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INTRODUCTION

Thée areas of research, established in cur laboratory a few years
back, were followed also during 1980, Appreciable emphasis however was
given in the area of applications of nuclear methods,

This emphasis s not the result of staff expansion as much as the
desire of the researchers to utilize their knowledge in tackling probiems
of their immediate environment,

In this area, XRF, PIXE, perturbed angular correiations as well
as nuclear reactions were utilized Teading to significant conclusions
in many instances.

In the areas of basic research, work continued along the 1ines
established in the previous years. In heavy ions, measurements were ex-
tended in other nuclei in the search of quasi-molecular resonances -a
topic of an International Conference organized by the Laboratory in June
1980, Similarly the competition between pn and d channels was studied
in other systems, The results of these experiments indicate that measure-
ment of the competition offers the possibility of distinction between
compound nucleus and direct reaction mechanisms, Spectroscopic work with
gamma rays emitted either from iight or heavy ion reactions resulted
in establishing decay schemes for several nuclei., In theory research
has been performed in correiating magic numbers with symmetries in the
isomorphic model, the estabiishment of a two-nucieon effective potential
for high energy heavy - ion collisions and further extensions of the
isomorphic and VMI models,

From a technical point of view, we had very few mishaps serious
enough to hamper our operation. We feel however strongly the energy
Timitations imposed on us by the low terminal voltage and we still
hope that adegquate funds can be secured in the near future for the ne-
cessary post accelerator,

Concerning our data acquisition system, the on-iine PDP-15
computer is ciearly showing signs of its age and an order has been

placed for the procurement of a new more powerful computing system,
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Visits of scientists from abroad for experiments with our
Tandem as well as visits by our scientists to other Taboratories, were
found again to be very beneficial,

The dedication and quaiity of our technical and administrative
personnel, this hidden variable in the continuous progress of our labc-
ratory, is especially ackz1ow1e§lged.

George Vourvopoulos
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i, HEAVY 10N REACTIONS

. . . 36
Search for intermediate structure in Ar above the coulomb

barrier

G. Vourvopoules, X, Aslanoglou , R. Cap1ar+and D. Pocanic’

328 leading to the ground and first

The reaction “"Mg('%c,q)
excited states of 36Ar was utilized. The excitation function covered
the region ECI: 11.9 - 19.4 eV and angular distributions were measured
at 16.angies (9, =10° - 85%).

The measured excitation functicns were analyzed statistically,
For this purpose, the summed zbsolute correlaticn function C{L), the
summed correlation function CIE}, the summed absclute deviation function
D(E) and the summod deviation function DIEY were calculated. The results
are shown in Figure 1,

The measured angular distributions were fitted with squares of
single Legendre polynomials and with squares of the coherent sums of
pair§ of Legendre polynomials (o(8) = k. Pi(cose) 4—ue1BPg(cosB)[2)

For each angular distribution, 2 and & {¢=:+lor e = 2 + 2} as well as

a and B were varied in order to find the best fit to the data. The
results are shown in Figure 2.

The present experiment and the subsequent analysis show the
following: {1} in most cases, two-Tevel fits to tha angular distribu-
tions are satisfactory, {(ii ) single 2-values, i,e, 2 = 5,4,7.0,11 and
13 are predominant (a < 0.5, ¢r a > 2} in the angular distribution at
Eoy= 12.3, 12,9, 14.3, 16,4, 18.1 and 18,7 MeV respectively, (iii) ma-
xima in the deviation functions appear at the same energies as above,
none of them however exceeds the 1% probability 1imit. Thus, the data
and the analysis indicate the presence of spin selectivity in the
reacticn and energy range studied. fowever, intermediate resonances in
the 3 Ar compesite system, if present, seem to he relatively weak and

probably interfere with the statistical background.

+ L L oy I
R. Beskovic Instituie, Zagreb, Yugoslavia
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Fig. 1. Results of statlistical analysis

-

Fig. 2. Fits with coherent sums of pairs of Lagzendre poly-
nomials at indicated laboratory encerglesi i values
without parentheses dencte the Legendre polynendals having

larger amplitudes.
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unbound deuteron disintegration to the

26

174 f
recetion C{"70,pn) AL,

The contrih
1z

E.N. Gazis, P. Kakanis and A.t. Xenoulis

A proton-neutron pair can be emitted in a nuclear reaction
via two distincly different processes: either via succesive evapo-
ration of nucleons or from the disintegration of singlet deuterons as
seon a3 the latter arc found cutside the patential of the residual
nucleus,

In a previous experimental study1 of the reaction lzt(lﬁospnl
at 30 and 36 MeV it was concluded thal a significant fraction of
Cress section was due to the emission and subsecusnt decay of unbound
deuterons. According to evaporation madel estimates, however, only a
small Traction, between 3 and 10% relative to the stable deuteron
emission is expected to proceed via singlet deuteron cmission.

: In the present study preton-neutron coincidence technigues
were utilized in order to observe the fraction of pn originating from
singlet deuteron disintegration. The diffevent anqular dependence of

a proton and a neutron emitted either succesively or via disintegra-

tion of a singlet deuteron was exploited in order to characterize the
D'{"DCGSS hU wrﬂr‘n ‘th plr"(ﬂu”—-nﬁ'!l‘f'\"el“ naire were r\}*oduced‘ Jﬂ“!thcuqh Ty

coincidence data were obtained at several aryles | special attention
was Ggiven to symmetric detection geometries, that is DD: Gn and ep;-e
about the bear axis.

From the pn-coincidence ancular distribution and the ap

]
-
[t
s

gistribution of protons it was concluded that the proton-neutron pairs
emitied in the veecticn are almost exclusively duc to succesive eva-

poration of nuclecns from the compound nucle

Reference
1. V.valcovic, R.L. Liebert, R.Plasek, R.M. Wheeler, T. Zaber and G.C.
Pniilips, Lett. Huov. Cim 10, 461 (1974).
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The 3g4'stemaf;z',cs of the competition between pn and

"
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product emission in heavy-ion induced compound-nuec

A.C. Xenoulis and A. Aravantinos

The particle-y coincidence technique recently proposedl
for the measurement of isoproduct competition, i.e. the competition
between exit channels producing the same residual nucleous, has hboen
employed in order to obtain the cempetition hetween pn and d emission
in a series of heavy jfon induced CH reacticns.

These data demonstrate that, ir general, the pn relative
to d emission increases with increasing bomberding energy. Furthermore,
a representation , which seens to be un'if;ueS vas recegnized by which
the pn over d competition data are unified irrcspectively of the nu-
clear reaction involved. Specifically, when the logarithm of the vatio
pn/o is associated with the maximum excitation enargy avsilable in
the residuat nucleus a nesrly straight line dependence is observed,
It should be noted that almost all the availeble deta ave resiricted
on a unigue line irrespectively of the reacticn.

There is mounting indication that the factor underlying the

£ W

e R e e e N R T o vty R (o S Sy = X R R S R S 3 S h
isoproauct competition is the phas acnstty of states avai-

m
L
L]
il
1
o
o)

Table to the cluster ov multiparticle evaporation.

This recent understanding with respect te tsoproduct compe-
tition in CH recactions offers firstly a predictive Tramework for pra-
ctical applications and secondiy renders the mezasurements of pn  over
d emission a novel tool for the investigation of phenomena deviating
from CN evaporation, such as competing reaction mechanisms or gquasi-

molecular resanances,

Fin

Reference

3 LA O Namanis o on oo D Vol i T Grreeee ey el g Fimpmrr s e
el ASRDUIYTS, BV zazhns, P Rawanis. L sucurescu and A anaion
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Dietinetion between comrpound-nuclzus and divect reaction

mecharisms tn ( Li,pn/d) reaeticns

A. Fravantinos and &.C, Xenoulis

The measurenment of competition between pn and d emission

in a heavy-ion induced yeaction offers a possibility to distinguish

3
o

between compound-nuclieus an irect reaction mechanisms, in particular

pn

CH evaperaticon and direct 'He trans-

d
("Li,pn/d} reactions, since it is expected thal tie o /oﬁ ratio
.
i

will be very different in ¢

8]

se G

4

fer. In fact, we have developed a method for the measuvvrement of compe-
tition between different reaction mechanisms in such reactions.

0f the reections studied the iDO(OLispn;’tE) presents particu-
lar intercst, which was studied as a functicen of bonkarding ceneray
between 10 and 19 MeV. In that reaction it has bern observed that between
10 ?nd 15 MeV it proceeds cxclusively vis  compound- nucleus mochanism. -
At about 16 MeV the onset of competiiion between CH and direct mechanism
ts noticed, after which the direct mechenism progressively increases

with increasing bombarding energy.
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7. 51 , L. *
Shape dependence of the "Li - V reacilicn c¢ross seciion

E. Kossionidesj K\H. Moebius, R. Boettger, P. Ege

I
D. Pressinger, E. Steffens, H. Gemmeke, I, Koenig

It has been shownl) that the ftotal reaction cross-section
betwen an aligned ?Li beam and 51v depends on the orientation of the de-

7 : . ‘ . .
L1 nuctei. In order to investigate the dependence in

formed incoming
greater detail, the angular distributions of 1ight charged particies
produced by the reaction were measured at E]ab“ 12 and 20 MeV,

Preliminary evaluations of the analysing power TEO(B} show that
it is assymetric around 90° for al? types of detected particles (p.d,t,a).
The trend from positive values at the forward angles fo negative values
at the back can be interpreted within a semictassical shape model (also
used for the interpretation of the elastic scatteringz) } and the assu-
mptiop of a direct reaction imechanism, 1t seems, therefore, that the ana-
lyzing paower is dominated by the direct componenis of the reaction.

The detailed analysis cf the results is still in progress.

References

1. K.-H. Moebius et al. "Shape effects in the ?Li - 51V reaction cross
section". Contribution to the Fifth International Symposium on Polari-
zation Phenomena in Nuclear Physics, Santa Fe, New Mexico, USA, 1980.

2. K.-H. Yoebius et al. Phys. Rev. Let. 46 (1381} 1064

* Work performed at the Max-Pianck ~Institut fuer Kernphysik, D-6900
Heidelberg

-
i

+ Alexander von Humbold f2i

o}

ow, on leave of absonce from HPCYDemakritog"
++ On leave of absence from Inst. of Nuci. Research , Warsaw, Poland.

b
Fachbereich Physik, Philipps, Universitaet, D-3550 Marburg

-
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I1. GAMMA RAY SPECTROSCOPY

. . .6 .
High spin states in )gGat

P.Bakoyeoraos, P. Assimakop0u1o§', and T. Paradsllis

64N1'+?L1' reaction at 18 MeV Li bombarding energy has

69

The
been used to populate Righ spin states in Ga via the 2n exit channel,

Gamma-gamna coincidence experiments have established the
decdy scheme of the nucleus. Angular cistribution ecxperiments along
with an extensive experimental set of attenuation coefficients obtai-
ned by different reactions have been used to obtain infermation ¢
spin and mixing ratios of transitions deexciting the above mentioned
Tevels.

Doppler shifi atteruation exporiments have been performad
and mean lives of some excited levels have been also deduced. In

Fig. 1 the resulting decay scheme of 699a s shown,
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Part of a PH.D., thesis of one of the authors {P.B).

+ University of Igannina
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Hean lives of excited stotes povulated in (p,Y) reacticns

on semithick targets

T. Paradellis

In (p,y) reactions on semithick targets many states in the
compound nucleus are excited which subseouently decay to the lawer
lying discrete states.

In the present work the reactions 56Fe{p,v) 5Fiios 62Ni(p,vj
63Cu 662n(p,v} 6?Ga_and GSZn(p,v) Ggua have been used to moosure the
attenuated Deppler shift of the y rays which rfeexcite the lower lying
states of these nuclei which have very wz11 known measured mean 1ives.,

The data have been taken with targcts of about %mgftmz thickness and
at a bombarding energy of 3 MeV.

In Fig.1 and 2 the experiwcnial F{1} versus T data point are
shoyn for several y-vays from the four above mosticned reactions. Also
the calculated theovcetical F{x) curves are drown for several assuiptions
of the delay time introduced by the cascading y ravs Trom the continuvum
(side feeding). From the overall picture i1 1s concluded that an assumption
of a side fTeeding of T = 20 = 5 s reproduced nicely the experimental
points for all vecactions.

The vesults of this investigalion shows thal the {p,y) re-
action on semithick targets may provide important informetion on mean
Tives of states which cannct be otherwise populated by other reactions.

The method has been applied for ithe case of 59Ga(see next
article).
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Excited states in GQGa

T. Paradellis, 6. Vourvopoulgs

4]
58Zn(p,v) 6“Ga reaction has been used to pepulate excited

The
states in GgGa. Targets of 4mg/cm2 thickness have been used for anqular
distribution measurements. The analysis of the angular distribution
data has been made on the basis of experimental alignment attenuation
factors as derived in a previous work(l). Several spin and parities
have been deduced for Tevels up to 2.6 MeV. For many transitions mixing
ratios have been determined. In Fig.1l the resulting decay scheme is
given,

From an analysis of the Doppler shift of y-rays deexciting
fower lying s @les in {p,y) reactions it has been concluded that re-
Tiable mean lives of states can be obtained upon an assumption of a side
feeding time of 20 fs from the continuum. (see Fig.2 previous paper)

! In Table I, results for the excited states of 696a are given.
These resuits have been derived from the measured F{t) values in the

68Zn(D,Y) reaction with a side feeding time of T = 20 + § fs,

{1) T. Paradellis, G. Vourvopoulos, Fizika 10 Supp.(1978) 29
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Structure and electromagnetic properities of 96Ru

A.C. Xenoulis, E. Adamides, C.T. Papadopouios+ and R, Vlastou+

An experimental study of levels and electromagnetic properties
of transitions in 96Ru is in progress via spectrometry of prompt vy
rays emitted in the reaction 96RU(D:P'V).

Lifetimes of excited states were determined via the Doppler-
shitt attenuation method from energy shifts of v rays as a function of
angle of observation.

Anaiysis of angulayr distributions yielded mixing ratios and
i
J° values,

+ National Technical University.of Athens
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Relative dating of bones from Thessgaly

Y. Maniatis+and A. Katsangs

Two human bones and one hyena bore fround 1in the same place
at the banks of the river Pinigs in Thessaly were relatively dated using
their nitrogen-carbon-hydrogen and flusrine and uranium content {Table I),
For the fluorine Lhe Tander Accelerator was used to bombard the sample with
protons and thus to estimate the fluorine content from the characteristic
gamma rays emitted from the reaction 19F(p,ay} 160 { ~). The uranium
and other trace elements were determined by Proton Induced X-ray Emission
( : )

The chronological order determined for the bones agreed very
nicely with the anthropological observation thus encouraging the use of
these techniques for this kind of dating.

TABLE I

Carbon, hydrogen, nitrogen and flucrine contain of bones from

Thesally.
Sample C H N F
(%) (%) (%) (%)
New goat 15.99 2,47 4,47 -
Skull 2 - 9.94 .34 2.73 0.44
Skull 1 6.69 0.88 1.29 0.45
Hyena 2.80 0.20 2.10

+So11d State Spectroscopy Lab., NRC Democritos
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Technological sxamination of asyia Trene fterrg. pcotta asarmnles

+
Y. Maniatis and &, Katsanos

Scanning Electron Microscopy and Infrared Spectroscopy were
tised for the examination of the Ayia Irene Terra Cotta samples in order
to obtain information about the firing conditions applied in thetr manu-
facture. The combination of these two techniques has been proved very
usefull in this case for technological studies, In additicn Proton
Induces X-ray Emission (PIXE} elemental analysis was applied for the
composition of the samples,

The examination of fresh-factured surfaces of ceramic samples
under the Scanning Electron Microscope (SEM) provides information on the
internal morphology of the c]ayé developed durina firing and thae degree
of vitrification. This information combined with known morphologies of
clays and pottery or by refiring pieces of samples in the laboratory and
reexamination with the SEM Tead to the determinaticn of the firing tempe-
ratures used in Antiquity. In addition the degree of vitrification {or
amount of glass) present in the microstructure of a fired clay body gives
information about its strength, hardness and porosity which are associated
with the use of the object and its staie of preservation,

Furthermore the information obtained with the Proton Induced
X-ray Emission analysis (PIXE) apart of helping toc distinauish botween
groups of composition, provides data on the tyoe of clay used, i.e. cal-
carcous or non-calcareous and low or high refractory. These properties which
affect the internal morphology developed during Tiring {Maniatis and Tite 1978)
are needed for a more accurate estimate of the Tiring temperature without
repeated refirings in the laboratory .

The Infrared spectra provide information on the presence ov
not of hydroxyl water in the clay mineral lattice {Grim 1968, Farmer 1979)
and can therefore verify whether dehydroxylation or not has been accomplished,
This if combired with the SEM results assists the assignment cof low firing

temperature ranges below the nnset of vitrificaticon,
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With the combination therefore of the above techniques firing
femperatures have been assigned as follows: (1) Sherds exhibiting ini-
tial vitrification: 750-800°C (2) sherds nonvitrified but completed
dehydroxylation: 650-750°C and finally (3} Sherds non-vitrified and
not completed dehydroxylation: below 650° C. Table 1 shows the concen-
trated results of the above techniques and the firing temperatures esti-
mated. The samples have been grouped on archaeological grounds according
to Mrs Caskeys classification. It is interesting to observe the consi-
stancy of firing temperatures within each group. Although in general the
firing temperatures are not very different to indicate different techno-
logies from group to group the similarity of firing temperatures within each
group emphasizes probably the slightly different prevailing firing con-
ditions and seem to verify in a very good dearee the archaeological classi~
fication. The slight differences also in Ni, Zn and Rb content between
the main groups (Table 2) s indicative of a different clay source but
certainly Tocal could further tentatively indicate the production of
these statues at different parts of the island and this would hence explain
the slightly different firing conditions.

However, the above assumptions should be treated very cautiously
becayse, firstly the compositional differences are not very reliable since
the samples are very coarse and inhomogeneous and secondly the big size
of these statues could present problems in keeping the firing temperature
or atmosphere constant all around them.

In general this work has also proved the usefuiness of the
combination of the SEM and infrared techniques for the Tow fired ceramics.

+ TS H H H LN
Soiid State Spectroscopy Lab., NRC Demokritos
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TABLE
PIXE analysis of Ay.Irene terra cofta samples
SAMELE K ca Ti .V Mn Fo Ni Zn Rb  Sr  Ir
e e {ppm)
Group-1 _ _ i )
TCS 2.6 6.5 G.33 0.018 0.06 7.0 89 58 S3 108 38
TC11 3.3 0.49 1.36 0.040 ©.06 7.6 118 122 . 56 41 93
TChd 2:6 0.4 ©0.40 0.022 0.38 9.0 103 foi 56 L7045
TC18 3.4 0.40 ©0.31 0.021 0.08 8.1 148 118 33 177
TC19 3.3 .0.36  0.29  06.017 0.08 7.9 143 84 49 32 54
Grouwp
3-4-3/5 -
TC4 3.7 - 0.47 0.32 0.026 ©0.13 7.5 &8 39 72 29 36
TC7 0.55 ©0.37 0.026 .0.,12 6.9 70 95 75 44 118
TCT2 2.6 1.1 0.30 0.019. 0.08 7.1 81 &1 54 56_'~
TS 7 3.4 ©0.41 0.29 0.021 .0.14 7.9 1p1 46 70 22 66
TC15 3.4 0.45 0.31 0.020 0.22 7.4 94 60 65 64 " 64
Grovess o :
TCh3 3.4 0.53 0.36 0.021 0.16 7.2 73 50 67 s6 74
Group-6 o
TCE 2.9 1.70 ©.33 .0.026 0.10 7.9 98 43 595 119 57
Groun;3d _
TC1 3.7 0.91 ©0.34 0.030 0.1 6.9 62 52 61 101 &5
TC3 3.4 0.60 0.37 0.024 0.11 7.1 60 42 79 65 75
TCH 3.2 0,40 0.30 @.022 ©.i1 8.5 7 27 71 37 55
TCH 3.2° 0.59 ©0.31 ©0.024 0.14 7.2 53 47 61 64 102
TC10 3.2 0.68 0.37 0.023 o0.1i0 6.8 64 82 70 70 118
TC16 7.4 ©0.51 0.44 0.023 0.14 7.4 87 41 66 60 65
Group:13
TCla 3.0 1.40 0.40 0.017 0.06 &.5 94 106 - 70 -

TC2a 3.3 1.53 0.35 - 0.21 1.7 2 151 57 59 b6
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Trace ¢ lements analysis of human hair and Tloed serum

4

+ ! -
A. Hadiiantoniou, A. Katsancs, and A. Venetsianos

The objectives ¢f this work is by utilizing the well esta-

. . - oo (1,
blished method of the PIXE analysis {external bearn technique)® :2) to
analyze various biological samples such as human haiv, nail, blcod

serum for trace elements, -

The biological sampies are collected from selected indivi-
duals in order {0 have a representative cross secticn of the greek
population, Samples are preferebly coilected from persons Tiving in

Ln
i

polluted envivonments. This will enable us to estabiish the average
{norms1) content and distribution of trace elemenis in the above men-
tioned biological samples and furthernore to estabiish any existing
correlation between health disorders and variations in the concen-
tration of the trace elements.

This work consitutes a part of the TAFEA coordinaled rescarch
program: under the title "Nuclear methods in health relateo nonitoring
of trace element pcliutants.

In the Tramework of this investigation a collaboraticn has
been established with the Mental Health Hospital of Athens for the
study of trace elements in hair and bleod serum samples of mentally

disturbed persons {schizofrenics). Hair and blood serum samples are colle-
cted from patients and the staff of the hospital whe live in the same

chvironment.
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A study of the hiological damage

23

of protens

energLes

.+ I =
A. Peris, E. Sideris , A. Katsznos , and Gr.

The aim of this work 1s to study the vesults when various biolo
gical systers are irradiated with protonz of varizus ensrgies and therefo
of various LET. (Linsev Eperoy Transfer). Proton beams with encrgics from

2 to 10 eV from the Tanden

s
[N

var de Grap

Pontifex+

are used for these cxperiments.

The beam hits 2 gold target, and the electically scaltered protons at sma
angies are passing threough o thin windew into the &ir to ivvadiate the pe
dishes containing the samplcs,

The patri-dishes thaf contain monolzyers of cells from Chinese
Hamster are placed opposite to the window of the scaiiering chambar and
perperndicular Lo the proton trajectories,

Dosimetry is done by calculating the dose on the cells on the
basis ¢f the protons known LET ac well os theiy current density whicn is
measurced during the experiment, Afier the ivradiztion of the cells, the
DNA of which has been labeled with racicactive tryridine, they are lysed
and susponded dn 2 sacrose gradient. Following centrifugation at 3800 rnom
for one hour after which the contents of the {lubes are collected as fra-
ctioens, The radicactivity of each fraclion is tnen mogsured and it s
plotted against fraction nunber The arithmetic mean of the resuliing
distribution depends on the dose received and on the quelity of the radia
tion. In the figure the weighted means of such distributions have been
plotted against dose and for 2.5 WMeV proicns as well as for y-rays irom
a coblat~ €0 source. Since the weighted meeans reflect  the dogroe of
breaking of ithe DHA strands by the radiation, it can be seen {veuw Lhe

51opes'0f the respective lines in the

[

+Rad. Physics Dpt. Areteion Hospitatl,

+4.. ., .. - -
Bioloay Diwvision, HRC Democritos

i

nore destructive in their capscity ot br

Athens

fiaure that protons appecar to be

eating  ONE than y-rays.

University
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Bulk analysis with heavy <on beameg, calibration

. + + ' ++
G. Biondiaux, J.0. Debrun , G, Costa , A. Katsanos, G. VYourvopoulos

Heavy ions  are of dnterest for the protiling of Tiaobt ele-
ments, bui aiso for the determination of the bulk cencentration af a
number of impurities. In this last cese, cne cithor lakes advaniaue
of the coulomb barrier to defermine  lioht eloments @i fTrace Tovel in
heavy matrixes (1) or uses coulomb axcitation to delernine various
medium weight and heavy elements in Tavourable matricos, by bpromni y-
ray spectrometry(?).

The accuracy of the results depends on the mathod of cali-

braticn, on the krnowlodaes of {he cross-seotions

L_‘|
Pt
[
o
£
:—l-
[«

)

powers. For bull analysis, the method of calibration kaown as ihe
"aveyage stopping power method '(ASP) is inhsreutly accurate (3} also,
it is insensitive to inaccuracies {(even lerge) concernin
section, which need only be known in a velative manner.
Possible sources of errvor in the ASP are ihe stopping power
data, which , again, need only be known in a relative manner.
It s shown in this paper that instead of usine hoavy ion

stopbing power dota (experimental or sendenmnicical) it is possible Lo

vse hydrogen{d) ar helium{5} data, with an accuracy of 1.2%.
hat¥l
p I
This was verified cxperinentally for 120 a1 dons and for

ssult is evidence
7 g v, 7,0 (6)
cast relatively. {S = stapping power

-

Ti and Tire, TiCu TiKi alloys, at ~ 1 MeV/amu, This r
v,

that in the present case the approximation S =

e

is valid with good accuracy,

—5
——d

o

V.7, speed and atomic numbey of the indident fon -~ which permiic the us

| LRI IR SR i P L B P RN

of H or Ha data of good accuracy instead of having to resort to heavy
C 5 g 3

ions stopping powers which might be jess accurate.
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Th

tative values) ave needed for the calculation of the averaqe energy

g5

cruss-secticon curves or the thick target yields (re-

in the ASP metnad ; it is shown in this paper in fwo cases (T3 and AgY,

that when using coulomb exciﬁat§OH)caTcu1 ress-section curves

U S R R e . ..
are perfectly adecuate, Consoouenily whe

analysis with hoovy fons and u i oexciteation, one does nol necd

o
-
i

[fan]
5]
[
i

to know the stepping power of these ions {one usesi! or He data) and

does not need to deterimine the cro

is gouod enough },

(%83
¥

- section cuive (caiculated curve

References,

1) J.R. MeBinley, 6.0, Stock, LA, Sthweidkert, J.B. Cross, B, 7eisio

£

L. Zikovsky, J. of radiocanal. Cham,, £3(1878) 53¢,
B. [orderie, J.1, Bavrandon B, Delaunsy,M. Basutcu. H1M, 1G3
: (1979) 447,

3) K, lszhii, M. Vailadon, J.L. Dehrun Hir, 150 (1578) 213,

4) M. Ui, Anderscn, J.T. Ziegler, Hostopping puwers and ranges in

[
—

s L TV kg ' :
srents, Pevoaron, 1477,

T
—

J.F. Ziegler, Ho stopping powers and ~anges in ail elements,

Pergamon, 1977.

6} J.F. Ziegier, Apni. Phys, Lett., 31, n® @ (1971 544,

-

e

WRL, Service du Cyclotyon-34 rue de 'z Ferclleric - 45045 Drleans

- ;
OEA (France)
LFyance )

1 - e : ! 4

P e . -1 . . - [

TR, CE‘[F}'\,J' G r{:Ch‘\:li_lll_.: NS CeTirls S‘ELQ!'\JIHVJ 0 7aniCE



PDF created on April 4, 2012, by S. V. Harissopulos

27

Stopping pover cifecte ‘n Lle LYy a rée
sonpiee reaction
A.C. Xenoulis, (.F, Douka+, T. Pavacellis and A. Yatsanos
oy " : 14 . 14

The appiicability of the “"H{p.p'v) "1 nuclear veaction 4n
the determination of the abiolule aburdsnee of ]ﬁmg with 2% uncertainty
was demenstratoed ol 7, The Tact that aimost all
¢t the thick-Llairg Y- ot & rnaenance al Erne 4.0 Mo
allowed us to consider vooe corvections only ot
the ehzrgy of thal yveseonarce., &1t acvively, the mothod wes used ¢

[ S — b - ey - . g - : " " . . . ' .
obtain wne stopping power of 4.0 MeV protons in compiex biologica

i

+
Department of Soils and Plont Nutrition, MRC Demokritos
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Microanalusis of 51 via the SL (p,p'¥Y) reaction

A.C. Fenoulis and A. Aravantinos

In a thin-target excitation function study of lhe reacticn
ZBSi(p,p'v) between 2.7 and 3,7 MeV, an isolated resonance was identi-
fied at 3.1 MeV bowmbarding energy. A similar cxcitation function was
obtained with a thick target also, since it 15 expected that a realistic
sample will be a thick one,

These data indicate that an appropriate bombarding energy for

Si microanalysisis at 3.3 MeV, with which one is ensured that almost

all of the y-ray yield will result frow the 3.1 MeV isolated resonance.
A complication with the proposed veaction evises from the
27

observation that in case the sample wiil contain Al, the reection “"Alp,v)
2851 will interfer with the previous reaction. In order io Le able to
account for this interference, an excitation function of the y-vray yieltd
asscciated with the reaction Z?A] {p,vy) was measured using a thick Al
target. This excitation function was found to vary smoothly and increase
very slowly wilth hombarding energy, These data demonstrated that the Al
interference can be accounted for by measuring the 2?A1 {p,y) reaction
below the 3.1 MeV resonance and subtracling 1ts contribution exirapoiaied

at the actual bombarding energy used in the 57 analysis.
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Bromine cbsorpiion froem air by plant leaves

T. Paradellis and N. Pam:lyotakffi:.:+

Trace elements present in the leaves of *Fopulus"grown in the
city of Athens (group I) have been determined by %RT and compared with
the corresponding concentration of elenents in leaves of trees grovin in
the suburbs of Athens where the traffic conditon is lower {group I1I}
and with similar trecs grown far from the city {groun I11). The results
of the work show 2 manyfold increase in tie bromine content of the Jeaves
in trees grown in the city. The increased presence of this element is attri-
buted entirely to the increase of the bromine content in the air of the
city due to the car exhaust, from which the ieaves take this element.

In table 1 the measured average concentration of the trace ele-
ment are given for the three groups of samples, while in fig.l the ratio
of conderitrations in groups I and II to with respect to aroup I are
shown,

Table I
Average coneentration of trace elementsin leaves of Fopalus
(in pgfe dry weijghi)* L %
— S g —_ , o sl
Element ' Group | i Grovsy 11 Group Iil R /,
R -.._“_.i_____. Jp— __..:,__.._..__ e E,. [ -
K ;2100025000 | 1600054500 | 19 00 . E 5[ reavaliow vors .
Coo 11700003000 | 20000. 2506 © 12000- 00 & 0o - g
Mao D 130+ 20 0 130, 3 | 0. 0§ b ) vesumiowietic
; ; 120+ 40 _
Feo b 150+ 200 T qoas 35 0 11g. ap _ z
L T D TP TR i }
Zoo 1 300: 40 130. sp 90+ 26 <
Pb 1 36. gp ! 20: 10 6: 6 - 7
Br i 640 15D WG 0 s 4§ < : 1
St e3r 10| ss. g ; s g - : |
*t1 standard deviation of {ha mean, = %%ECIL

e

+ s ,
Syngrou Hospital, Athens.
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. . g e e o et 1 T oo
fouting analyais cf bivioricel moteriale by XRF

T. Paradellis and G. Gregorizdes

Methods have becn ceveloped cuying the past two years for the

rapid and accurale trace clewent analysis of biological materials.

For human sera rcucincly Bme of serun arc dopped with I of
B -
an Y salt of 28 ug/

a
R ¢ I . . .
guently burnt et about A60-5007°C. The rosulting ash {about 40 me ) 18

concentration, The woluiion s dried and conse-

pressed to a peliet. To dotovaine the solf absoroiion effects of the

e

orption coeffi-

o

samples, experimanial curves ave used which velate the abse

cient of the saanle with 1he weiaht of the resu

T4ine

L

£
|

This sinple coniection Lh

[

o

cheorption coefficicon. with the weight of

T the rather constant conposition of the

o
L]

the sampic is a consaguence

W)

wman serum in major elements (C,0,08, Ma).

. For other biolouical fluids {Lile, gasiric juice, eic) this
relation does not hold since these fiuids can have difforent degrees of
ditution and so a sepuaratc measurcnent of the absc crotion coefficients of
the sample for each case is recuired,

The same arcuments hald for human tissves, burnt with the same
procedure. Here the major factor for fluctuations of the absorption coeffi-
cient arises from the dificrent amount of connective tissue present
in the sample. We have found that for the X2F method, the most suitable
form of handling the data is the burning of the material as describoed
above. The only major disadvantace of the mentod is theloss due to votali-
zatien ¢f the elements As and Se. To | ner measured elements we  have

n - | 1 " LI .
Tound that any Tostes occurring ar

nod i medical

The first spectrum in Fig.l chows the trace elements ohserved

in a sample of normal Tiver fissue ohtained from a raticnt suffering from

qcer of ¢ oreciis with an orirnsive relacialie cancov ip tho

Primary Ca i

Tivar
ver,
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From the biopsies performed it was known that the secondary Tiver

o]

cancer was of the metastatic type oviginating from the rectun, The
microscopic picture showed intestinal cells with extensive presence of

calcite crystals in the samples of the
5

T - Y ey e |
Im Fig. I on the right side 2
£ - = o PO [ e PR N P S o~ Py
LILTES o7 Ce vayrings Tyods Caienisn ave

1
Fe) are consistont with known valuns of The

LY

The presence of NG, and

R S Y e N Can - .- £ T4 uar
These two trace clements ave essenticl for the function of lhe Viver,

L]

The second and third spectra dn Fig, T oave Trom the motaciatlt

Tiver cancer and from the yvectur cencer tissues, lmpcaiaiely one sces
thet the etorsnis Mo oand M caracteristic of the tivoy coil ave eboent

from the two lower cells, In addition the concendraticn o the 5
in Lhe two o lower spectra in Fic., 1 ave to ©othal Ly Y
distinguishabie, 1T s also interestine inst P auan U

Galoma chserved in the liver metastatic cancor is in agrecini with the

results of the biopsy.

+ 5 - 3 - H v v L] e [ LT I
1sf Surgical Clinic, Athens University, tedical School
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Chunges of serum hreomine irn patiernts undergoing surcery*
. - r + - L
5. Gregoriades and 7, Paradellis

In this study XRF meinods have been applied to determine se-

rum Br pre and post onevaticnaly in petients undergoing surgery under

b

total anaesthesia . As reference witnesses, patients undergoing simpie

herniorraphy under lTocal anaesthesia have heen used,

has beern Tound that pabients uvadorusing anfestnesia with

drugs very rich in Br {Fluolhane) show post chevative Br Tovets 10 times
larger than the preoperative levels.

It has been also noticed that these palients show intense s

el
.nr_]
..,“!

of Bromismus (Bromine poiscning) manifasting with changs of physicel

and wmental hehavior, Until now this kind of posi operative behavior wos

attributed to the pastoperational stress.

; re |
[ [Ty B (I S, ‘
. t""‘-a_..\}_-___ .
T N el
Te=1wd § 1o =85 d
i
ant I
W %
3 o] " ] _
s — "o “J l (H]
1
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Some examples of tha vaviation of Br levels in sera of patiernts who underwent

surQﬂrv with total anccsthestia with drioes very vich in Br,

Fa - .
LY = - {mwe | g ma e N - [, m . - =
Fart o7 & wider clinical research conductod with Profl. A, Romanas, and

Ist Surgical Clinic, Athens University Medical School,
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o e o a3 e . s
Changes in composition of dewital gilovs after repeated

L e v
GEELLTN
e rrm—————f .

: : -+ 1
N, Katoussias " and 7. Pavade

Au-FL alloys used for dental purposes have been anzlyzod
by XRF to determine elemental composition, Yhe sawme samples hove alsc
beenn analyzed after repeated castvings. Frowm {he data obtained 11 was
concluded that the greatest loss of elcwments Curing the repected ca-
stings sccured Tor Cooper and Zind, The Chingés 3 CONCe;
the elerments has boen correlated with the charcas in other maesured
mechanical properiies of the alloy (Tenzile strenoih, elongation,

yield strength and hardness),

+ . . . .
Part of a Ph.D.thesis, Dental Schocl, Unjversity of Athens

+ -

Fln 4 armyae 5 4 0r o d° - P
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froce elemente in Ffluide and drugs_used <in total varentercl

T

.+ -
N. Legakis , 1. Paradellis

Trace etements have been determined in various fluids and drugs
used in total parenteral Nulrition {(Amincacids, Vitamins, Insulin, cle-
ctrolyte solutions etc).

The major finding of this work was thal the concentration
in Cu and 7Zn (hoth essential elements for man) s toc Tow in these
flutds and not sufficient to meet the averace daily regquivenents of wan.

In clinical practice no effect has bean observed in patients
from this Tow presence of Cu and Zn and the reascn was attributed to
the fact that in all cases & relatively small time of parentel nutrition
has been applied {2 weeks) Tollowed by blood transTusion. In addition
the irevitabic use of dnsulin to regulate the glucose metalbolism of
palicnts proved to be a major source of n input due to the re latively
large quantities existing in insulin esuisions. Feor exampie it has {been
Tourd that insulin regular has about 19 Ha/ing Zrnownile Insalin Zinc
suspension about 110 pg/ms .

* - 338 - 1. b Aol [} . - L o - - k]
Part of a Ph.D. thesis, Athens University Medical School
~ 4 .

Y1 Surgical Clindc o Abthens University,iedical School.
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catgluste for the oridation of S0

A

settled on marbie monumernis

D. Skiotis , T. Paradellis, V. Katselis

XRF h

sphere, dust and soil samples obtained a

s heen used to determine trace elomonts in the atmo-

o]

ct

e greck archeological sites
namely the Acropolis of Athens and the avihenlegical site of Elefsis,

Three of the metals which can catalyze the oxidaticon of SO, to S0, re-

2 3
sulting in the sulfation ot the marbie surface (Fe.dn,Ph) have been
quantitatively determined in this work.

In ¢ne of the dust samples eclivained form the surface of marble
picces in Elefsis the Fe content was found to be 37, Unio treatwment of
lam of the dust with 1000: of distilled watar & solulion was ohtained
with a molarity with respect to the irom of 5.7 » 107°M, This nusber is
six tine higher than the concentration found to catalyse the oxidation
of sultur dioxide in the atmospherc,

In view of the prosent observetions if is5 advisabis to mintinize
in pratice the quantity of dust deposiied on marble monuments in order {0

reduce their deterioration due to sulfation.

£
0

On leave of absence from the Royal Melbourne Institute of Technology.
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Ve P a7 ~ -2 Lo, Ao agn Ao L e o s a
SQETC wUmeers as o Yesuit oi fymmelry limitations of many-

7 L ¥
Rior momes ."i__"L;Cf

Lucleon ono

Py

G.S. Anagnostatos

Whereas the cmpirical evidence for spin-orbit coupling is

certainly streng, it is not certain thal it is brought about by a term
f{r) L s for the individua) nucleons™/, and morcove v, 1t 15 noft certain
that its magnitude is of the right order to exploin Lhe chserved ievel
¢ H
- gl o .
split at N er 7 = 50,82, and 126 ). e have found in an unamnbiqucus way

that the symnetry Timitations of the orbital ancular momenta of many nu-

cleens are the cause of this siagnificant encvgy split, while the spin-
orbit coupling simply coexists: This effect would persist even if the spin-
orbit coupling was rot present, Specifically, while up to £=3 for sach &
the symmetries of a specific high symmetry equiiib iumB} polyhedron are
sufficient to describe &11 2¢+1 “indepencdent axes of orbital anocuiay mo-
mentun E} for &£ = 4,5, and 6 two such polyhedre ave needed. One is needed
for the £ + 1 axes and another of Jower syitmelry Tor the £ axes.
axes may Tacilitaie 2(2%1 + 1} and 2(7) nucleons 231 with spin paralie? and
spin antiparaliel, respeciively. This effect constitute
[ o

the observed lerge

’D
-l
| gs]
o
——d
%]
e
-
o+
ui}
—+
—
o
]
:J
e
hi g
s
i)
4]
£
]
=4

These findings become even wore imporiant in tie framework of
the isomorphic mode14}, where the magic numbers correspond to nucleon nuinbers
equal to cumulative numbers of vertices (standing for nucicon averace posi-
tions) of successive concentric equi1ibr.um“) polyhedra shells with the

correct quancum states,

LaeTneS

* Work supported in part by the Public Benefit Foundation Alexander 3. Onassis

1)M,G. Mayer and JH.D. Jensen: Elemen

ary Theory of Huclear Sheil Structure

Led L London,
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Phys. Rev., 51, 248, 778 (1937), 52, 546 (1937}, A.M. Feingold, Ph.D,

Thesis, Princeton Univorsity, 1952, F.P. Wigner, address at confe-

rence in Ric de Janeiro, 14957,

d. Leech: #Math. Gaz., 41

G.S. Anagrostatos : Can. J. Fhys., &1, 99801973} Atomkernensroie,
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29, 207 (1977}, Llett. Nucvo Cimento, 22, 507 {1978). 28, 573 (1980)-
i —- R :
29, 188 (1880} and G6.S. Anagnestatos, S. Touliatos, A, Kyritcis and

J. Yapitzakis : Atomkernenergic, 35, 60 {1980}
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Nucleon distrili For High-

areray heavy. Lor

|

G.S. Anagnostates and C.H. Panos

Nucleon distributicrs and & two-nucleon efiective potential

arec presented and are suitable for hich-cnevroy heavy-ion collisions,
1 L) iy A s - : ? : : .
e.g. through the classical ecuotion of motion approach™ . Our distri-

. - R S
butions are made of concentrically arranmed ecuilibriun™ poltyhedra

—t

sheils in ciose packing ana are consistent with nany nuclear properties,
4 ., 4 \ L 4-6 .
nuclear density , nuciear radii , electric
[ 7
quadrupole moments” Y, angular mementa’, Coulomb

e.qg. magic numbors

s
[Se]

and bind: !“.98 enerqies,
Using these initial disiribuiions, we nave deyived the tws-nucieorn potens
tial wihich reproduces very well, for the Tirsi Lime, boin the nuciear
binding encrgies (for the correct ruclear sizes) and the first two
moments of the differential nuciesn-nucleon scatiering cross-section at
high energies (i.e., the Jongitudingl momentun Toss cross-sechion and
the transverse momentum transfer cross-section). Specifically, our po-

tential has the form of a twun-tera Yukawa notential, 1.m,

T e
MRy LJAru
4 \E e
v‘ij = \fn LF3Y T .
A%
T r..
13 i3

where VR’ VA, M- and W, are the fouwr pearamelers of the polontial anc
i i

rij 1s the relative distance belween any Two nucisons 1 oand J. Tnese

parammeters can bhe expressgd interss of the o

4
i

cwing four independent

and move physical parameters: Pes the soft core vadius of the nuclear

potential ; m o> L acius where Lhe minimum of the polential occurs
virlues found

e A
v

Y
FOTRT no

Lo

(in MeY) are found.
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4 y - (r\n -y ]E‘ 5 \' R y - -
He: 7.1 {28.3}, "70: 118.1 {127.8}, ""Ca: 358.0 {(342.1}

Their cond

agrecments with the oxperimzntal valucs {given inside parentheses)

are apparent. Second to NW high energy scattering end the

&‘.
values for the 11 soments, ol (D) and o2 ir

Fadl
[

-

ot Two
- LR L

“l

 om

Lhe differential scaitering cross«section ave fownd: U

10.86/10.61, 6.26/06.21 4.65/3.53 4. 17/3.28 and  2.02/2.34

respectively to the projectile labaratory cnergies b, = 50,
200, 300, and 500 MeV, which values fur both moments and for the

range of energies El’ for the {irst time, are almost within the

. , : . 9,10
rimental errors of n-p and p-p . ewpirical dats” 7

* Work supported 1in part by

the Public Bepevit Foundation
S, Onassis

14

Aexan

see Fig, 2)

Fhvsics Department, University of loarmnina, Icannina, Greece
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g s L o a T iy s s e S S
Rotatlional invariagnee of orbilal ancular momentum cusgnitina-

o CIL L z
tion of directicn Tor degonaernte cfates

, 1w s .+ vooa. st
G.S. Anagnastatos, J, Yapitzakis, end A, Fyriisis

The conservation of angular momentum is & consequence of
central forces in both clessical and quantum phvsics. In addition in

quantum wechanics, we have the quantivation of diveclion of anguiar

momey:tum coming as & vesult of guantization of b

~ oo o

itself and 1ts projociion on the z-oxis. This quartization of direction

for the nnhe-body probiem Teaves the angles o unsneoificd, white 1t spe-

cifies the azimuthal angle 6  according to the forinula

o =~ cos™! (mA HEEF T ) (1)

I the case of the many-body pvoblem, however, it seems that Loth angles
B and ¢ are specified, as a result of the restrictions imposed on cach

particle Trvom its neichbor particles.

-

In a previous publicetinn (7)) we bave noticed that (econceraing
£ values Trom 1-4 and partially 5) the spacification of bolh O and ¢ in
o omInman '}"I oA + 9

Lization of d

the orbital-angu

interacting pairtic

and guasi-veguiar po

-l
e
=
D
(=l
-
[
o3
—
[ap) - —_
rn
—3
]
L
]
=
[
3
o
0
i
—
oy
@
4]
<
(%]
)
[
—
B

ey e R ¢ B . . o - e
subject of finding such paire of

i oanalae Tooe 270
Toandttes Lo t

1 to 6, and movreover we have deteriined the symwelry properiies

relevant orbital snguiar momentum vectors I,

L

In fig. 1 the guantization of divection Tov e 1.4 and all
associated m values (m- -2,...., + 7 is shoen in retation to cu
octahedral syrmotry.,

for each Dlock in {ig

L o RN N | P Vs s S B B -
DOT}-’.‘iG{,‘-}a Ov w50 CUDC-000ontaya ovous. Thi choics ol ths snectTic LG
T e [ o I . S I - R Lo A . L 7
1)}!#_‘uaun SPU b e CAase WAL ol iy pOrer et Lo Ui Lady 3l

N T T 2y
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Possible other vectors in fig.1 with equal 8? are obyious,
For all parts in fig.1 {{a} - {r}), the z-axis has the same
direction. Actually, it is aligned to the direction from the center to

the middle of an edge of the octahedron (fig.1{a)) with respect to which
a1l other polyhedra are oriented, Tbe ¢ vectors, forming the appropriate
s

€ angles in any order of accuracy (“i pass through characteri

oints of the polyhedra employed in fig.1 which ave marked with @ solid
P POy
circle throughout the figure, Specifically, these points for £=1 are

the vertices of an octabedron for both sets of m values (fia.l(a

for & = 2 the vertices and the shown  golden section Doin
(Tig.1{d} ard {c), respectively) 3 for @ = 3 the middlss of cdges of a

cuboctahedron for both sets of m (fig.1(g)-{h}) 1 for 2 = 4 the vertices
foan octahedron {fi0.1(Jd) and the vertices of a cuboctahedren (TiG.1{k)),
for 225 the middle points of the shown Vine seqments of an octahedron
(fig. 1{m) )} and of a cuboetahodron (fig.1(n)), and for £ = G £he third

07 the shown line segments of a cube (fig.1(p) ) and the migdlec poinis
ot the shown line segments of a cuboctanedron (fig.2(a))

~

The main feature of the ¢ vectors of any of the two sels of m

F

values (that is, the vectors of either row 1 or row 2) for each ¢ is tha
they transform into each cther, and only to them, through symmetry operations
cT the cubic-octahedral oroup. But wnile this s true for each of the two
sete separately, excepl for 2 = 1 end 3, the onz set is not  transforred
into the other set by any symmetry operation of this group ( They use
different charecteristic points). The diffevence hetween the case o - 2 and
the cases £ = 4-6 s that all Z vectors of only the former {fig. 1{f))}

traasforn into each other through some of the operations of the (I} group.

= I

{That is, not all operations of the (1) group Tead to permissible dire-
ctions of 2 ). Thus finally, for £ - 4-6 only thore are not symmoetry opo-

rations transforming the one set of I vectors into the other, That is, for

these £ values we do not have one but two d cgenerate QAFQI,
It is of great dintersst to notice thai the npumber of & VeLtors
el
2 1o 1 1 and 2, ?E:;GCi vely,

T T U Y PO S iy M I
Ll o Fur UG L Araod i il Qe LT [ = .) [
oi degenervaty in GANGD with 241 and 5 GAMOD dugensraie members), since
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in enargy

radial wave Tunction fTor
d, e,q., according to the

isomorphic model (7)), wheve the velevant 41 and & vectors covrespona to
two different size polyhedral sheils, In such a case the known soin-ovrbit
coupting offect iz usicvoly added dnlo the provicus ind of

repovied here o tie

-
i

In vows 3 and 4 o

{vi-{x)), a5 shown prosent tho rolative ¢
emploved in order to heln The readov vicuali
the sy Fothe e weis of veotors
in row 4 oof Lhe T

1“:-'!-

Ciy

Tans 07

Tn

1

paprcesentat

conclue

U . .
cuehional dnvay

with 611 and & membovs {or i=4-5, The Tatier

a furthor study Tor & ve-

[ \cl.,lnt
explgnation of magic

in generad

existence of a

£ .r.-.flsa\, .

Cnaingsy ; !

cture of motier,

Work supparted in part by the Public Bencfitl
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Inttial valuee of parametere for veriable-moment of “nertia

models

7 ' [ 4-
G.S. Anagnostatos, K. Demakos, and A. Vassiliou

The study of rotational or quasiroiational spectra in even-
even nuclei is of great importence in fluclear Physics. In the framowork
of a phenomenoiogical treatment of these specira, the study is limited
to a functional fitting of the energies ot the sbecirum so that the

energy eguation

E, = V. + T (1)

(2)

antum T,
It has been found {1} that the mewent of inertia (&) is the moot appro-

are satisfied for ecach state of the spectrum with anguiar mon

1 4] T

dependent veriable {Variable-Fouont-of-Ineviia (VM) models)

=
=
—
v
~
-
2

in the expressions for the pat&ntia1 energy part (V.) and for the kinetic

Usually, the kinetic enerqy has tne same Torm for il versions

b . wl - ; -
w2l (where ®BT 1s taken equal to 1), {3}

whereas the potential energy varies frow vercion

v

includes  one or move ferins frem the e

Ty
,.,|

m

- P S, i T - A 1A
ion of the potential round the

s

ground state value {60) of the independent variable JI. Thus, in The most
gencral case it has the form

Vo= C +0.{d -2 )+¢C, {2, -3+ {(m
I o L 0 Z i 9
‘J'p.‘p Ly m T e R I e T, A oam 4 - 4 W = A e e
PLd oy ol Leg |52 k.\JII'J'I._. i"_;{ .I.J\Ji“' vl Mo 5 Lo alabr TR0 % i 1) ! HERREA T N
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of the parameters C; and &c using eqs, {1} and (2) in such a way that

the model predictions reproduce the experimental energies with the

teast squared error, As known, such a fit (involving a nonlinear system
of equaticns) is very sensitive to the ipitial values of these parameters,
The purposc of the present paper is to provide such initial values.

{2} for the moment

L

We siart with the approximate expression

o7 inertia

g (inftial) < Aloz ) {

S

(where EI stand for the experimental energy of the spectrum with angular

(g
"

momentun I) and we estimate, using eqs. (1) and (3), approximate velues

for the potential energy (vl} for cach value of the angular mementun (1)

i.e.,

GEE g - L (6)

Thus, for each T value of the spectrum, we have a pair of approximate

VI and dI in the VI, d, plane, Then, for a1t @ we apply first a “east-
i

sguare techinique to determine a complete polynemial of the form

o {7}

(to fit all VI, dy pairs) and thoen e pelynomial of the form

Co
e

wheve d is the value of 3, for T » 0 fromeq, (%)

——
=
E—

VI = GO R G1:1 ta,J; foo.... = O,

and JI— do implies a translation (of &O units) of ¢ arxis.

The vatue of £ is expected to be equal to zero, but it usually dakes a

small non-zero value

o Lhe version ol

tofah -]
ol Wy WS S0 wC

ATY and 2 faneta1d

oy Flu u-[-\ [FOR O I
[ St Tt Ll

'} Lot ) Ll el LI

X v vy ol e W 1 - i - b | s . v

oLy (R L Tirs (I iy g ! N i JEEA DX A r - P .
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which with egs. {1}, (2), and (3) lead t0 new irial values EI{mode1)

and dI(model},This procedure continues until we have no meaningful

changes in EI(mode1) Trom one cycle to the next.

Given that AD and ﬂl always have
in the fitting, as initial values of 623 CB‘ and
squares it in the different versions of the V4
vatues of the corresponding coefficients of the
of eq. (8), e.q., for the VMIZ34 version,

T+ 1 [ PR r ]
C,(initial) = RZ’ C3\1ﬂilei; = fig, and

2
The procedure previously descrihed for deftermining initid

vatues of parameters has heen successfuily applice

served,

Computer Div., HIC Democritos

y
H

)

{1 M.ACJ. Meriscotti, G. Scharff-Goidhaber, anc

(1969