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Introduction

T — S S S —

Having passed the final acceptance tests in Dec 1974,
the year of 1975 wase the first year with the accele-
rator in full operation. The N.R.C. DEMOKRITOS
accelerator i8 a T 11/25 Tandem Van de Graaff
aceelerator manufactured by High Voltage Engeneering
Corporation. It has a maximum voltage of 5.5 MV and
proton currents up to 100 yA.

During the first year, research was concentrated
in the areas of heavy ion reactions, inelastic scattering, y-ray
spectroscopy, charged particle induced X-rays and theoretical
nuclear physics. Much work had to be done in trying out new
experimental apparatus and learning to optimize the operation
of the accelerator.

In-beam and off-~beam gamma ray spectroscopy has
been productive in its investigation of nuclear properties in
Cu, Ga and Sm isotopes. The heavy ion work on oa-transfer around
the Coulomb barrier, mass measurements via the (160,29) reaction

14N have shown very promising results.

and spin flip reactions with
The development of an external proton beam for particle induced
X-ray excitation has been useful in analyzing samples that cannot
be introduced into vacuum. The X-ray fluorescence method on the
other hand produced some standard ways for a quick and reliable

element microanalysis of several types of samples.

On the theoretical side, calculations have been
365, 95Tc and 94Mo, COf particular interest are the
results of a "realistic" shell model calculation on 95Tc which

explain satisfactorily the nuclear properties of about 40 levels.

performed on
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The WI model was extended to include in the ro-
tational band a 07 and a second 2% excited levels in some nuclei.
The same model was applied in explaining the back-bending pheno-
menon. Work was also continued on the isomorphic model in the
s-d shell.

Cur graduate student population has had a many-
fold increase. Collaboration with the University of Athens and
University of Ioannina has been very fruitful as in the past.

. We have had a number of visitors from abroad that contributed

appreciably in our scientific effort.

It has indeed been very gratifying to see that
our technical personnel was fully trained to handle the problems
connected with the accelerator and the on-line computer.

In many instances their unselfish efforts contrikuted in the
smooth operation of the laboratory.

G. Vourvopoulos
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I. EEAVY ION REACTIONS
1. Mass Measurements of Neutron-Rich Light Isotopes,
A, D. Panagiotou*, E. ¥Kossionides, G. Vocurvopoulos,
P. Kakanis, E. Gazis j  -'N. Xiromeritis. and D.K. Scott¥**.

The purpose of this programme is to r.sasure the mass of
new neutron-rich isotopes, employing a rather novel method.
' The measurement of the masses of nuclei far from the valley
of stability is very important because it provides a sensitive
test of various empirical mass formulae, which fit the measured
masses near the bottom of the valley of stakility but may
diverge further away. Furthermore, it is important to improve
the accuracy of the known masses, which have been measured
with the aid of other methods. The heavy ion reactions,
procceeding via the formation of a compound nucleus, are a
very useful tool for producing neutron-rich isotopes. In this
manner we plan to carry out rass meacwmentc of Lew isoto]es, suc.
as 29Mg, 3451 by employing reactions such as gx(180,2p)2126Y
and directly detecting the two protons emitted from the com-
pound nucleous in the formation of the new isotopes.
Experimentally, for the detection of the emitted light particles
we employ a triple AR,E,A/C-telescope, comprised of surface
barrier detectors and use the method of particle identification.
We detect both emitted protons in a single teléscope, using
the empirical property that the 2p's, depending on their rela-
“SH“ in the mass spectrum.
The mass and corresponding energy spectra are stored and analysed
by the on-line PDP-15 computer of the Tandem Accelerator Labora-
tory. By setting windows on particle grougs in the F.I.spectrum
the information of each particle group is routed to diferent
energy spectra. From the measured energy of the two protons
leading to the ground state of the new isotope and the other
known quantities, such as the mass and energy of the projectile
and the masses of target and the two protons we extract informa-

4
tive energies are identified as "“H" to

tion concerning the &bbve mentioned isotope mass.
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To test and develop the method the reaction 2851(160,2;:)42

was carried out and the mass and energy spectra of p, d, t and
“4H“ were obtained. The measurements were taken at 0° because
here the kinematic broadening is very small for large A% and so
we can use a rather large solid angle. A Au foil is placed after

16O beam, Relatively fast timing is used

the target to stop the
and time-resolution of about 4nsec (F.W.H.M.) has been obtained.
An efford to reduce this to less than 1insec is under way.

2855 (160, 2p) *2ca.

The energy resolution in the energy spectrum is 800 keV, due

Figs 1 and 2 show a typical mass spectrum of

to the very large acceptance angle (¥#3.8°) at 30°. It is possible
to make better énergy resolution by reducing the acceptance angle.
Currently we are obtaining an angular distribution of the reaction
28Si(160,2p)42(2a to determine the shape of the distribution.
Actual mass measurements will follow,

*Present address: Nuclear Physics Lab., Univ. of Athens, Greece
%%Present address: Lawrence Berkeley Lab., Univ. Of California,USA.

2. Heavy Ion Transfer Reactions - a=-particle Transfer.

N. Xiromeritis, A.D. Panagiotou®, E. Kossionides, .
G. Vourvopoulos, E. Gazis and P. kakanis

The purpose of this experiment is the examination of "a-particle
spectroscopic factors" for 4n nuclei, such as 12C, 24Mg, 2881 and
the variation of the spectroscopic factor as a function of the
incident-particle energy. The reactions employed are (16 C)
20Ne). The 16O ions are accelerated by the Tandem Van

and (16
de Graaf Accelerator to a maximum energy of 40 MeV. The detector
telescope consists of a AE=9%9um, an E=50um and a thick anti-coin-

cidence detector.
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For the identification of the heavy particles, anfﬁmpifical
method is employed hased on the following observation: the enerqgy
deposited in the AL detector is almost the same for all the
available energies of the heavy particles in our reactions, while
the energy deposited in the F-detector varies very strongly with
the- particle's energy. Ry dividing the E pulse by a number and
adding this to the AE pulse, an almost constant number X for cach
element is derived inderendent of the particles energy, i.e.

E_-

KB s e LS where j corresponds to each element.

¥
Separate energy spectra for each element are obtained by setting
"windows"” on each particle group in the mass spectrum. Fig. 3
shows the mass spectrum obtained in the reaction 16O+12C at
30 MeV. similar spectra have been obtained in the reaction
160+160. The clear identification of C, 0, Ne etc is evident.
Figs 4 . 5 show the 120 -and 20Ne— particle energy spectra obtained
in the a-stripping and pick-up reactions of 16O+160. The energy
resolution for 20Ne-is very bad, due to the kinematic broadening.
In particular Fig. / shows the identified states of 20Me, which
are the ground state the 1.63 MeV and the 4.25 MeV states.
The last one is mixed with the 4,43 MeV excited state of 1ZC.
We also identify the 4.43=12C+1.63m20Ne state. £Etates of higher
excitation are not seen because of the thickness of the AF-dete-
ctor. The resolution in this spectrum is « 400 kevV (F.W.E.M.)
Fig5 shows the energy spectrum of ZONe. We see only the
ground state and the 1.63 MeV excited state again due to the
thickness of the AP--detector. Also the energy resolution is
very bad 1.3 MeV (F.W.F.M.). An angular distribution for both
reactions on 160 is in progress and the work will be extended

to other 4n-nuclei.

D ———— = -

*Present address: luclear Physics Laboratory, University of
Athens, Athens, Greece.
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3. The 160(160,0)283£ Reaction

J.D. Fox*, G. Vourvopoulos and S. Kossionides

The excitation function at 0° has been measured for incident
energies of 160 from 17 to 32.4 MeV and for a particles leeding
to the ground and first excited states of 28Si. The data
(shown in Fig, 6) are being analysed in order to determine if
in addition to the statistical fluctuations some effects of

precompound correlations between the Oxygen Ions can be detected.

(m" 0 (0,07 si*f2 178 Mev)
8-0°

Fig.6 Excitation functions for the
ground (0") and 1.78 Mev (2%}

&
~-rT

. 3 2 ’
states in 2851. 5
s
do 0 ("0, 0o )™ Si, (0% g.5)
dqQ G
8:0 .

ak
arh !’D
i

s -

0 MeV

3
Ejgp (160)

S —— -

*Permanent address: Florida State University, Tallahassee,
Florida, U.S.A.
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1.

4, Investtigations of Transitions to the 28 States in the

1/2

Mass-13 System.

P.A. Assimakopoulos, A.G. Hartas, C.T. Papadopoulos,
G. Andritsopoulos®*, N.H. Gangas* and K. Nagatani#?#,

An anomalous angular distribution populating the first excited
state (3.09, +7) in '3C and (2.37, 1) in "N has been observea
during the investigation of the reaction 12C(14N,13N)13C* and
12C(10B,9Be)13N at 100 MeV. Since the above transitions are
expected to occur between a . 1P1/2 and 281/2 orbits, the angular
momentum transfer is unity. Thus the experimental angular distri-
bution should show a characteristic oscillatory pattern, if one
assumes a direct one-step reaction mechanism. Under the above
circumstances one expects an exact DWBA calculation should fit
the experimental results well. However, it was found that even
though there were oscillations in the data, the 1= 1 theoretical
fit was completely out of phase with the observed experimental
angular distribution which, curiously, had a strong resemblance
to an 1=0 angular distribution. Additionally the corresponding
spectroscopic factor for 281/2 strength was found very small.

This is very important, since this state has been one of the

basic states in Shell Model Theory. The above observations

clearly support the belief that a one-step reaction mechanism,

even with the inclusion of finite range and recoil, is not capable
of satisfactorily explaining heavy=-ion induced one-nucleon transfer
to the first excited 2S1/2 states in the mass-13 system. It was
therefore decided to perform additional experiments and make
extensive calculations including multistep processés for the

281/2 states, as indicated in this mass region and at various
energies (see for example the following figure).
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12,

o

W

In the frame of the above considerations we performed some pre-

liminary experiments with the DEMOKRITOS Tandem accelerator.

12C(14Nr 13c)13

The investigated reaction was N* (proton transfer)

and '2c(M4y, 313
4
of 50 ug/cm2 were bombarded by 25 and 30 MeV 1 I beam. The out-

going heavy ions were detected by using a two detector telescope

C* (neutron transfer). Natural carbon targets

and particle identification technicues in the PDP-15 computer.
Preliminary results have exhibited weak population of the 13C
state at 3 .09 MeV which has indicated the necessity of perfecting
the computer particle iderti Sication techniques for the separa-
tion of carbon and nitrogen isotopes. Future runs are also
scheduled with the employment of two detector telescopes in the
anticoincidence mode, placed at pairs of angles predicted by the

kinematics of the reaction.

T S . I S5 W LS e Ry ST W

*University of Iocannina, Ioannina

**Cyclotron Institute, Texas A and M University, College Station,
Texas, U.S.A.
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13.

II., GAMMA RAY SFECTROSCOPY

150 ISOPm

15 Sm from the Decay of

C.2. Kalfas, A. Xenoulis and T. Paradellis.

Gamma-gamma directional correlation techniques employing

a Ge(Li)=-MaI(T1l) system were used to investigate t?e de-excita-
; 50
tion mechanism and character of several states in Sm,

following the decay of 1SOPm Spins of certain levels and

multipole mixing ratios of transitions from the quadrupole
The

and octupole qﬁasi—vibrational bands were determined.
experimental mixing ratio values are compared with the theore-
tical prediction of Kumar and with corresponding values in

neighkbouring nuclei.
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Fig.7 A simplified version or the ievel structure of !

*Ysm populated
1 -
50Pm(2.68h). The thickness of the

line indicates the approximate intensity of the Yy transitions.’

following the B-.decay of
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2. 1488m from the Decay of L0 o

C.A. Kalfas and T. Paradellis

in order to extend the informaticn concerning the excitation
and de-excitation mechanism in even—even nuclei of the transi-

tional region around A=150, investigation using y-—Y correlation

techniques is continued in 1485m, studied from the decay of

148Pm ‘The parent nucleus is produced by (p,n) reaction in

mass separated,148Hd at Ep=10 MeV. Analysis of the data 38

currently under way. Further experiments are planned in cclla-

boration with Sussex University where use is made cf a low
terperature refrigerator (~15 mK) in order to measure the
angular distribution of y-rays from polarized nuclei. Finally,

Ge(Li)~Ce(Li) coincidence system will be used in order to
148

resolve some ambiguities in the level structure of €m.
B - 54d “Opm
S e e 43d “®Pm
R :
RS & rakes
- Q"’"*@r&’@ ; ¥ 2194.05
%6t &y, @\'}@
A ﬁﬁ%\égg . 209557
3 \\2 ‘Of-ar\&b 205785
NE S$es 1821 52
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2! P Fig.8 The excited states O
observed in the decay of 41 d
and 5.3 d 148Pm nucleus.
ot

m 148 Sm g
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3. Study of 97 pe by 97Mo(p,nv) Reaction.

A. X¢noulis, T, Faredellies and M., Pantazi.

The level structure and the decay properties of levels in?TTc
are investigated via prompt y-ray spectroscopy following the
97Mo(p,ny) reaction with proton energies between 3 and 6 Mev.
Measurements of excitation functions and angular distribution

measurements have been performed.

4, Electromagnetic Properties of States in 92Mo

from the 92Mo(p,p'Y) Reaction.

C.T. Papadopoulos*, A.G. Hartas, P.A. Assimakopculos,
G. Andritsopoulos** and N.H. Gangas*¥.

Levels in 2240 were studied through the 92

Mo(p,p'Y) reaction
at incident protcon energies Epz:.’;’.oF 7.6 and 8.5 MeV. Singles
y-ray spectra were obtained with a Ge(Li) detector at angles

of observation GY=OOp 300, 550, TGO, 90° and 125°. Level and
transition energies were extracted from the @Y=900 spectra with
an accuracy better than #0.5 keV. Branching ratios were extracted
from £he ©y=550 spectra. For transitions demonstrating an enerqy
shift with respect to the angle of observation, the corresponding
lifetime of the state was determined through the Doppler Shift
Attenuation Method. The analysis of angular distributions yieidec
multipole mixing-ratios and J" values for several states. The
experimental information oktained in this work wés employed to
calculate reduced transition probabilities. The properties of

gzMo strongly indicate that this nucleus

low lying states in
may be described in the framework of the shell model by considering
simple configurations of four protons occupying the P4 /2 and

g9/2 orbitals outside an inert 888r core.

AN S W D PR B G P S S e R

*Doctoral Thesis )
*%University of Ioannine
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5. Gamma-gamma Correlations in 696@.

T, Paradellis, A. Xenculis and C.A. Kalfas.

Employing a Ce(Li)-1aI (T1l) detector system, gamma-gamma

69Ga have been

directicnal correlations for nine cascades ip
measured. The result of the present measurements combineé with
other existing data allowed the adoption of a 5/2  spin and
parity for the 1106.4 keV level, and a 7/2 for the 1336.1 and
1487.5 keV levels. A tentative 7/2° spin and parity has been
adopted for 1923.1 keV level. Mixing ratios have been determined
for six transitions. The data obtained are utilized to extract
M1 and F2 reduced transiticn probabilities. 2 comparison of the
experimental data is made with the predictions of the one

particle~core and three particles~core coupling models.

o . =%
1 —_— —7 1 -5
F——asX
S— \——9
4
s—pf Ac=?
3 £ 5
I s 5\ s
-] \;_./;5
—35
15 i i ;

e 5
C ok : 1
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] 5- _ 5 X
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2 S
§—— 5 R
05— : - .
1 ____,_,_1_4_ . 1
Fig.9 A comparison of the one
2 ‘ particle (P-H) and three
QoL
i Exp? P_,_,3 particle (P)-core model
. f THEORE " states with the experimental

data in 69Ga.
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6. The Zn(p,ny)ﬁVGa Reaction.

T. Paradellis, C.2. ¥alfas and 2. Zenoulis.

2 79% enriched E'?Zn target, 4 mg/cmz thick has been bcrharded
with protons. Camma ray spectra oltained ac 90° o the beam
axis®at ¥p=3.3,3.6,3.7,3.8,3.9,4.7 and 4.3 MeV allowed the
identification of levels in Ga€7 up o 2.407 MeV excitation.
Angular cdistribution and centroid shift data have keen collected
at EP%S.GS and 4.16'1eV. The analysis of the Fp=3.65 MeV
angular distribution data, allowed the unique spin assignment
for severel levels. The excited states of 67Ga (in *xeV) and
the adopted spin and parity assignment from the FF:3'65 va
experiment, are the following. 167.0%5(1/2 ), 253.10(5/2 },
828.10(3/27), 910.92(5/27), 1081.72(1/27), 1202.25(7/27),
1412.63(7/27), 1519.12(5/27), 1555.55(5/27), 1639.37(3/27).

The data at 4.2 MeV are currently analvzed.

63

1. Study of agamissﬁiThrough Proiton Inelastic Scattering.

£.G. Eartas*, C.T. Papadopoulos, P.A. Assimakopoulos,
G. Andritsopoulos¥**, and H.II. Gangas¥**,

The gamma~ray de-excitation of the first twenty four states

63 , ' e ; v B35, 5
Cu amd tihe flrst twilvccotates of ““Ca was studied by weans

63,65

of
of the Cu (p,r'v) reactions. Thick targets of copper
enriched in 63Cu and 650u were bombaricd at incident proton
energies Fn=4.2, 5.0 and 6.C MeV. Singles garma-ray spectra

were obtained with a Ge(Li) detector at angles of observation
@y=00, 300, 550, 90° and 125°. Thrcugh these measurements trans-
ition energies, levels, branching ratios and lifetimes of states
via the Doprler shift attenuation method vere established.

A striking overall sirilarity in the decay schemes of the two
nuclei is okserved. The angular distributions obtained are heing
analysed in the frame-work of the Hauser-Feshback theory for tie
determination of rmultipole mixing ratios and J" values for sever:l

states.
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More recent Ge(Li)~Ge(Li) coincidence measurements are also
being aralysed for the ircorporation into the level schemes cf

several unidentified transitions observed in the spectra.

| DI e
bl r . 1 s”}}s o Wikl
- T8
|
|«
- . lr .
&
AL
500 H . . : : . ”
o l Fig.10 The excited states of 63Cu
! ;

)
A a

*Doctoral Thesis
**University of Iocannins Ioannina

d 65271. through the 63’656'14(;3,11\')63’652?: Reactim?.

8. Study of 652?1 an

F.2. Assimakopoulos, E.G, Hartas, C.T. Paradopoulos,
. G. Andritsopoulos®* anrd N. H. Cangas®™.

63 65

Fxcited states of Zn and Zn are being studied in

conjuction with the work on the odd-copper isotores described
above. Through a progregsive increase of the incident proton

[=4
energy on isotopically énriched 63'6“0

o
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63’652n become dominant in the singles

targets,; transitions in
y-ray spectra. In this manner several new transitions in the
odd~zinc isotopes have been identified while the excitation
energies of levels known from prcvious work have been measured
with increased accuracy. To this end singles y-ray Ge(Li) spectra
have been oktained at incident proton energies of Ep:5.2, 6.0

© 559, 70°, 90°

and 125°. The angular distributions are being analyzed for

and 7.0 MeV, at angles of observation @Y:OO, 30

the determination of branching ratios, multipole mixing ratios
and J" values in the frame work of the Hauser-Feshkach theory.
Recent Ge(Li)=~Ce(Li) coincidence measurements are employed for
the identificaﬁion of several unknown transitions. The analysis

of these data is still in progress.

*'niversity of Ioannina, Ioannira

1

S. The SO(Mn553mnyp) Reaction.

G. Costa* and T. Paradellis
A thick targe: of SSMn has beer bomkarded with 40.8& Mev 7% 160.
Gamma—;ay spectra rave been obtained at 20°. The preliminary data

; . . €9, gt
indicate that the main reaction channels are GeHr L, ¢ Totp2n;

69 _ 68 ; . ;
Ps+2r, Ga+2pn. Gamma-gamma coincidences, singles y-ray
distributions and abksolute cross section measurements are in

progress.

s ———————— - ——

ot

Fermanent address ; fertye o lochereies Jucleaires (o ftrociourdg,
Laboratoire des Passes Fnergies.
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160 51

(" V,xnyp) Reaction.

10. The

T. Paradellis and G. Vourvopoulos

A thick 51v foil hes been borbarded with 160 ions of energy
rang%ng from 32 to 40 MeV. Garma-ray spectra obtained at 950°
indicate that the main reaction channels at 40 MeV are 64Zn+p2n,
65Zn+pn, 65Ga+2n, 64Cu+2pn. Gamma-gamrma coincidences, y-ray
distrikbutions and cross-section measurements are continued to
clarify the decay schemes of the residual nuclei. Some prelimi-

4
nary results for the low lying states of 6‘Zn are given in Fig.1:

N
. $
6 5 3992.5
'
R g >
(CD ™ E 2609.4
+ R
4_ s 2306.4
+ M,
Q) ] 3 19090
2+ 1799.0
Y v
994.5

O+
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ITI. X - RAYS

1. Utilization of Fxternal Proton Beam for Elemental Microanalysis

A. Katsanos, A. Xenoulis, A. Fatjiantoniou and R,¥. Fink#*

An external proton keam facility haes been constructed which
permits elemental microanalysis, based on the detection of
characteristic X rays, to be performed on samples in atmospheric
pressure. The sensitivity of the method ecuals that of the
internal beam, where the sample is placed in the accelerator
vacuum, while there exists a number of obvious practical and
other more fundamental advantages of the external beam,

The 3 MeV protons exit the vacuum of the accelerator through

a 0.008 mm thick Pe window. The Pe window was found to be the
most satisfactory of a sefies of materials tested. The facility
has been already used for *¢ claental anclyveis cf different kind

of samples such as biological, environmental, and mineral.

JPcrmqnentjaﬁuess Cecragia Institute of Technology, Atlanta
o Georgia, U.S.A.

2. Analysis of #Ancient Blue Pigments.

€. Fillipakis*, V. Perdikatsis** and T. Paradellis

Samples of blue pigments obtained from old Creek paintings
dated from 500 te 2500 B.C. collected from different archeolo-
gical places of Creece (¥Knossos, Mycenze , Pylos, Tiryns and Thera)
have been analysed by XRF in our laboratory. This study was
comhined with crystal diffraction studies and mineralogical

examination of the samples.
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The results indicate that two types of blue pigments uvere used
1. The so called Egyptian blue which is an artificial complcx
salt of Si, Cu and Ca. In the most of these samples, cuantities
of en, Pb and As have been found which indicate that probably thc
Cu used in the production of the pigment originated from kronze
filings, slag from bronze-smelting furnaces or bronze corrcsion
products.
2. A natural pigment containing mainly Iron. Diffraction analysis
of the samples indicate that the mineral used, was the so called
glaucophane. In the case of Knossos this pigment has been traced
only in samples dated 1700-1500 EC,
*X-Rays Laboratory, Dept of Physics, MNRC DEMOKRITOS, Greece
**Geological Intitute of Greece

3. Measuring Target Thickness by X-Ray-Fluorescence

T. Paradellis

2 method has keen developed for measuring thicknesses of thin
targets used in nuclear physics experiments. The method which
covers all elements akove Ca is based on the yield measurement
of X-rays of the target, excited by other X or -y-rays from a
radiocactive source. This yield, for thin targets, is proportional
to thickness, Significant effects may arise from X-rays excited
in the backing material, whenever the energy of these X-rays
is above the K-~edge of the measured target. Thus for example,
the calibration 'line for targets made from Iron on Carbon foils
does have a different slope from the corresponding line for Iron
targets deposited on Gold Rackings. The calibration lianes cons-
tructed with and without Au and Ta backings have been used to
measure targets of known thickness evaporated on C, Au ar Ta.

In all cases the agreement was better than 5%. The estimated
uncertainty of the method is about the same order.
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4. Air Pollyt%on Measuremonts ™

T. Faradellis and V., Xatselis

Air dust samples collected on cellulose filter, Whatman 41,
from the industrial city of Flefsis located 22 km west of Athens,
were analysed bty XRF for the presence of heavy metals.

The results found for the main trace elements are:

ELEMENT AVFPAGE MAXTM MINIMUM AVERAGE

recort 3reconﬂ zero wind non zero wind
in wg/m
Calcium €3 162 1.5 84,5 44.7
Iron 5.3 13.9 0.8 7.08 3.7
Lsad 0.78 5.3 3.045 1.22 ' 6.59

Zirc 0.27 1.0 0.038 0.33 0.22
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IV. TEEORETICAL NUCLEAR PEYSICS

1. Even Parity States of ~°7i.

L.D. Skouras

The even parity states of 46Ti are calculated in the audmented
basls of 6-particle and 8r-2h configurations. A deformed scheme
is adopted and only the states that arise from the lower intrinsic
wave functions are considereé., Apart from the 22 21 mixing
ratio the theoretical results are found to be in §ood agreement
with experiment, for both energy levels and transition rates.

2, An Bxtended Shell Model Caleulation on 365.

L.D. Skouras

A shell model calculation has been rerformed on the even
parity levels of 368. Full configuration mi ing has been consi-
dered by allowing the four proton holes to occupy all the orbitalw
of the €4 shell. Although the model reproduces satisfactorily
the low-lving energy levels of the nucleus, the calculated
transition rates are found to be in bad agreerent with experiment.
It has bkeen found, however, that agreerent with experiment drasti-
cally improves, if the shell model basis is auvgmented by a limitecC
number of 6h-2p configurations. The latter arise by exciting
two neutrons from the Sd to the fp shell orkitals and are con-

veniently constructed using a deformed scheme.
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3. 4 Shell Model Caleculation on 95Tc.

C. Dedes* and L.D. Skouras

2 shell model calculaticen has been performed on tine evCi
parity states of gch, The basis vectors are constructed 1y
coupling all (g9/2)3 proton states to all possible two neuilorn
states that arise by considering the 165/2, 281/2, 1¢3/2 and
0g7/2 artitals. The calculation has been carried out with =
"realistic" interaction and the usval second order perturbation
corrections have heen taken into account for the constructica OFf
the appropriate, "effective” interaction. The theoretical »2z1ire
are found to ke in very good agreement with experiment as 7 %
the energy spectrum is concerned. Thus the model predicts 4“7
approximetely the correct energy all levels that have been
observed up to 5.6 McV excitation energy. Moreover i: prediui.
a numkber of additional levels that quite possibly have no® ices
observed yet due to the complexity of the nucleus. The calev.ics

tion of the transition rates is currently under way.

B S S I SSP o (S ey

* University of Toarnina, Ioannina

4. Interpretation of the Non-Zero Energy for IW=O+ and the

Break in Mallmann's Curves.

G.S, Anagnostatos

The non-zero energy of the zero angular momentum state —o
the break in Mallmann's curves - two previously cebkserved pro:lec
during the phenomonologicel analysis of the ground-state Li...o
doubly even nuclei with negative ground-state moments of incris
( 0<0) -~ are investigated in this paper. Their interpretacius

is based on the VMI mcdel and yet uses angular speed (w) an 5.
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indeperdent variakle. It is shown that the non-zero energy
corresponds to a new 0" member of the ground-state bkands.
Moreover, for nuclei in the interval —-2-;- _<_:I(I+1)C/ 03 £ 0, when
I=2, the existence of an additional new 2t level is derived,

; + +
wvhich leads to the general pattern Inﬁg.s. ’ 2+, 0+, 2+, 4 , & .o
The introduction of these two levels points to an interpretation
of the break in Mallmann's curves at R4=1.482 rather than at

R,=1.825, as found by Mariscotti.

5. Statie Properties of Nuclei in the s-d Shell.

G.S. PAnagnostatos

An extension of the isomorphic model (initially applied to
the closed-shell nuclei at the ground state) into the region of
open-shell nuclei is prosented. The iscmorphic model is a new
general nuclear structure model, primarily classical in its pre-
sent form, based on high spatial symmetry. Properties success-
fully exarined here are neutron, proton, and mass r.m.s. radii,
cguadrupole moments, and Coulomk cnergies for twenty-seven nuclei
in the s-d shell and for 160. The proton distribution gives radii
within' the experimental error in almost all cases. Strings of
isotopes (isotones) are predicted to have the same proton (neutron)
radii, which is experimentally justified within the exrerimental
error. The quadrupole moment predictions in twenty cases are

identical to the experimental values.
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6. Solar Abundances of Nueclei and Nuclear Structure.

G. ©, Anagnostatos

Some new features of the nclqr abundance distribution curve
have been studied which may prove useful in the development of
a more comprehensive theory of the element formation. In addi-
tion, some interesting and hitherto unknown neutron excess versus

neutron number correlations have also beer found.

7. Dynamic Properties of Nuclei in the s-d Shell.

G.5. Anagnostatos
This work refers to the same nuclei as in therrcvicurs vy’

and deals successfully with their spins, parities and magnetic

dipole moments.

8. On the Nature of Backbending.

G.5. Bnagnostatos

An interpretation of rackbending is attermpted by assuming first
that the "restering force constant ¢ " is not really a constant
for high angular momentur states, but a function of the moment
of inertia and second tlrat, kesides the stretching of nuclear

dimensions, a distortion of nuclear shape occurs at these states.
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V. DAT2 COLLECTION AND PROCESSING

1. Facilities Available

At the end of the report year facilities availakle for data
collection include:

a. A PDP 15/76 Computer with 16 k of 18 kit remory, cartridge
disk, CPMTRONICS printer, 7-track magnetic tape trarnsport,
DEC-tape, display with light-pen and console teletype.

The disk, printer and magnetic tape are new additions. With
these the new on-line software will be installed and event-
by-event collection of data will Le possible. Four NS624
ADC's are inter-faced to the computer.

b. An NS600 Multichannel Analyser with 4 k Memory which is used
mainly for ¥X-ray and y-ray work.

c. Five Ge(lLl) and Si(Li) detectorsof various sizes.

d. An "almost sufficient” pumber of nuclear electronics units
either purchased of constructed localy {(Demokritos 8000
feries, MIM standard)

2. Support

£. Kecssionides, V. Katselis, A. Sokos, A. Chionakis

The FElectronics Workshop has been occupied with the mainte-
nance of the computer and the measuring electronics of the
Laboratory. Some miror units {(e.g. a 1 kv power supply for the
light pen) were also constructed. During the report year three
new programs have been added to the Cn-Line Library,
a. DETECT which is a simulator of the Mass Identifier beeing

developed.
b. GOLDIE which allows digital windows to be set on the spectrum

from one ARC and routes the data from a second ADC to different

memory areas depending on the results of a comparison to the
windows,
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c. TOTA which 1s a modification of GOLDIE and uses for the routinc
of energy spectra mass v i\lues computed from E and Time of
Flight information.

3. Magée Identifier

V. Katselis and S. Kossionides

The development of a special purpose processor is in the final
stage. This processor will speed up the mass calculations needed
by several experimental programs for particle identification.

It will directly access lists of AE and E stored in memory and
deposit the result of the calculation in another list. Thus the ~
processor can be used for either on~line or off-line mass calcu- i
lations. After the succesful simulation, the device has been
designed to realize the flow-chart of fig.13. Currently the

layout of modules and the wiring plans are bkeeing prepared.

LOG AF

| O VietF T

LTS F
Wik g MO
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L] I.l'!JI'HIfﬂI-LIJ""I'

Fig.13 Flow chart of the Mass

identification Process
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1. ANFA . An Interaetive Program for Analyeie of One-dimenaional

Pulse-height-Spectra*.

P.A. Assimakopoulos and S, Kossionides

An interactive program has been written for the PDP-15 computer
as an aid in the analysis of one-dimensional nuclear data (e.q.
Y~ray or charged particle spectra). It can however ke used in
all cases where histogram-type data with Poisson statistics is
analyzed, The prrogram makes heavy use of the CRT screen—-Light-
pen facilities of the PDP-15 for interaction with the data and
is designed to run on a computer with the minimum of peripheral
equipment, notably without a card reader or lineprinter - as is
usually the case for computers employed mainly for on-line data
acquisition. Due to these restrictions the source program is
avallakle only in the form of a DFC-Tape. The DEC~Tape contains
all source {SRC) and binary (RIM) files, as well as the appropriate
XCT and XCU files, compiled under the CHAIN system for single-

command execution.

During operation a pcrticn of the data is displayed on the
CRT screen, an area of interest is indicated with the Lightpen
and various processing commands are executed by changing the
state of the ACCUMULATOR SWITCFES., A log of all operations and
results is printed on the Teletype. Commands already incorporated
in the system are: Control of I/0, polynomrmial fit to background,
centroid and area of peaks, multiple (1 to 3) Gaussian fit.

The statistical errors associated with each parameter are also
computed. A copy of the program may be oktained .from the CPC
Prograr Library, (ueen's University of Belfast, N. Ireland,
under Catalogue Number ABMN.

. —— A m—  FE TR - A W

*To be published in Computer Physics Communications
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5. Kinematics of Three Body Reactione*.

P.A. Assimakopoulos

A review has beer presented of the expressions employed in the
evaluation of kinematic variables in reactions of the form
A+B~;a1+a2+a3. ThesSe bariables include the kinetic energy of
particles in the final state, the relative final state interaction
energy of each pair, the corresponding centre of mass angles and
angles in the centre of mass system of an interacting pair.

All variables are computed in program EAKINE3, which has been
written for the CDC-3300 computer and is an extension of the
program described in ref.(1). A second program, PAKIPLOT, pro-
duces a lineprinter 64x64 channel plot of the kinematic locus
for the reaction. Both programs may be obtained from the CPC
Program Library, Cueen's University of Belfast, N. Ireland,

urder Catalocue Numbers AEMO and ABMP,

e R T S —

*To be bublished in Computer Physics Communications

1) P. Assimakopoulos, Programm No. 3, MRCD/IDR, 1965;
DEMO 72/13, 1972
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6. ACCELERATOR OPERATION

S. Valamontes, N. Andreopoulos, A. Asthenopoulos, G. Prokos

The accelerator was not heavily used during the course of
the” year and there were periods of rather small demand on beam
time. The machine time distribution is as follows.

Total running hours 1668 hrs
Charged Particle Induced X~rays 137 rs ( 8%)
Heavy Ion Reactions 698 " (42%)
Nuclear Structure Spectroscopy 329 " (19%)
Inelastic Scattering-

~Gamma-ray Spectroscopy 332 " (20%)
Accelerator Support Group 180 " {(11%)

A major shutdown was necessary in September to replace the low
energy accelerating tube. It was found to be damaged (around
the 25th electrode from the tank end} and the damage was attri-
buted to secondary electrons emanating from the grided entrance
lens. The grid was subsequently removed with an appreciable
loss of transmission (from 75% at 2 MV to 40% at 4 MV) trough
the machine. Several efforts are currently in progress to
remedy the loss of transmission.
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7. PERSONNEL
Regearch Staff
Dr G, Vourvopoulos, Director Dr A, Katsanos
Dr G. Anagnostatos Dr E. Kossionides
Dr P. Assimakopoulos Dr A. Panagiotou (till Sept. 75)
Dr A. Hartas (Research Associate) Dr Th., Paradellis
Dr €. Kalfas Dr L. Skouras

Dr A. Xenoulis
Graduate Students
E. Gazis M. Pantazi
P. Kakanis K. Papadopoulos

N. Xiromeritis
Scientific Associates
Prof. G. Andritsopoulos (Univ. of Iocannina)
Prof. N. Gangas (University of Icannina)
Prof, A. Panagiotou (University of Athens 'since Sept. 1975)
Dr 8,.Filippakis (N.R.C. DEMOKRITOS)
Operational Staff
Accelerator Support Group Electronic_Group

Valamontes V. Katselis, B.S. Mathematics-

N. Andreopoulos Electronics
A. Asthenopoulos 4. Sokos
G. Prokos A. Chionakis
Computer_Programmer Machine Shop
Mrs K. Demakou, - nzo o F. Trouposkiades

B.S. Mathematies 0. Topikoglou
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Centre de Recherches Nucléaires de
Strasbourg, France (Nov. 10 - Dec.10)

Brown University, Providence R,I. USA
{(June 25 - July 25)

Georgia Institute ‘of Technology, Atlanta
Georgia, USA (Dee. 10 - Jan. 22}

University of Oxford, England
(July tu - Aug. 10)

Florida State University, Tallahassee,
Florida, USA (May 27 - June 27)

Florida A and M University, Tallahassee,
Florida, USA (June 25 ~ Aug. 4 )

Texas A and M University, College Station,
Texas, USA {(Nov, 15 - 30)

University of Heidelberg, Germany
(Sept.27 - Oect. 4)
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