present results indicate that one
would need to go as high as 60 MeV/nucleon

before the one-step mechanism predominates.
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PARTICLE RESPONSE FUNCTICON IN Sm ISOTOPES.

J.E. Duffy, G.M. Crawley, H. van der Plicht, R. Tioklea, S. Galesb. E. Gerlicb. C.P. Massoloc,

d

J.E. Finck .

Most of the work on hole—st,at.es1 has been
for both low and
Little information is
avaliable on the high-lying particle states in
2'3. It would be of
interest to see what happens to the single
particle stength in this case and compare it to
the hole-state1

on medium and heavy nuclei,

high-lying states.

medium and heavy nuclel

case. Theoretical models have
been developed to explain the spreading of the
single-particle strength by the mixing with both
low and high-lying phonon statesu'B.

Earlier measurements of particle-states
We decided

to extend the particle-state work to deformed

were performed at the IPN, Oraayz.

nuclei and use about the same g bombarding
energy to study both proton and neutron states.
To do this we elected to use the Samarium
Isotopes as targets because as the mass
increases one goes from a spherical nucleus to a
permanently deformed one. The experiment on
particle-states in the Samarium Isotopes was
performed at the National Superconducting
Cyclotron Laboratory {NSCL) using a 100 MeV «
beam (charged state 1+)}.

1HHSm and 148,152,154

The targets used were
Sm with thicknesses of 1
The
measurement was carried out using the S$320

mg/cm2 and 4 mg/cm2 respectively.
spectrograph and examined both (a,t} and (a.3He)
reactions as a means of populating both proton
and neutron states in Samarium. It turns out
that in the Samarium Isotopes, we will be
accessing high spin satates like 2f
and 1113,2.

20 MeV excitation energy bite across the focal

572 * 'Pos2
The $320 detection system allows a
plane. We need even higher excitation energy
for background determination. Two runs of
different energy bites are necessary at one
angle. This was done for all targets and both
reactions at the one angle of 7 degrees (see fig

1).
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Distinct differences are observed in the
{(a,t) spectra as the targets increase In mass
and hence deformation (see fig 1). There are
also differences in the (a.3He) spectra as the
targets increase in deformation. In these
spectra we see the usual lew-lying states and,
at higher excitation, above the 3 MeV range one
observes additional bound state peaks both in

the (a,t) and (u,3He) spectra. In the 8-16 MeV
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reglon of excitation energy, in the (a,t)
8pectra, we observe the developement of a broad
bump with increasing deformation. We do not
observe this phenomenon in the (a,3He) spectra.

Not all of the cross section at high
excitation energy comes from single nucleon
transfer. Some of the cross section comes from

elastic break-up. An elastic « break-up

11’asnl(m.t.) case in

calculation6 is shown for the
Fig. 2.
data at the excitation energy of 30 MeV. This
eross section i3 subtracted from the spectra
A similar

proceedure will be carried out for the other

The calculation 1s normalized to the

before further analysis of the data.

targets and reactions.

The way one analyzed these apectra in the
past was to make gaussian fits to different
"peaks"™ in the spectra, 'This was done for all
angles and then one obtained an angular
distribution for each of the extracted "peaks®,
These different "peaks" were compared to DWBA
calculations and the single particle strengths
were thus obtained. This process of using
gaussians is of course somewhat arbitrary. In
the present analysis, we plan to take a more
We take 2B0 keV slices
throughout the whole spectra (instead of making

objective approach.

gaussians) and extract an angular distribution
for each 280 keV region. By comparing these
angular distributions (sliced regions) to DWBA
calculatfons, and the single particle strength
as a function of excitation energy can be
obtained. The validity of the theoretical
models will be shoun-through the comparison of
both the particle strength and the hole strength
to those predlcfad.
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THE TWO-PROTON PICKUP REACTION, (6Li,88).

A. Sahaa, J.S. Winfield , N. Anantaraman, Z. Chen, R.S. Tickleb, J. van der Plicht, and H.-L. Wu

Although deeply bound one— and two-neutron
hole states have been widely studied1 and
several investigations of deep lying one-proton
hole states have been performedz. there is
almost no information regarding two-proton heole
The

basic reason for this is that a two-proton

states -- whether deeply bound or not.
plickup reaction is not possible with light-ions;
the lightest case being (GLL,BB). This reaction
on the
in the
Tickle
The aim

Mo isotopes leading to low-lying levels
residual nuclei has been studied by
et al.3
of the present, exploratory experiment

at an energy of 15 MeV/nucleon,

was to determine whether the (6L1,8B) reaction
is a useful spectroscopic tool for the study of
two-proton hole states, in particular those that

Discriminator

Cut-off MSU-85-134

Energy Loss in Ion Chamber

Scintillator Light Qutput

Fig. 1 Plot of energy-loss against
scintillator light output for 35 MeV/nucleon SLi
on a '2C target. A lower level discriminator on
the light output haz produced the cut on the
left side. The gate is drawn around the
particle group which contains °®B.
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are deeply bound. Some immediate concerns are
the widths of the states and the strength with
which they are excited relative to the

background of continuum states.

A 6Li beam of 35 MeV/nucleon was used to

bombard targets of 120 and 1u88m; the main
148 6 8§..146

interest being Sm{ Li, B) Nd. The $320

spectrograph, set at 5° {lab.), was used to
detect the particles of interest. For both

targets a group was seen at the expected region

8

for "B in a plot of energy-loss in the ion

chamber (AE)} against light output from the
acintillator (Fig. 1). A gate on this group was
used to generate a plot of time-of-flight (TOF).
against focal plane position (Figs. 2 and 3).

12

For the case of the C target,

the group
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Fig. 2 The upper portion shows a plot of

TOF against focal plane position for particles
satisfying the gate shown on Fig. 1. The lower
portion is a spectrum produced by projecting
down the counts inside the box drawn around the
®B group in the 2-d plot. States and
excitations in !'°Be are indicated on this
apectrum.
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Fig. 3 Similar to Fig. 2 except that the
target was '**Sm. The spectrum in the lower
portion of the figure was obtained by projecting
down the counts within the box., The predicted
channel for '“®*sSm{®Li,®B)!“®Nd is indicated.
The peaks labelled (a) a%¥ (b) are at
approximately 2.5 and 6.8 MeV excitation in
1 "'Nd.

8

corresponding to “B particles could readily be

observed. The identity of the other groups,

8

which outnumber the "B's by two orders of

magnitude, is uncertain. Both 7B and 9B are

1OB

may account for one of the weaker groups. One

particle unbound and will not be observed;

possible explanation of the more intense group
is that pile-up events caused by the large rate

of breakup of 6L1, fall in the same region of
the AE-light plot as the borons,

Three strong peaks appear in the

12,,6

c( L1,83)1°Be spectrum; these correspond to
the 0" ground state, the 2" (3.368 MeV¥) second
excited state and a group of levels at 6.0 MeV
excitation in 1OBe. The oross section for the
ground state is 13 ub/ar.

¥While the ‘ZC(GLi,BB)1oBe spectrum 1s not
particularly clean, the particle identification
becomes even less satisfactory with the Sm
target (Fig. 3).
breakup cross section for 6Li in the Coulomb
field of the target is much greater with the

This may be because the

higher atomic number. The high background level
combined with the low cross section for
P850 (615,%8) 04a - estimated to be -0.5
ub/sr for the ground state -- preclude any
definite observations. There appears to be some
strength excited above background at E =~ 2.5
and 6.8 MeV, but the main conclusion is that
better particle identification and more 8B

counts are required.

a Univ. of Virginia, Charlottesville
b Univ. of Michigan, Ann Arbor

1. For reviews, see G.M. Crawley, Proc. of

RCNS Int. Symp., Osaka, Japan, p.590 (1980); S.
Cales, Proe. Int, Symp. "HESANS 83", Orasay,
France (1983).

2. A. Saha et al., 1977 KVI annual report,
p.14; P. Doll et al., Phys. Lett. 82B 357
(1979).

3. R.S. Tickle et al., Nucl. Phys. A3T76 309
(1982}.



THE MASS OF *’Cu

B. Sherrill, K. Beard, W. Benenson, C. Bloch, B.A. Brown, E. Kashy, J.A. Nolen Jr.,
A.D. Panagiotou®, J. van der Plicht, and J.S. Winfield

In a simple shell medel the nucleus *7Cu
has one proton outside the '*Ni N=Z=28 closed
core. Due to the role closed shell nuclei play
in nature and hence in nuclear theory, knowledge
of the binding energy and structure of ®*7Cu is
important. The mass excess of *’Cu is a direct
input into the Garvey-Kelson charge symmetric
mass relation !, In conjunction with its mirror
nucleus *’Ni, *7Cu provides data on the Nolen-
Schiffer anomaly * and hence possible evidence
for charge symmetry breaking of the nuclear
force. Finally, models of the rp-process, which
is hydrogen burning at temperatures near 10? K,
need the atomic mass excess and level structure
of *’Cu to be able to predict the rate of
nucleosynthesis of elements with A>56 *. The
rp-process also provides a model for X-ray
bursts which depends on the details of ®7Cu as
well “. Despite the interest in this nucleus,
only highly excited states of 57Cu have been
observed previously * in a study of g-delayed
57Zn and recently,

58Ni(p.?n)w. In
this report we describe the first Q value mass

proton emission starting from

570u g-decay by the reaction

measurement of *’Cu and the first use of the
(’Li,%He) exotic transfer reaction.

The measurements were performed at the
National Superconducting Cyclotron Laboratory
{NSCL) with the S320 spectrograph, which has a
quadrupole-quadrupole-dipole-sextupole
configuration and a solid angle of 0.5 msr. The
mass of ®*’Cu was measured by determining the Q
value of the reaction *°*Ni(’Li,®He)®’Cu relative
to known Q values. The 173.6 MeV ’Li beam was
provided by the K500 cyclotron. The target was
a 3.77 mg/cm* foil of 99.93% enriched 3°Ni. The
standard S320 focal plane detector was used.
The event trigger was an anode signal from the
plastic scintillator above a discriminator
level. The 5320 focal plane was calibrated with
"Ni(’L13+,’L12+) elastic scattering. The ratio

of ’l..13+ to "L12+ was found to be approximately
9:10—5 + The calibration was checked by
comparing the kno-.m6 excited states in *°Cu with
Ones measured via the ®**Ni{°Li,*He)*’Cu
reaction. The rms deviation of this comparison
was 20 keV, mostly due to uncertainties in
resolving states in **Cu and magnet scaling.
The ’Li beam energy was measured by the
difference in focal plane position between the
’L12+ elastie peak'and the °®He peak from the
reaction *7A1(7Li,*He)?%8i(g.s.), and was
accurate to 200 keV. Further, since the
2721(°Li,%He)?*S1 Q value is well known 7, and
the magnetic fields were the same as used for
the *°Ni{("Li,®He)5’Cu reaction, this also
provided a Q value calibration for the %7Cu mass
measurement .

The spectra obtained from the
**Hi(’Li,*He)}*®’Cu and 27A1(7Li,®He)2%S1
reactions are shown in fig, 1. The absence of
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Fig. 1: Position spectra for the measured "He
nuclei,
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Fig. 2: Particle identification for the ®He
reaction products. The units are arbitrary with
the time axis corresponding to 1 nsec/channel.

counts below the lowest observed state in *7Cu
indicates good *He particle identifiecation,
which is shown in fig. 2. Assuming the state at
lowest excitation energy is the *7’Cu ground
state, we measured a Q value of -29.564(50) MeV,
which leads to a mass excess for *’Cu of -
47.35(5) MeV.
Janecke-Garvey-Kelson * mass excess prediction
of ~47.43 MeY¥. This value also agrees with a
g-endpoint measurement by Shinozuka et al.w of
ME{*7Cu)= -47.34(13) MeV. The error in the
measurement comes primarily from the statistical
uncertainties in the centroid of the 2%Si g.s.

This value agrees with the

and 37Cu g.s. peaks. These uncertainties added
in quadrature give 36 keV. The other two major
sources of error are: 2% keV from uncertainty in
the beam energy, and 20 keV from the uncertainty
in the focal plane calibration,

Fig. 3 shows the measured levels of *7Cu
relative to its mirror nucleus, ®’Ni. The 1/2
and the 5/2 states are expected to lie within
50 keV of each other according to calculations
of the displacement energies of these states and
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Fig. 3: Level diagrams for ®*’Ni and *’Cu. The
theory used to predict the structure of *7Cu is
described in the text. The measured state in
$7Cu at 1.04(4) MeV is probably the 5/2 and
1/2 states unresolved.

the structure of the mirror nucleus. The
calculations of the displacement energles
reproduce quite well the trends in nearby nuclel
and will be discussed below in connection with
the Nolen-Schiffer anomaly. A statistical
analysis of the peak at 1.04 MeV shows that its
width is identical to that expected from the
spectrograph resolution and the finite target
thickness. However, a atrong selectivity of the
{7Li,*He) reaction for one of these states and
not the other is not expected because the states
are both saingle particle in compoaition. Also,
since the angular momentum mismatch between the
incoming and outgoing particles is only 1.4 h
there should not be the preference for high spin
states which 13 usually the case for heavy-lon
induced reactions *. Therefore for the purposes
of this analysis, we will assume the 1/2 and
the 5/2 states both lie at 1.04(h4) MeV
excitation. The quoted uncertalinty in the
excitation energy of these states is larger than
the statistical error because of uncertainty in
separating the states, It is possible that only
one of the states is populat.ed,' in which case
the excitation of the other would be unknown.
The mirror pair 5781-*7Cu permit a test for
the Nolen-Schiffer anomaly. The Nolen-Schiffer
anomaly is the systematic discrepancy between
the Coulomb displacement energy calculated from



theory, assuming charge symmetry of the nuclear
force, and the displacement energy measured
experimentally. For mirror systems the Coulomb
displacement energy is defined as:
E, = z> -z, n

where Z> and z< are the atomic mass excesses of
the proton rich and the neutron rich members of
the pair, respectively; and Anh is the
neutron-hydrogen mass difference. The anomaly
1s particularly surprising because the Coulomb
force is well known, and its effect on nuclear
binding energies should be calculable. Two
possible explanations for this anomaly are
nuclear structure effects not included in the
calculations and charge symmetry breaking in the
nucleon-nucleon force. A case such as the A=57
pair provides valuable data because the closed
**Ni core allows detailed nuclear structure
calceylations to be made, as has been done for
other single particle or single hole nuclei.

1t is interesting to compare the present
displacement energy and those of other mirror
states from A=U1 to 59 to a standard theoretical
model which takes into account the Coulomb
interaction between the valence and core
nucleons along with some well understood
corrections1o’11. The ratios of the
experimental diaplacement energies over those
calculated with this model are shown in Fig. 4.
We include in this comparison the diaplacement
energies of other states in the A>39 mass region
which can be conalidered as single-particle or
single-hole states. The persistance of the
anomaly over this range of A and orbit can be
taken as evidence for charge symmetry breaking
in the nuclear forcge.

Finally, 57Cu 1ias
interesting because of its importance in the rp-—
The

rp-process is proton burning via the (p,Y)

the structure of

process in element production with 4 > S6.

reaction at temperatures between T,= 0.10 and
2.0 , where T, ls the temperature in units of
10* K.
Wallace and Woosley ® found that the nuecleus

A detailed study of the rp-process by

'7Cu is an important branch point from lower- to
higher-A nuclei{ because of the stability and
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Fig. 4: The ratio of experimental displacement

energies to those calculated with the modei
described in the text plotted vs. A.

long stellar half life of *°Ni. The rate of
higher-A production may also be a critical
factor in energy production from X-ray burats
which result from from hydrogen accreted onto

the surface of white dwarfs or neutron stars 12,

13. The crucial reaction, **Ni(p,Y)3’Cu, will
be dominated by {p,Y) resonances, and therefore
the reaction rate is sensitive to the proton
energy of these resonances, The present
experiment shows that the nucleus ®’Cu is proton
bound by 0.7U4(5) MeV, hence there is an 1=1

resonance at 0.30(4) MeV. There is also an 1=3

resonance at about the same energy, but the
larger angular momentum barrier will
significantly reduce its importance. Wallace

and Woosley also included a resonance at 1.752
Me¥ on which our study has no information.
However photodisintegration of ®7Cu dominates
its production at the higher temperatures at
At
temperatures up to T, = 1.0 only the lower
The 1=1
resonance energy is only 0.12 MeV different from
the that originally assumed by Wallace and
Woosley but leads to a significant deviation
SeNi(p,Y)*'Cu

which this rescnance would be important,

energy resonance 1s important.

from the previously calculated



l'lcu
production rate will be due to the influence of
With the
new mass excess for *7Cu we calculate the Q
value for the *7Cu(Y,p)**Ni reaction to be -
0.74(5) MeV instead of the -0.69 MeV assumed by
Wallace and Woosley.

rate, A further correction to the

the inverse reaction, *7Cu(Y,p)®*Ni.

This implies a decrease in
the (¥,p) photodisintegration rate, The ratlioc
of the recaloulated **Ni(p,Y)*”’Cu rate to the
previously calculated rate * va, temperature is
5.
calculated for the resonance energy changed by
+40 keV.
5 is due to the narrower proton decay width of

shown in fig. The dashed curves were

The deviation from unity shown in fig.
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Fig. 5: The ratio of the recalculated

*sNi(p,Y)*’Cu rate in units of cm'/mole-sec to
the previously calculated rate vs. temperature.
The dashed lines were calculated by varying the
resonance energy by the uncertainty in the
measurement, 40 keV.

the resonance and the decreased resonance
energy.

In conclusion, the 37Cu mass excess and
levael structure deduced from this experiment
yield two diverse and significant results.
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First, there is additional evidence on the
Nolen—-Schiffer anomaly which may indicate charge
symmetry breaking of the nuclear force in mirror
When detailed nuclear structure
they fail to

reproduce the measured Coulomb energy shift by

syatems.

calculations are performed,

about 10% for single particle states, and at
If indeed all
gsignificant structure effects have been

least 5% for hole states.

;ncluded. then the most probable cause of the
anomaly must be charge asymmetric forces,
Second, the measured Coulomb shifts of the
levels in %7Cu indicate that recalculations of
the rp-process will change the production rates
of elements with A>56.

a On leave from Department of Physliecs,
University of Athens, Athens, Greece
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RECENT MASS MEASUREMENTS OF PROTON RICM NUCLEI:

"*5e and *Ga

B. Sherrill, C. Bloch, W. Benenson, E. Kashy, M. Lowe, J.A. Nolen Jr.,
J. van der Plicht, J. Stevenson, J.S5. Winfield.

The success of the *7?Cu mass measurement1
Q value of the %*Ni(7Li,*He)*’Cu
reaction has encouraged a continuation of the

from the

program of mass measurements using heavy-ion
transfer reactions with beams from the X500
cyclotron. Two cases which have been studied
recently are the reactions “°Ca(’Li,®He)*?Sc and
PENI{!%C,*L1)*%Ga.

about either *'Ca or °°Sc, the latter nucleus

Nothing was known previously

was thought to be a candidate for ground-state
proton decay. Knowledge of its mass excess
would indicate whether this is true and whether
The
ground state mass excess of *?Sc would alsc make

the third known member of the A=39 isobaric

the lifetime is long enough to be measured.

quartet, which would allow the systematics of
IMME b and ¢ coerricients2
A=39.
nuclei around the doubly magic nucleus *°Ca

to be extended to
In general, knowledge of the nature of
provides shell model data for interactions
within, the sd and fp
shells. The nucleus ®*!Ga is a2 mirror nucleus

and hence its mass and level structure are

and mixing between,

important in a variety of studies including
lsospin mixing, the Nolen-Schiffer anomalya, B
decay, and in some astrophysical calculations
involving proton rich nucleiu.

‘The analysis is still in progress for ®'Ga,
but preliminary indications are not promising

that we will be able to determine a mass. The
cross section for the *°®Ni('2C,?Li) reaction,
I+

which was measured at 3 degrees and with a !32(
beam energy of 15 MeV/A, appears to be below 50
nb/sr. With the 8320 spectrograph it is
possible to measure the Q valus of reactions
with cross sections as low as this or lower.
However in this case an analog beam, “Dn*, was
present in amounts which may have been as high
as 10% of the total beam current and created a

constant background in the °®Li spectra. This
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background process had approximately the same
cross section as the reaction of intereat and
made identification of the *'Ga ground state
difficult.
determine a ®!Ga mass, we can conclude that it

Although we are presently unable to

appears the measurement of the *!Ga mass is
possible using a 3 proton transafer reaction
provided there are no significant contaminents
in the spectra. Possible reactions which would
be free of analog beams are for example
('“N,''Be) or (!'B,%He),

In contrast to the problems encountered in
the ®!'Ga measurement, the *°Sc¢ measurement went
well. These measurements were performed with a
24.7 MeV/u L1 beam produced by the K500
cyclotron. The *He reaction products from the
“°Ca(’Li,®He} reaction were analysed with the
5320 spectrograph set at M degrees. The target
was a 5.8(2) mg/em® 99.96% enriched *"Ca foil,
which was made at the NSCL by reduction of 03603
and evaporation of the metal onto a glass slide.
The target thickness was measured by observing
the difference in energy loss for elastic

scattering from a *Be target of known thickness

compared to that from the “°Ca target. This
technique was checked by an alpha gauge
measurement of the “®Ca target

thickness, The focal plane was calibrated with
’L1+2 elastic scattering (which fell in the
detector at the same field setting as the *He
ions of interest) and by the known Q value of
the *Be(’Li,*He)"B reaction. the "Li

beam energy was measured by the observed
2+

Further,

difference in focal plane position of the 7Li
elastic and the *B ground state peak. The beam
energy was found to be E/A = 24.66(1) MeV.

The spectra for the “°Ca(’Li,®He)?*Sc and
*Be(’Li,%He) *B reactions are shown in Figure 1.
The observed states in *B at 0.78 and 2.32 MeV

correspond to previously known statesB. The few
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Fig. 1 Position Spectra for the °He reaction
products.

baeckground counts above the *?Sc ground state
may arise from the reactions on Zr, which was
used as a reducing agent in the Ca evaporation
process, present in the target. The measured Q
value for the reaction is -37.24(5) MeV. The
corresponding *’Sc mass excess is -14.30(5) MeV.
The quoted error includes uncertainties in
target thickness, calibration, and centroid

determination. We estimate the cross section
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for this reaction at 4 degrees to be .11(1)}
ub/sr.

The mass excess implies that *°Sec is proton
unbound by 470(50) keV. Despite the relatively
high spin, 7/2 , of the ground state ( the spin
is assumed to be the same as the ground state
apin of '?Ar, the analog of *°Sc),
decay energy of 470 keV i{mplies a lifetime on
the order of 10 'Y sec. This lifetime is too
short to be observed by standard decay
The decay width should be a few &V,
which would in itself be difficult to measure.

We thus conclude **Sc is not a candidate for

the proton

techniques.

long lived proton decay.

Using the measured mass excess of ¥93¢c and
other known® T=3/2; 7/2° states in A=39 nuclef
we can extract the b and ¢ coefficients from the
IMME equationz. We find

b = 6.31(1) MeV, and
c = 166(9) keV.
These values agree with the systematics
established for A=3 to A=37.

The relatively large yield for the
(’Li,"He) reaction indicates it may be a useful
tool for studying masses and excitation spectra
of other exotic proton rich nuclei.
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MASSES OF “"Ar AND °®'Ca USING A '“C BEAM AND A “*Ca TARGET

B. Sherrill, C. Bloch, W. Benenson, K. Beard, E. Kashy, J. vanderPlicht, J.S. Winfield,
A.D. Panagiotou®, C. Thorn’.

Recently there has been interest in
studying the region of neutron rich nuclet
beyond *®Ca. This interest was generated by the
that *2Ca is doubly

A review of the literature indfcates

prediction of 'l‘ondeur-‘I
magic.
that little is known about Ca isotopes heavier
than *“Ca and other lighter elements with N >
28.

proposed to use the '“C beam avallable from the

To extend the knowledge of this region, we

Brookhaven National Laboratory Tandem to bombard
a “*Ca target and study a series of reactions
leading to very neutron rich nuclei. However,
due to contaminants in the “°Ca target,
primarily *°Ca, we were only marginally
sSuccessful two attemptas: the
'.BCB(I..C,l‘O)“?AP and tha(lkc’llc.)Slca

reactions.

in

The reactions were studied in the QDDD
spectrometer at the BNL tandem and with '“C
energies ranging from 100 to 110 MeV. The
target thicknesses were measured with the
spectrograph set at 0 degrees and the 1"CG\‘ beam
attenuated to approximately 1000 particles/sec.
The target thicknesses were calculated based on
the shift of the elastic peak with the target in
and target out.
with "‘C6+ elastic scattering at somewhat lower
magnetic fields than those used to perform the

The focal plane was calibrated

mass measurements. Corrections for field

scaling were taken from previous HOPkZ. These
corrections and the calibration were checked by
measuring the Q values of known reactions, for
example *°Ca{'“C,'2C)*%Ca and “*Ca(1*C,!SN)“K.
The uncertainties in the measured Q values due
to the calibration was estimated to be less than
20 keV.
gating groups from a AE-E map generated by the

QDDD detector and was generally very clean.

Particle identification was done by

The purpose of the first study was to

produce and measure the mass of “7Ar.

18

*7Ar had not been observed aven in
stability studies. The spectrum for the
“*Ca('“C,!%0)"7Ar reaction at 6«10 deg is shown
in figure 1,

Previously,

In this case the spectrum is
dominated by '*0 ions from '2C and %0
contaminants in the target. There is an
indication for the “"Ar ground state(g.s.) peak
which corresponds to a Q value of ~18.14{10) Mev
This Q
“7Ar of -

The uncertainty is dominated by

With a cross section of 0.6(2) ub/sr.
value yields a mass excess for
25.91(10) Mev.
background subtraction.

In an attempt to verify this measurement,
the experiment was repeated at g=21 degrees.
The spectrum from this run is shown in figure 2,
10 and '?%c
contaminants have moved to higher “7Ar

As shown in the figure the

excitation due to reaction kinematics. The poor
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Fig. 1 Position spectrum from the

**Ca(!*C,'%0)*7Ar reaction taken at 10 degrees,
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Fig. 2 Position spectrum from the
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100

statistics and background Trom contaminants in
the **Ca target make definite conclusions on the
existence of a *’Ar g.s. peak difficult. The
candidate marked in the figure corresponds to a
Q value of —18.0(2) MeV and a cross section of
0.08(6) yb/sr. This would lead to a *7Ar mass
excess of -25.8(2) MeV, in agreement with the 10
degree data. Based on this data, we
tentatively take the mass excess of *7Ar as the
weighted average of the two measurements, -
26.9(1) MeV. This mass excess is compared to

predictions taken from the compilation of

100 : M3U-96-133
40cq ('4¢,'"C)*3¢Co
G213 deg
443

so} Ca )
g! + + + + :T
:Z, 4.c° (Mc' "C)NCG
O osl 8 =13 deg. )
(3]

3. lole\l E" 100 MeV
20k -—2.5 MeV .
I5r . -
Ca ¢.s.
t 9.3

o] T

sk

o 2

o 25 50 75 100
CHANNEL NUMBER
Fig. 3 Position spectrum from the

ssca(1°C,''C)*!Ca reaction and the measurement
of 'iC ions from “°Ca impurities in the “*Ca
target. The dashed line is a fit to the “%ca
target data.

Mar'ipuu3 in table 1. There is good agreement
with the models predictions.

Table 1: Comparison of the measured “?pr mass to various mass
predictions.
Model | Mass Excess (MeV)
Myers | ~25.08
Groote-Hilf-Takahashi | -26.18
Beiner-Lombard-Mass | -25.0
Janecke-Garvey-Kelson | -25.82
Comay-Kelson 1 -25.70
Experiment | -25.91(10)



The second nucleus studied was *!'Ca. The
spectrum for the “®Ca(l“C,''C)*!Ca spectrum,
taken at ©=13 degreea, 1s shown in figure 3.
Also shown in the figure is data taken from the
*°Ca('*C,''C}*°Ca reaction at the same
spesctrograph settings, which corresponds to
approximately 15 MeV excitation in “2Ca at the
center of the focal plane. The vertical scale
was adjusted to represent the 'C yield expected
from the 4% “°Ca in the “*Ca target plotted on
the same scale as the data taken in runs using
the “*Ca target. Based on this data we conclude
that most of the counts seen in the iower
spectrum are due to the “°Ca impurity. The
dashed line is a fit to the “°Ca(!“c,?'C)*Ca
data scaled for the integrated beam current,
target thickneases, and isotople abundances.
Assuming the lowest state observed is the g.3.
of *!'Ca we obtain a Q value of -16.93(10) MeV,
which corresponds to a %*!Ca mass excess of -
34.96(10) MeV. We also see two more strongly
populated states which 1lie at 2.5 and 3.1 MaV.

4 have recently published a
*1Ca from the
**Ca('*0,'*0)*!Ca reaction at a beam energy of
102 MeV. In their experiment they also used a
96% enriched “*Ca target, with the major
lsotopic contaminant of “°Ca.

Brauner et al,
mass measurement of

However, they
claim to see no background from the “°Ca
impurity which for their system and beam energy
would yield !C ions at around 12 MeV excitation
in **Ca.

corresponding to *'Ca,

Thus, they interpret all '!'C ions as
With this assumption
they measure an excitation spectrum shown in
figure 4. Also shown in the figure is the
excitation spectrum obtained in our experiment
and that calculated with a shell model assuming
a closed “®Ca core and an active 1£7/2 proton
orbit and active 2p3/2,2p1/2, and 1£5/2 neutron
orbits.

space were taken from references 5 and 6.

The matrix elements for this model
This
shell model reproduces the low lying excitation
The predicted
mass excess from the shell model of -35.2(2) MeV
also agrees with the Garvey-Kelson prediction of
~35.15 MeV.

spectra for known nearby nuclei,

These two predictions agree with
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Fig. ¥ Comparison of the ®'Ca excitation
spectrum measured by Brauner et al., this
experiment, and calculated assuming the shell
model described in the text.

our measurement of the mass excess, but disagree
by almost one MeV from the Brauner value. Along
with the mass excess, the observation of several
states with excitation energy beiow 1 MeV by
Brauner is difficult to understand in light of
the shell model prediotion. If their
interpretation is correct it indicates a
significant deviatlon in the shell structure of
Our data do not
indicate this deviation, but it is possible that
the states seen by Brauner are lost in the
the

discrepancies surrounding this nucleus warrant

)Ca from nearby nuclei.

background in our *!Ca spectrum. Clearly,

its further study.
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IN-BEAM Y-RAY SPECTROSCOPY OF NEUTRON-DEFICIENT ODD-ODD Re NUCLEI

J. E. Kupstas-Guido, W. Olivier, W.~T. Chou and Wm. C. McHarris.

Very little in-beam gamma-ray spectroscopy
has been done on odd-odd systems, primarily
because it was thought that such systems were
complicated to the point of diminishing returns,
This seems to be the case for spherical odd~odd
nuclei, but recent results {1] on the deformed

wzﬂe, indicate otherwise. 1In

odd-odd nucleus,
Figure 1 is shouwn the relatively simple level
scheme that resulted from the 181T&(a,3n'¥)‘82Re
reaction. Some 90% of the deexcitation funnels
down through only two rotational bands, with
most of the rest proceeding throu'gh two
addlitional bands.

Deformed odd-odd nuclei are prime
candidates for in-beam gamma-ray studfes for

several reasons: 1) Their spectra are much

Protons Neutron
A Ss2%[4024] Y 9s2* [s2a4]
B 2" [944]
¢ Tz [s234]
4 vz [sea14]

)

oL

g3
ls'—fﬂ----mm cﬁ&p

182

. 1 7578107

simplier than previously thought. 2) Coriolis
couplings and distortions are at a maximum,
including the self-coupling of singlet and
triplet states through the K = 1/2 bands. 3)
0dd-odd nuclei have a "head-start" over other
nuclei for producing high-spin and multi-
particle states. However, very—heavy-ion beams
become more important for studying these nuclei,
since a large amount of angular mementum is
"soaked up" in single-particle rather than
collective motion.

We have begun a systematic study of
neutron-deficient odd-odd Re nuclei with a 1uN

beam on an 170

Er target. From excitation
functions we have found the excitation energies

needed to produce the different odd-odd Re

MSUX-82-08

Fig. 1: '®2Re level scheme from Ref. [1]. All
energies are given in keV, and Y-ray intensities
are normzlized to the 289.0 keV transition.
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172

isotopes down through Re, see Table 1. In

TABLE 1: REQUIRED EXCITATION ENERGIES

ISOTOPE ENERGY
172Re .18 MeV¥/n
17"3& 7.78 MeV¥/n
176Re 5.43 MeV¥/n
178ge %.25 MeV/n
180ge 3.13 MevV/n
1825, 1.99 MeV/n

our first experiment, #84017 (in October-

November 1984), we produced 13239 and saw some
indications of producing 1BO'ITBRe (see Figure
178

2 which 13 a spectrum for Re). Many of the
bands seen in our gamma-ray spectra remain
unidentified, but are in approximately the
correct energy regions to indicate the presence

of these Re isotopes. We are hoping to get more
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Fig. 2: A spectrum for '7®Re from our present

work.

and better data in our next experiment, #85016,
in order to be able to place the transitions

that we see into the bands of one of the odd-odd
Re isotopes.
In future experiments we hope to use

180 and 22Ne, in order to

heavier beams i.e.
produce odd-odd Re isotopes which are excited
into higher-angular-momentum states. This type
of approach will give a more complete level
scheme for these isotopes along with opening up
the possibility of finding more states similar
to the four-particle meta-stable state at 2256.3
keV identified in 'C2Re [1]. This is depicted

in Figure 3 and described as still basically

Fig. 3: Stylized sketch showing four high-g
quasiparticles with their angular momenta
uncoupled and aligned along the symmetry axis.
These four nuclecns provide an "effective”
oblate girdle about a basically prolate core.

prolate, although the four particles produce an
oblate "girdle"™ about the middle of the nu¢leus.
A state such as this may indicate the beginning
of a transition to “oblate—]]“ pseudo-rotational
behavior. Thus, the study of the odd-odd
deformed Re isotopes appears to have a rich and

rewarding future.

1. M. F. Slaughter, R. A. Warner, T. L. Khoo,
W. H. Kelly and Wm. C. McHarris, Phys. Rev.
ca9, 114(1984),



THE DECAY OF

223

Rn BY |

uC EMISSION

C.L. Tam, E. Kashy, D.J. Morrissey, S. Gales

3Rn by '”C emission has been

The decay of 22
recently observed with a S8i telescope1. a
and with track

- The branching ratio for this channel

solenoidal spectrometer2
detector53
of decay has been reported to to be extremely
small: ((8.5+2.5)x10 '")', ((5.5+2.0)x1071%)2
and ((6.111.0)x10_]0)3, relative to a-decay.
Calculations of the branching ratio for such a
decay have also been published". We have
measured the decay with a different technigue in

a magnetic spectrograph.

A n=1/2, 30" radius magnetic spectrograph
recently obtained from Argonne National
Laboratory was used to study this decay channel.
The solid angle was determined to be 15msr with
a 228Th sourc¢e of known activity. The 223Hn
source used during the measurement had an
activity of 0.45mCi which was measured with a Si
detector in a well known geometry. The source
was covered5 with a 30ug/cm2 layer of Au, and in
addition, a 200 ug/om2 plastic foil was used
during the experiment to prevent recoil nuclei
from contaminating the spectrograph.

The carbon fragments were observed in two
resistive-wire proportional counters at the

focal plane. Both energy and position
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information were obtained for each event. The
magnetic field of the spectrograph was set to
focus the expected 29.8Mev 11Icﬁ“ iona on the
detector. The llI-le+ ions having the same rigidity
a3 the carbon ions were identified by their
energy loss in the gas detector, which was no
more than 2,22 Mev, while the 14

was calculated to be about 7.5Mav.

C energy loss

A total of 104.5 hours was used for the
measurement. Four events were observed in the
detector with the energy loss expected for the
11'C':s and at the expected position on the focal
plane. This yield corresponds to a branching
Hc emission relative to a-particles
Rn of (5.2:2.6)x10" 17,

measurement is thus in reasonable agreement with

ratio for !

223

from The present

previous work and supports earlier reports using
a different experimental method.

1. H. J. Rose and G. A. Jones, Nature (London)
307, 245 (1984)

2. 8. Gales, E. Hourani, M. Hussocnois, J. P.
Schapira, L. 5tab, and M. Vergnes, Phys. Rev.
Lett. 53,759(1984),

3. P. B. Price, J. D. Stevenson and S. W.
Barwick, Phys. Rev. Lett. 54,297(1984)

4. ¥Yi-Jin Shi and W. J., Swiatecki, Phys. Rev.
Lett. 54,300(1984)

5. Isotope Products Laboratories. 1800 No
Keystone St. Burbsank, California 91504
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ENERGY LEVELS QF Bk

Z. M. Koenig, Wm. C. McHarris and I. Ahmad®

2505k has been the

subject of considerable interest in recent

The odd-odd nucleus

Years, for its states can be probed in several
different, complementary ways., It is the
daughter of 276-d 25Es®, a high-spin (77)
nuclide whose a deeay1 populates a number of
high-spin rotational bands in 250Bk. The low-
apin (2+) isomer, 39.3-h 25“Esm. decays
25%m, but 1t has a
0.33% a-decay branch® that populates lower-spin
250pk. In addition, the
2u9Bk in large enough

primarily by g8 emission to

rotational bands in
recent avallability of
quantities for useful targets has made it
feaslble to perform transfer reactions such as
2u98k(d,p)25°

independent set of states in

Bk, which populates a more or less
250Bk. Thus, for
this particular heavy odd-odd nuclide we have a
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relative wealth of varied experimental
information, more, in fact, than is available
for most lighter odd-odd nuclides.

Each of the three methods of populating the
25°Bk have been studied. The most
recent one is the transfer reaction,
2498k (d,)%%%K by I.Ahmad which can now be
added to the previous works and compared to

states of

nuclear Coriolis calculations.

a Chemistry Division, Argonne National
Laboratory,Argonne, I1l.
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