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Fig. 7. Average number /z of secondary electrons (.left scales)
emitted from one foil as a function of ion energy. Solid lines:
Differential energy loss according-to Northcliffe and Schilling12)
(right scales). The normalization is different for different ions:
d£/dx= 1 MeV/mgcm"2 corresponds to the following average
numbers of secondary electrons: 7.4 (4He), 5.0,(1GO), 4.2 (32S),

• . 3.8(127I).
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FIG. 1. Measured electron-energy spectra for different ejec-
tion angles in 70-MeV Ne'°~ collisions.with a 20/xg/cm2 C foil
(normal incidence).
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IN-BEAM SPECTROSCOPY OF EXOTIC NUCLEI WITH OSIRIS AND BEYOND

H. Grawe and R. Schubart in collaboration with D. Alber, R. Aliier, D.B. FossanD, J. Hsese, H.
Klugs, K.H. Maier, M. Schramm

Hahn-Meitner-Institut and Freie Universitat Berlin, FRG
I) SUNY Stony Brook, NY, USA

ABSTRACT

The experimental techniques and recent results of nuclear structure studies in-beam close to
lOOSn are reviewed. The structure of the nuclides 97Ag, 100Cd and l<MSn, so far the nuclei of closest
approach Co lOOSn with known excited states, is discussed within the spherical shell model. The
basic shell model parameters of lOOSn , single particle binding energies and two-body matrix ele-
ments, as deduced from the shell model analysis, are summarized. From the available structure
information conclusions are drawn for the design and expected phenomena of future experiments
towards the far-from-stability doubly magic lOOSn.

KEYWORDS

Nuclei far from stability, experimental techniques, lOOSn shell structure, single particle energies,
residual interaction.

1) INTRODUCTION

The structure studies of nuclei far from stability will enter into a new phase with the current de-
velopment of experimental techniques, 4n y-ray spectrometers combined with efficient filter detec-
tors for neutrons, charged particles and mass separated residues, radioactive ion beam facilities
and exploitation of new types of nuclear reactions. In the near future it will be possible to detect
nuclear structure details in these nuclei on the same level of statistical reliability as nowadays for



the less exotic nuclei, which will open the field for the detection of unexpected phenomena. In ex-
pectation of the new experimental techniques there have been recently various excitisg theoreti-
cal predictions especially for medium mass N=Z nuclei, where proton and neutron shell gaps are
mutually reinforced. Collective oblaie rotation Łud stable octu pole deformation are predicted close
to A=70 [Bengtsson 1984, Naiarewic21990], and aew regions of super- and hyperdefojrnation are
expected at A = 90 and 130 [Ragnarsson 1990, Garret, Olson 1991]. The doubly magic nucleus
100Sn is situated in the center of this area and provides an excellent study field for single particle
energies and the residual interaction specifically between protons and neutrons, on which the
above mentioned predictions depend very sensitively and which cannot be studied elsewhere.
Moreover, the Sn isotopic chain between the doubly magic lOOSn and 132Sn allows to study the

spherical shell model throughout a full major shell for N/Z ratios from 1 to 1.6.
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Table 1: Evtporo'.ion residue cross section*
Nucleus Exit a"' ac" ""'"'".ot

channel [mb] [mbj [~]
Reoctlcn MNi-"Tl 230 MeV 2 n g / t a 1

""Cd Zpn 6!s(22) 7.4
">°Cd 2p2n 7.2(30) 6.*
"As 3f.2n 4.7(24) S6
"At op2n 1.0(5) O.S
"Pd tpn 38(10) 35
"Fd o2pn 16(5) 43
Reoctlon "NI*50Cr 245 MeV 2 mj/cn1
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Fig. 1. Nuclidic chart of the lOOSn region. Nuclei with excited states known from P+/EC decay
and in-beam spectroscopy are drawn in different hatching. The closest stable nuclei, com-
pound systems used in the present work and the proton dripline are shown, too.

We will give therefore in this paper a review of the nuclear structure information, which is known
from in-beam studies of exotic nuclei as close to lOOSn as presently possible. By means of a shell
model .analysis of the existing data conclusions are drawn for the shell model parameters of the yet
inaccessible ]00Sn. In Fig. 1 a section of t ie nuclidic chart is shown, which demonstrates the key
position oftheN = Z =50 shell closure.

(i) ' The proton dripiine crosses the K = Z line, offering the last chance to study theT=O
proton-neutron (nv) interaction in identical orbitals, and the only one for the high spin
g9/2 shell and its spin-orbit partser gT/o.



(ii) The dominating role of these orbitals at the Fermi surface allows to study microscopical-
ly the development of quadrupole degrees of freedom.

• (iii) Thengg/2 -»v e^/2 transformation provides a pure and undistorted case to investigate the
Gamow-Tcller decay and the source of its hindrance [Flochocki et al. 1991],

(iv) Finally dripline effects and proton decay can be studied under spherical shell model con-
ditions. However, p+/EC decay studies are hampered by the dripline. So in-beam spec-
troscopy is in some cases the only possible method.

2) EXPERIMENTAL DETAILS

The decay of neutron deficient compound nuclei (see Fig. 1) proceeds predominantly via charged
particle emission, while the neutron evaporating exit channels leading to the most neutron defi-
cient residues are only weakly populated. In table 1 examples of cross sections for various reac-
tions and residual nuclei are listed and compared to predictions from the CASCADE code [Pflhl-
hofer 1977]. Experimental values were determined from an analysis of the radioactive decay for
strong exit channels and from relative intensities in the total yY-spectrum for the weaker chan-
nels. Typically about 30 residual nuclei are populated at the 1% level of the total fusion-
evaporation cross section. This requires a highly selective setup to identify and study the most
neutron deficient nuclei.

In Fig. 2 the OSIRIS spectrometer in its "isospin-detector" setup is shown, which was used in the
present series of experiments. 12 HPGe detectors in BGO shields at 90°± 25° with a total photo-
peak efficiency of 0.55% at 1.33 MeV are combined with a 7 segment neutron detector at 0° with
12% efficiency for evaporation neutrons. The neutron detector is optimized to fit the 12 detector
version of OSIRIS and is part of the 2n neutron multiplicity filter [Alber et al. 1988]. In the for-
ward hemisphere the target is surrounded by an array of 4 silicon surface barriere AE detectors in
the form of a trapezium and 250pm thickness building a cut off pyramid covering 25-30'i5> of 4n de-
pending on the target position. This determines proton and a particle multirlicities. Further de-
tails on the OSIRIS spectrometer and the AE detector array are given by Lieder et al. (1984) and
Alber et al. (1986), respectively. Experiments were performed at the accelerator combination
VTCKSIof the Hahn-Meitaer-Institute.

3) RESIDUE IDENTIFICATION AND LEVEL SCHEMES

The identification of unknown y-ray cascades by means of the charged particle and neutron multi-
plicity information is illustrated in Fig. 3. Ratios of YY coincidence intensities gated with two- and
single-fold proton coincidences I(YY2pW(yylp) for different exit channels are shown in Fig. 3a for
the reaction 58Ni + 46Ti at 230 MeV of the 53Ni beam. Besides the average experimental values for
individual nuclei also theoretical values as obtained from the well known multiplicity formula
[Habset al. 1979] with the detector efficiency from a fit are indicated (solid lines). As only true pro-
ton events were analyzed small corrections must be applied to the theoretical values in the case of



additional a evaporation. In Fig. 3b the averags experimental values for the ratio I(yyn)/I(yy),
which is independent from neutron detector cross talk due to scattering, is shown for several evap-
oration residues and the reaction 53N'i + 50Cr at 2-45 MeV. For both, protons and neutrons, the in-
tensity ratios are distinctly grouped within their error bars according to their multiplicity and in
good agreement with the theoretically expected values. Even for weakly populatad exit channels
as 104SD (see Fig. 3b and Table 1) a safe multiplicity assignment is possible.

12 Hr-Ge Oefscfors
in BOO ACS

OSIRIS 3 0

.20

.10

(a) 53Mi+4

3p " «
1

2p—P— •g

' ?
e
a
a

3

t *
i

(b) i3Ni+S0Cr

2n •

a 1 n
U -a -
= X T- o o
c " "
a c e
w a a
0 * f«

1

c
V).20

.10

Fig. 3a. Charged particle multiplicity identifi-
cation of residual nuclei in the reaction
«3Ni+«Tiat230MeV.

Fig.2. The OSIRIS isospin-spectrometer b. Neutron multiplicityidentification in the
with neutron and charged particle multiplicity reaction 53Ni+50Cr at 250MeV.
filters.

With the method described above the following nuclei close to lOOSn have been identified for the
first time in-beam (see Fig. 1); 97Ag (Alber et al. 1990] ,10<>Ag[Alfier etal. 1991], lOOCd, lOlCd [Al-
ber et al. 1987], 104^, lO4Sn [Schubart et al. 1991]. Excited states in the odd-odd lOOAg and lO4ln
were known before from P+/EC decay of lO°Cd [Rykaczewski et al. 1989] and l^Sn tSzerypo et al.
1990], populating mainly low spin states. In the heavy ion in-beam spectroscapy of these nuclei,
however, not a single y-ray already known from the decay studies was observed, which stresses the'
importance of exit channel identification.



Level schemes were constructed mainly from the analysis of nyv coincidences, which are least con-
taminated by the strong exit channels with only charged particle evaporation. To demonstrate the
quality of l i e data even for weakly populated residues in Fig. 4a a nyy coincidence spectrum with

gale on the 1259 keV transition
in HHSn js shown. Level se-
quences are determined in the
order of decreasing Y-ray inten-
sities, from cross over transi-
tions and lifetime information.
Generally, the neutron deficient
nuclei discussed here are popu-
lated too weakly to possibly ana-
lyze DCO ratios for multipolar-
ity determination. Spin and par-
ity assignments are therefore
mainly taken from syslematics.
Supplementary information,
however, can be drawn from
electronic lifetime measure-
ments (see Fig. 4b) and Doppler
shift (or broadening) making
use of El, E2 and Ml strength
values known to be typical for
the lOOSn region. In particular:

Fig. 4a. nyy coincidence spectrum
for HMSn with gate on the 1259 keV.
b. Time delay spectrum for the 1259 keV transition.

(i) Doppler shifted (or broadened) y-rays below 700 keV are likely to be Ml transitions
due to the dominating proton n gg/2 orbital (see e.g. Piel et al. (1990)).

(ii)E2 transitions are weak close to the double shell closure, i.e. non Doppler shifted y-
rays and ns isomers are mainly E2 (or El) transitions.

The level schemes shown in Figs. 5,7,8 have been constructed along these lines.

4) SHELL MODEL ANALYSIS AND NUCLEAR STRUCTURE CLOSE
TO lOOSn

The N = 50 isotone 97Ag with three proton holes in the doubly-magic lOOSn core, so far is the clos-
est experimental approach to lOOSn with known excited states. Therefore the basic shell model pa-
rameters as single particle binding energies (spe) and the two-body matrix elements (tbme) ofthe
residual interaction cannot be determined empirically from experimental levels ofthe l00Sn±
one- and two- particle (hole) neighbors. Several previous shell model investigations of N = 50 [Al-
ber el al/1990, Gloeckner, Serduke 1974, Blotnquist, RydstrBm 1985, Ji, Wildenthal 1988, Alberet
al. 19S9J and N=49 (Gross, Frenkel 197G] isoloncs, however, have resulted in a reliable cmpirical(



set ofspe and tbmc within a proton (n) and neutron (v) pi/;, gg/j model space. Little is known ex-
perimentally about the nv and vv residual interaction for the open N>50 shell with the vdo/2, g7/2,
si/2 and da/;orbitals (see Fig. 1). A realistic set of tbme has been derived in a n pi/2, go/2 vds/2, gv/2,
si/2, ds/2 space from nucleon-nucleon phase shifts using the Sussex and Yale codes [Skouras, Dedes
1977] and was successfully applied toN = 51 nuclei around 90Zr.

In our shell model analysis of Na50, Zs50 nuclei close to the double shell closure we have adopted
the following assumptions:

(i) We have used a hypothetical lOOSn core and a n(pi/2), gg/2 vds/2, g7/2, si/2i &312 model
space to calculate positive parity levels. We have omitted the least bound vhi 1/2 intruder
state. For N>51 nuclei the n pi/2 orbital was omitted and the ngg/22 interaction accord-
ingly renonnalised leaving the n-2 spectrum unchanged.

(ii) the nn interaction was taken from a seniority conserving set of empirical tbme derived
for N =50, 51 nuclei in a pi/2, gg/2 proton space IGloeckner, Serduke 1974]. The proton-
neutron (nv) interaction for n(pi/2, gg«) vds/2 was taken from the known multiplets in
90Y and 92Mb for the diagonal part, and from the average of the two sets of realistic tbme
derived from the Sussex and Yale codes [Skouras, Dedes 1977], for the remaining model
space. The latter was used also for the vv interaction. To account for the different model
spaces used in the derivation of empirical and realistic tbme, we allowed for a general
scaling factor and shift of the realistic diagonal matrix elements. It was found that only
the vv tbme had to be increased by 40% with a general shift of 0.33 MeV, which enters
only into the calculation of absolute g.s. binding energies.

(iii) With this given residual interaction the single particle binding energies relative to a
lOOSn core can be calculated from those relative to 90Zr using Racah algebra (c.f. Blom-
quist, Rydstrom (1985), de Shalit, Talmi (1963)). Taking the 90Zr values from experi-
ment [Bloketal. 1976] the following spe are derived for lOOSn: C (npi/2-1) = 3.38 MeV,
E(ng9«-l) = 3.00 MeV, e(vd5/2) = -11.13 MeV, C(vg7/2) = -10.93 MeV, e(vsi/2> = -8.33
MeV, c(vd3/2) =-8.24 MeV.

(iv) For the calculation of E2 matrix elements effective charges en=1.75 and ev=1.50 have
been used as derived from £2 transitions and moments around 90Zr [Gloeckner, Serduke
1974, Raghavan et al. 1985].

With these model assumptions we have calculated levels and g.s. binding energies in N = 50, 51
isotones [Alber et al. 1989,1990], Sn isotopes with As 107, QEC values for even N=50, Sn and Cd
nuclei [Plochocki et al. 1991], Gamow-Teller distributions for even N=50 parent nuclei [Plochocki
et al. 1991], selected quadrupole moments and B (E2) values in 100,101, lO2Qd [Alber et al. 1987],
Only part of these results will be discussed in the context of this paper (Figs. 5-8).

In Fig. 5 the experimental level scheme of *''<7Ag 50 with three proton holes in the l°°Sn core is
compared to a pure n(pi/2, gg/2)-n shell model calculation (SM-PG) and a n g(9/2)-n approach (SM-G)



[Alber et al. 1990]. Both theoretical approaches reproduce the experiment equally well, justifying
the assumptions made in (i, ii) for the nn interaction.

A crucial test of the nv inter-
action is provided by the de-
velopment of the neutron sin-
gle particle binding energies
going from S0Zr to lOOSn. In
Fig. 6 for the odd N=51 iso-
toncs the experimentally
known lowest I"=l/2+ , 3 /2+

and 7/2+ states relative to
the In=5/2+ ground states
arc compared to the shell
model results. The most
prominent feature is the dra-

17/2*

13/?*

1/2"

W2*

IW2-)

-—113/2*1

19/2')

12B* 13/2*

SM-P6 EXP SM-G

Fig. 5. Experimental and shell model level
scheme for the N = 50 nucleus 9?Ag.
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Fig. 6. Shell model calculation for neutron single
particle states in N=51 nuclei/Values are from
Piel et al. (1990), Nuclear Data Sheets (1972,1983,1990)

SM SM

" C d 101Sn

matic decrease of the vg7/2-
vd5/2 splitting from over 2
MeV in 9'Zr to almost degen-
eracy in 10'Sn, which is also
seen experimentally up to
97Pd. This unique behavior is
due to the strongly interact-
ing ngg/2 vg7/2 spin-orbit
partners and cannot be re-
produced by a schematic in-
teraction as e.g. MSDI with
common strength param-
eters for all nv multiplets.
The shell model calculation
accounts also very well for
the level scheme [Piel et al.
1990] and the B(E2) strength
from the I"=17/2+ homer
in 97pd, measured in the
present series of experiments
[Alber etal. 1990]. This

establishes confidence in the lOOSn single particle binding energies (iii).

To demonstrate the appropriate choice of the vv interaction (ii) (and the neutron spe) the experi-
mental and theoretical level schemes for 104Sn and lOGSn are shown in Fig. 7. The experimental
level splitting clearly corroborates the increased vv interaction strength. Also, due to the near-
degeneracy of the vd5/2and vg7/2 orbital nosubshcll effect at N=56 is observed. l"4Sn issituated,



at the proton drip line. This may explain the constancy or even slight increase in the B(E2,
6+_4 +) as compared to "JGSn and the failure to reproduce this value theoretically for lO4Sn.
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Finally, to lest proton a .C <• 'utron excitations simultaneously we show in Fig. 8 the experimental
level schemes of lOOCd .-nd -<"Cd ini tomparison to shell model predictions. The pure proton
n(g9«)"2 character of the I" = 8+ isomejr in lOOCd, as proven by the g-factor g=1.24(6), the neutron
character of the experimentally observe<HI> = 6+ slate leading lo the isomcrism and the missing y-
ray branch to the proton In = 62+ slate is nicely reproduced in the shell model. The absolute value;



of Use isomeric B(E2] strength between these states of entirely different intrinsic structure is un-
derestimated in theory.

5) SUMMARY AND FUTURE EXPERIMENTS TOWARDS 'OOSn

Wilh thu present knowledge of the shell structure around lOOSn as resulting from the analysis of
the available experimental data sound predictions can be made for nuclei yet inaccessible, that
can be tested in future experiments. In Fig. 9 Lhe experimental single particle structure ("EXP") is

KlV Protons Neutrons HeV compared to theoretical predictions
from the generalized Woods-Saxon
(WS) and the folded Yukawa (FY) po-
tentials (Leander et al. 1984], Consid-
erable deviations are found for some
orbitals and the neutron shell gap.
The lOOSn ground state is bound by
3.0 MeV against proton decay and
predictions for 99In and lOlSn can be
read from the figure. With the new
generation of 4n y-arrays implement-
ed with filter detectors for evaporated
particles and recoiling residues the

Fifi.9. Single particle levels for a lOOSn core nuclei 98Cd, 99Cd and 102Sn will be

as deduced from the present shell model ' accessible, probing the mi, nv and vv
analysis. Theoretical values for the universal residual interaction, respectively. As
Wocds-Saxon (WS) and folded Yukawa potent- can be seen in Fig. 9 protons are un-
ials (FY) arc from Leander et al. (1984). bound in 101Sb; 105Sb provides the

last experimental access to the posi-
tion of the proton levels beyond Z = 50. Typical cross sections for the production of these nuclei em-
ploying stable beams and targets in fusion - evaporation reactions are between SOub and lmb. A
word of caution might be appropriate as to the experimental equipment. Most of these crucial pro-
be nuclei are predicted to have isomers in the ns to us region. This may limit the applicability of
recoil mass separators and seems to favor an upgraded version of the setup described in section 2.

A. further approach towards a spectroscopy of lOOSn requires radioactive ion beams. The intensi-
ties foreseen for secondary beams produced by the facilities presently discussed [Garret, Olson
1391, Haas et al. 1990] restrict fusion-evaporation residue production to cross sections below
10(htb. Therefore relativistic heavy ion beams may be more promising to reach the ultimate goal
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Abstract: The very neutron deficient nucleus ImSn hns
been identified in in-beom spectroscopy using the
reaction 5uCr(SBNi, 2p2n) and neutron and charged
particle multiplicity niter detectors. Excited states up
toI»10andE* = 4 MeV were observed and the level
scheme is discussed in the frame work of the spherical

'shell model.
The spcctroscopic approach to the extremely neutron
deficient doubly magic >o°Sn has made substantial
prouress recently. 97Ag [11 and lOOCd [21 have been
studied in-beam and 9»AB in the p*/EC decay of98Cd
[31 . From these studies fairly good knowledge of the
proton-proton-dm) and proton-neutron (nv) residual
interaction and single particle binding energies was
obtained. Much less is known about ti\e neutron-
neutron (vv) interaction in the light semimagic Sn
isotopes. Due to the near-degeneracy of the vds/2. and
VR7/2 orbilals at Z = 50 the N = 56 subshell closure
disappears [4.51 and therefore little is known on the
VR7/2 ^ and vg7/2 dsy2 interaction. The experimental
situation is complicated by the fact that the Sn isotopes
with A<105 touch the proton drip line so that they
cannot be populated by 0*7 EC decay.

In the present work we have searched for light Sn
isotopes populated in the reacliun 50Cr+5°Ni at 24S
and 250 MeV energy of the Ni beam from the tandem -
cyclotron combination VTCKS1 at the Hahn-Meilner-
Institute. The target was a 2.1 mg/cm2 Toil of ™Cr
enriched to >97 % nn a 23 mg/cm2 Au backing. The y-
rnys were detected in the 6 and 12 detector version of
OSIIUS [61 with the detectors positioned at 00' and 90°
±25°, respectively. Evaporation neutrons were
measured in a 16 respective 7 segment close packed
detector array made from hexagons and pentagons [7|.

An array uf fuur -1UU pin Lhick 3U0 mm- lame SSU ^E<
detectors served as a multiplicity niter fur charged
particles, discn'minntlng also between evaporattun
protons and a-portides [8], Further details,on the
experiments und data handling are published
elsewhere [1.21.

In Fit:. 1 n iivY spectrum with gnto on on unnssigncd
1259 keV transition is sliuwn.The y-rays (1) 1259,682,
314, 1182, 539 keV are in mutual coincidence,
coincident with protons but not with a-particles. In Fig.
2 the intensity ratios HnvWJtVY-* ore shown for several
known residual nuclei populated in the present
experiment and compared to the values for the new and
unassigned v- r ay cascade (1). The vnlucs for a second
yet unassigned cascade (II) 1272, 522, 314, 321, 817
kcV are also shown. Clearly the first enscade (I)
belongs to a 2n exit channel, whereas all other y-ray
cascudes are In. Starting with the compound nucleus
'U%2Te56 nobble assignments are restricted to
104Sn54, -*"In 54 and l 0 5Sn55, lO-Unsc for cascades (I)
and (H), respectively, as the heavier isolones are
unlikely U) be populated with measurable cross section,
and the lighter isoloncs are known. lUJIn, with a
dominating U97keV transition, hus been identified in
the present series of experiments from proton
multiplicity M p = 3 , whereas due to the low population
cross section no definite M^ can be given For cascades
(I) and (II). Further evidence comes from the Doppler
shift observed in the 90±25" detectors. The y-niys of

• cascade (I) urc unshiftcd as expected for E2 (or FA)
transitions. The y«rays of cascade (II). except Tor the
1272 and 522 keV transitions arc Doppler shifted,
which is expected for fast Ml transitions as known for
all odd-A In and Sn isotopes.
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Therefore cascade (I) is nssigned to HUSn and (II)
conbctjuctitejy l» J»5«Sn. TJiis assignment is further
corroborated by the bombarding energy dependence of
the relative inlcnsilcs. We also made a search fur the
residues from the muin Uirgel contaminants '-C and
i n O with the result, thnt none of the known residual
nuclei with proton multiplicity Mn = 2,3 and neutron
multiplicity Mn » ]/J (and Mu - b) contains the \*ray
vnscade (I) under discussion. The observed Doppler
shifts exclude nn asaignmunlof the respective y*rnys to
the light contaminants, as the air responding shifts
should be SU'jj larger. The population cross section was
determined from the coincidence intensities relative to
strongly populated prompt exit channels for which the
cross section was determined from C+/EC decay
intensities |2). The experimental vutue o = 5(3) nib
compares well with the CASCADE [9J prediction, o = 5
nib, when avcr«Bed over the 40 MeV energy loss oflhe
245 AlcV 58Ni inns in liit target. The level scheme as
shown in Fig. 3 was constructed in the sequence of
decreasing intensity of y-rays and continues the trend
seen in the systemu tits of the heavier even Sn isntapcs
110,11], Due tu the low production rate the analysis of
W "ngular atrrchtiun data wos not feasible. The
tentative spin jii.signintnls given in Fig. 3 are
Ihvrbture tuken fruni system.'itics. Tliey are consistent
with the Doppler shift results and the half life I- =
1.5(5) nt measured with the ccjitniid shift method for
the 1^59 kt-V v-rwy. which is ascribed to the 314 keV
(G* )- .(4*l [irimnry transition.

Kor niinpfirisoii tin* yrnst love Is of tlie even Sn isotopes
with neutrtin nutnlicr N = 66 and 08 are shown on the
right side v( Kifi. 3. lCviHrntly there is. no hreiik in the
general trend at N = 56, currobornting previous
evidence 1-1,51 that llie vó;,rz an^ g7/2t""bilals are nearly
dfgctieniU' in l' l l lSn. In the left part of Fig. 3 we
present the result »f a shell model calculation for
t f l J Sh. I£x|H.'rintt'nli!Iy Jitllf is Unitwn nboul the vv
rcbi(juitl inti-ractii.n for a !'"Zr nr l l t l lSn core. We have
iijt'difiL'd the iiL-uiron-noutrun twn-body mittrix
t'luniunb*(THMT.) ofSkuurasand Dt'des>tl21,hy scaling
ihc rivera^e ttf their two bets of THME with a factor of
1.4 In rejiriidiitrv the correct level splitling-in W-.HJZr
tind U";Sn. To niciiutil fur pround stole hinding
energies Die r]j;»^nniil TUNIiC wtirc shifted by
•+ 31okeV. Single piirticU' energies Is.p.e.) relative to
H("Sn. rlvdk-jl =-11.13,i(v«7c» =-10.03, i(vsirj = -
H.33 nnd ttvtl;rj) = -y-24 MtV wt-recalcuiaterf from llu:

' " S n

p experimental ones in 9lZr (13) using the n gg/a vj
' proUin-neutron interaction as listed in rcf. !12] for j =

B7rt!. si/2, d3^ and from experiment (S2N|j) fur j = ds/2.
The present choice of TUME for the nil, nv and vv
interaction gives a satisfactory description of the
N = 51 isotoncs, tfie N = 52 nucleus nmCd 12] nnd
Ui4,u>f'Sn including the ground state binding energies.
Nevertheless it should be regarded only ns a starting
point for n comprehensive shell model study of nuclei
close tu lf»Sn between the N = 50 isoUme and Z=G0
ISOUJ|>C series. Furthermore it should be noted, that the
correct level sequence of Ihc I" = 2 + , 4 + , 6 + states is
only obuiincd if the s\a and ńsrz subshtlls are included
to bring Ute J" = 4 ł slate below the 6+ state with
predominantIvd ivglrz)^ structure.

In conclusion tlic spectroscopy of the lightest Sn
isotopes, though hampered by low reaction yields nnd
limited in the amount of accessible duto, contributes
substantially to basic shell model parameters as single
particle energies and the neutron-neutron residual
interaction <<wi»g to the simple structure of these
nuclei.

J) C li. Alber et ul.: Z. I'hysik A-AUmiic Nuclei 335.
2G5I199U)

2) I). Alber et ni.: Z. Physik A-Alomic Nuclei 327.
127 (1987) ond submitted toZ.Poys. A.
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TABLE III- Energy- and angle-integrated cross sections for one-neutron transfer reactions induced
.by various projectiles on 2OfPb targets.

• Reaction (MeV) (MeV)
"cip

(mb)
a [Eq. (7)]

(mb) Ref.

(12C,13C)
(16O,17O)
(2sSi,27Si)
(28Si,29Si)
<37C1,38C1)
(37CI,36C1)
(46Ti,47Ti)
(**Ti/iD
(4!Ti,4JTi)
(4STi,47Ti)
(»Ti,3lTi)
(5OTi,4!>Ti) ' '
(3SNi,39Ni)
(ssNi,57Ni)
(wNi,"Ni)+>U
(^Ni.^Ni)-^
(!0Se,!ISe)-<^.
("Kr,!7Kr)
(132Sm,1HSm)
(I5?Sm,tJ1Sm)-
(»:Th,2:"Th)

97.9
104
225-
225
250
250
297
297
300
300
303
303
375
375
380
380
525
695
1311

1311
1314

-2.422
-3.227

-13.240
1.105

-1.259
-6.374
1.506

-9.259
-0.775
-7.690
-0.992
-7.010.

1.631*
-8.265
-1.273
-5.722
-0.667
-1.858 '
-1.502
-4.330
• 0.307

22
100
<0.5
214
160
38
210
7

225
17
205
28

265 *
- 11
160
60
194

' 200
80
43
370

101
106

o.:
174
169
30
205
5

204
15
191
23
225
11

. 208
54
216
200 "
218
121
367

11
12

> 8
8
7
7
9
9
9
9
9
9

7
7

This work
This work
This work

10
30
•30
30



fio. 1:
Section of the
nuclidic chart around
82Se with population
cross sections (mb) for
P-uns'.able nuclei.

78Ge

82Br

81Se
>28
80'As

25

ł Kr

83Br
120

82Se

81As
108

80Ge
10

S5Kr
10

4 B r

67

83Se

111

S 2AS
>36

86Kr

84Se
21

82,

= 28

= 50



Table 1: Production cross sections for B- unstable projectile like
nuclei in 208Pb + 420 MeV 82Se.

Reaction Channel

208pb + 82Se-> (-2n)-> 80Se +
( -n)-» 8ise +
(+ n)-> 83Se +

( +2n)-» 84Se +
(-n-p)-* 8OAs +

•(-p)-> 81AS.+
(+ n-p)-» 82As +
(-n + p)-> 82Br +

(+ p)_> 83Br +
( + n + p)-» 84Br +

(+ 2p)-> 84Kr +
( -a)-> 78Ge +
(-2p)-> 80Ge +

210Pb
209pb
207pb
206pb
210Bi
209Bi
208Bi
208TI
207JI
206JI

206Hg
212po
210Po

' Qgg [MeV]

-6.9
-5.3
-1.5
+ 0.4

-12.4
-8.6

-10.4
• -5.1

+ 0.7
+ 0.7
+ 4.0
-19.9
-14.0

o [mb]

>28 (6) a)
111 (10)
21 (4)
25 (6)

108 (35)
>36 (14) a)

7 (1)
120 (100)
67 (18)
—
8 (1)

10 (3)

a) Lower limit, as only part of the decay intensity was observed
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1800 tape blocks analyzed
3090137 events analyzed
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3,689,814 2-fold events
140344 3-fold events
10.747 4-fold events
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GIANT DIPOLE RESONANCES. CAN A RECOIL DETECTOR HELP?

Adam Haj (Kraków)

In collaboration with
J.J . Gaardheje, A. Atac, B. Herskind (Copenhagen)

F. Camera, B. Million, A. Bracco, M. Plgnanell l (Milano)

ABSTRACT

The basic relations between the shape of the Giant Dipole

Resonance (GDR) and angular distributions of j~rays depopulating

GDR, and the shape and type of rotation of atomic nuclei, are

presented. The evolution of nuclear shape when the angular

momentum and temperature of nucleus are increasing, and the effect

of thermal shape fluctuations on the measured observables, are

overviewed. The multidetector array HECTOR for high energy y-rays

detection (installed in Niels Bohr Institute) is described and the

techniques used in GDR experiments are discussed. The experimental

data for two nuclei: 1 Sn and ' Ybjare presented and compared to

the theoretical calculations. Problems associated to non-fusion

reaction channels are pointed-out, and the use of the recoil

detector, as a possible solution of these problems, is considered.

Plans for the nearest future are given.
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Giant Dipole Resonance
built on excited states of 55Mn

studied in compound nucleus reactions

I High energy •) rays emitted in the decay of the Giant Dipole Resonance (GDR) built on
I excited states can be observed in compound nucleus reactions. In experiments described
I in this thesis we measured 7 rays depopulating the GDR in 55Mn compound nucleus that
/ was formed at an excitation energy of 31 MeV.
> .

The measurements were performed on U-120 cyclotron of the Institute of Xudear
Physics in Kraków. Fo^each event two parameters were registered: the 7 energy deposited
in a BGO detector and the time between the beam burst and the detection of the 7. In
some of the measurements coincidence between BGO and one of two Nal counters was
required.

In this work we calibrated our BGO detector using slow neutrons capture finis of
10.2 MeV and 7.4 MeV. For low energy calibration we used a 60Co source giving sum peak
energy of 2.5 MeV. However, during the experiment we did not need a neutron source.
It was discovered that slow neutrons are an important part of the background existing
during cyclotron operation. Capture of this neutrons provided an on-line calibration.



Figure ; The BGO
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Table .: The isotopes in the BGO compound and tbeir
abundaoces, thermal neutron capture cross sections and the
capture energies.

Isotope

7ac«

abundance
X

99.762
O.O38
0.200

20. S
27.4
7.8

36. S
7.8

100

a
Ibl

0.000178
O.23S
0.00016

3.2
0.98

15
0.143
0.09

0.011

capture energy
llteVI

4.14
S.04
3.06

7.42
S.78

10.20
6. SI
S.O7

4.60
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Figure t A background
in-beun specUum measured
using Ibe BGO detector.
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