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Tn heavy ion reacticns, the { "C,2p} reaction

prcved to be an effective way for mass measurements. Work
continues with the above reaction, coupled with measurements
of the Yy-rays resulting from the deexcitation . The (160,20Ne)
reaction at several energies has given information on the
validity of the DWBA methed for the analysis of a-transfer
reactions. In beam gamma ray spectroscopy produced useful
information on the s-ructure of several nuclel and established
the decay mede of wvaricus g 3/2 analoque states. In atomic
physics the induced X-ray method either with charged particles
or with fluorescence has been extensively used for trace element
analysis in blood and tissue samoles, alr pclliution, target
thickness measurements and various other aprlicaticns.

On the theoretical side, wor! continced on the extension

k
of the VMI model to explain th wbending and"downbending”

T«
r
i
9]
P

phenomena in high spin states. Applicaticon

@]

f the isomorphic

model continued in heavier ruclei. Reaiistic shell model
calculations have been performed to nuclei &t the Zr region.

The importance of effective 3 bedy forces 1r the same region was
investigated and the constructicn oI appropriate effective operators

at the beginning of the s-d shell is under wav.
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HEAVY ION REACTIONS

W I,
NELEUT

Mass
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P.Kakanis, E.N.Gazis , E.Kossicnides, N.Xiromeritis
*
and A.D.Panagiotou

A possible way tc procduce neutron-rich nuclei , such
34, . . . . : : :
as Si, is tc use reacticns in which beth projectile and

. . . 18
target are already neutrcn-rich, as for example the O

(180, 2y} 3451 reacticor.. In order to detect the two protons
and measure their energy, we have developed a very simple
new metnod, in which we detect the 2p's in space- and time-
coincidence in a single telescope, consisting of AE, E and
A/C Si-detectors. Censidering the simultanecus passage of
two protens ftnrough this detector system ard using Bethe's

relation we arrive at a Particle Indentification function,

(PI):
) 2 (Eq+Ep)°
P = mz ;ﬁj ]
Eq-52
where E1, E, are the lab energies cf the twe protcns and m,

z their mass and charge. This ?I function assumes the con-

. . v e 1
tinucous values between "4", (case E1- E,5) and ”3.3",(E1=3_E2),
for all practical purposes. We axpect then to see in the mass
spectrum a brcad distributicn, correspencing tc the " 2p-
particle " group, just after the triton mass.

; . , . L 12 16 26
Tc develop —he method we emnloved the ' °C (70, Ip) Mg

reaction at 33 ard 3% MeV incic Fig. 1 shows
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a typical mass spectrum, in waiCh we Clear.y see the "2p"

group, identified as " I,

T T T ! T T
MASS SFECTRUM

' %z on T3¢ ‘He i

10— E..= 3EMeV m

4 1 —
10°- — Fig.1. Typical
TASE Spectrur.

The peak marked

H" corresponds

3 : to the " 2p-parti-
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shicn we caloulats the Swo protons

is consistent w_<h *he assom
about 380 KeV fcor the unscurd
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in which the first

Fig, 2, Total
T 4 n

H' energy
spectrum. States
of 26Mgare
indicated in the

figure

Fig. 3. exhibits

Fig. 3. Angular
distributions for
ﬂE'AH"l&WHE
26N@‘in it's grourd
and first excited
states. Smooth
curves are drawn
through the data
points.

o the first
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two levels of
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studies cf the C+
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we have estinated
26 . -
of Mg to be abpout = 120 Xev, which we belicve

we can reduce further.
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Nuglear Structure Investicaticn o7

*
E.N.Gazis, P.Kakanis, A.Xenoulis, J.Kechayias and
a*
A.D.,Panagiotou.

In order to study the properties of
nuclei away from the valey of stability special experi-
mental technigues have to be employed, such as
mass-separator, helium-jet or in-beam heavy-ion
reaction spectrcscepy. 1f one wishes to study
the excited states of an exotic nucleus which
is completely unknown the experimental situation
is much more demanding, since an identification
of the radisticns related to the unkncwn nucleus

has to ke first established.

We rave initiated a project in order
to investigate the nuclear structure cf exotic
nuclei in the (s-d) shell, for which very little
experimental and thecretical inforraticn is
available. In particular we shall study nuclei
with 2<7,¢3, for which almesz nothing 1s as yet
known. We intend tc cobtain energy-level schemes
spin and life-time wvalues and measure *he pProper-
ties of electrcragretic transitions. This expe-
rimental informa<ion will be compared wWitn new

shell-model calculations
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The experimental technique empicyved is
particle -gamma swpectroscopy initiated by heavy
ion reactions, The idertification of the y-ravs

emitted from an unknown nucleus can ke achieved

—

by detecting the emitted pérticles, eading to
this nucleus, in ccincidence with the deexciting
y-rays. For this purpcse a scattering chamber has
been constructed, which permits maximum counting
efficiencey for both, particle ang v, radiations
and also permits wide range angular zorre
measurements. For the identificaticn of the emitted
charged particles a AF-E-4/C ccunter-telesc

been used, emploving the semi-empirical powor Llaw
(E+&E)l'73— EI'TB. The electromagnotic radiatien
was measured with Ge {Li) detectors. In <rder to
develop the technique, we investigated the reaction
12C (16O,x7}w, whore % can te e p, 4, 2» and a,
at 24 MeV incicdent aonergy. Fast timing and wvile-un
rejection has hoen am

1ovwed

el

10009 o tars 7
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Coincident y=-ray spectra were obtained with

each particle group appearing in the mass spectrum
(fig. 1). The y-ray spectra ccincident with alphas
and protons are shcwn in fig's. 2 and 3
In fig. 2 the dowinant 1368 Xev (27-07) ground

- L . , vt Co
state transition and the weaxer 4 -2 transition

related tc the I2C (16051) 24Hq reaction channel
are seen,
e —
z:o{_ 1368.4 {“ Mg)
i
. GAMMAS GATED WITH
1 ALPHAS
% |
'_. k)
= [
=100 !
o |
© i

]- 2757 {¥*Mg)
i Y

LéO | 600
CHANNELS

Fig.2, Specinin of y-ravs erittec in the

12 , 16, .
boambardrent of Z owith 24 MV O eam 1n

coinciderce with ocutgoins protons.

, respectively.
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10

Fig, 3 exhibits y-rays corresponrnding to the

27 26 . ; v ;
Al and M3 residual nuclel, vroduced hw p

and 2p emissiorn respectively, In +<he case of

27 o ,
Al no strong transition is seer , due to the

spread of the deexcitatics  cagczde, 4 the case
26 - st o
of Mg the deorminant 2 -~ grourd sta-o¢ transitisn

is observed

" 1813 911%M
TAMMAS GATED
510 4 WITH PROTONS:
oy R 2Lt A
> '
o I5065{°5Mg)

2725 T(LTAl
Y 30025(27A0
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We are currently carryving our measurenents for

exotic nuclei in the rass region 28<A<36

+ Supported irn part by the National Research
Foundatinr « &thons, Greece

11
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9
3. 7he %0 (%%, ?%%) 1%¢ Reaction

N.Xiromeritis, G.Vourvopoulos, E.Kossionides,

P.Kakanis and E.Gazis.

2 12

ONe} C has
been studied at 28.0 and 33.0 MeV incident

The reaction 16O (160,

energies. Evaporated self-supported 5102
targets 118ug/crn2 thick were used. A solid
state detector telescope, consisting of a

AE= 4um and E= 300um, was used to detect

sgof- T T Tg7 |
i
150 J5¢
~Mass Spectrum | = 7
o pi
el.utf 28 -
cookEng=33MeV o
4
3004 Ne =
wn v 3
= o Fig. 1.Portion
-
= of the heavy ion
200 ] rass spectrum from
"
the peaction, 126 * %0
i ) at 33 Mov.
100 ¢ —
sl wXy % Ly
300 500

400
CHANNEL
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the reaction products.
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Fig. 2. shows a typical 20Ne encrgy spectrum

ak 13,0 v, Prgular distributicns have been
extracted {or transitions to the ground state

and first excited state at bcth ernergies studied.
Figs 3 and 4 shcw the exverimental angular 2i-

stributions at 33. MeV,

T T T i T i :
— -
B _E'_AB:33 Meyv _J
L\ ‘Ne 0 (GS) .‘
+ |
- [ ¥ 1
g :
— : i e .
5151—- . - [ .‘quu__c;l
o 3 i} ; -
a [ 7 distripution of
“"G L —
o L — the orocunt 373t
- ._ —~ L= 20, '
i ke e from the
B ; . 16, 16
| reaction :
- ¢ m g 124 -
| N Nedy TC LA vkhrooo
_ | noints s tas AR
13 t ~ E
' J ' . L. pradicotion
20 30 40 5% 82 70 a: L
a. .
hroanalysis ns ooon et reed trothe full finite

ramnge DWBA oo BRUNHILL, Tyo~olaoi omg zrae shown

to be in auantitative zoree~eod wicl b assumption

14
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that this reacticn proceeds via the simpile

one-step transfer of an a-particle

15‘%— ~
- E ..=33Mevy
_ ““Ne 27 {1.63)
s b
a3 I \ : B
E O -
a it | 1
v .
T
3 \\(/& : k.
2 - \
i [P SN T S S N N AN L Il 1 B
23 &0 &G 8C
ecq—.
Fig 4. &ngular diztribution
2C

, st ) . -
cf the I oxelited state of e
. 16. 18, 20 12..
from the reaction S0 7O, T TNe) O
Lirz  rough points is the DWTA

prediction,
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Spin and multipole mixing ratics assignments in

heavy-ion reactions

E.Adamidis and A.Xenoulis

In order to test the reiiability of
spin and & values extracted from angular distributicn
measurements of single y-rays emitted in CN heavy-
ion reacticons we have analyzed a great number of data

selected from bibliography. Specifically, A, and A

angular distribution coefficients were analized wiih

a two-dimensional program in which the population of
magnetic substates and the spin and & values were
treated as parameters. Within the restriction of
alicament severah%forms of substate distribution
were tested. With éJGaussian distribution most of the
spins and multipole mixing ratios obtained were in
agré&ement with reliable results extracted from light
ion CN reaction data. A systematic study is in proqreés
in which we shall attempt to ¢larify the dependence of
the substate popﬁlation distribution on the kxind of
the projectile, the spin of the residual state, and

the effect of deexcitation cascads from above.
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5. Study of High-Spin States in Ca by means of

Heavy-ion Reactions

A.Xenoulis and E.Adamidis

The 42Ca nucleus has been previously
studied by means of 285i (160, 2p) and 27Al
(180, 2np) reactions 1'2). It is, however,

interesting to notice that the analysis of anqular
- distribution measurements gives rather contradictory
results.

Using an extended computer code in
which we treat multipole mixing ratios and magnetic
substates population distribution as continuous
variables, we have?reanalyzed the A2 and A41 2?gular
distribution coefficients reported in Refs.'’

.While we reproduce the spin sequences and & values

1,2)

reported , we have obtainedBJ unexpectedly harrow

widths for the magnetic substates population distri-

butions with the data reported for the (160, 2p)

1)

reaction

Our results could be interpreted to mean

that either there is a pronounced difference in the

reaction mechanism between the {180, 2np) and (160,2p)
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reactions, or there is a large experimental un-

certainty in the (160, 2p) measurements.

In order to clarify thesc points we have
285 ;16 &
8as ’0,2p)
reaction. For that purpose we have bombarded

g 16
natural S1i with 35 MeV ' O

undertaken a careful study of the

iona. Single y-rays
have been measured at 900 and 55 with respect
to the beam. Gamma-camma coincidence spectra were
measured with two Ge(Li) detectors, and analyzed
with the gates placed at 611 KeV and 1524 KeV y-
rays in order tz identify the #lectiromacaetic

2 42

transiticns in K and Ca, respectively | 1otk rhege

nuclei e preduced in the bombardment of
8 ; ¢ : ;
2 S;. We plan to proceed with the angular distri-

butiosn measurements. -

1. R.L.Raobinson, H.J:Kim, J.B.Mc Grory, G.J.Smith,
W.T.Milner, R.O.Sayer, J.C.Wells and J.Lin, Phys.
Rev. 13C (1976) 1922.

2. E.K.Warburton, J.J.Kolata and J.W.Olness, Phys.
Rev.11C (1975) 700

3. E.Adamidis and A.Xenoulis, unpub:lished results.
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I GAMMA RAY SPECTROSCOPY

T4z
] Lo —~ = - 1 —-
1. Structure of Sm Srudied frcm The Zecau
144 . 14E
5f Pm ognd © T Im.
C.A.Kalfas

Gamma-gamma directional cerrelation
and coincidence technigues empioying Ge{Li)-Nal
(T1}) and Ge(Li)-Ge(Li) systems were used to Inve-

stigate the de-excitation mechanism ard character
148

of several states 1in g~ following the decay
148 148m . .
of Pm and Mpr. The radicactive source wWas
. 48
produced by (p,n) reactlon On MaSSs separated Nd.

Considerable new informaticn concerning the level

5 . . . _ 148
structure and de-excitaticn mechanism of Sm was

obtained from the present data. Twc new levels at

20?7.9 and 2284.4 KeV are established, while spins
and parities of all ievels Lalow 2.4 MeV  oare
uniquelv or nearly unlguely detormined, The angu:ar
correlation resu.ts incicate the high spin positive
parity states are nct of collective character.

A total of 22 y-rays were observed following tne
decay of 5.4 4 1LAiEI’Srn iscmar while 21 y-rays were
observed following the 43 & isoneric cecay.



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

20

g . a7
2. Structure of 7 e ruclcug determinel by the” Mo

(p,n YY) reaction

A.Xenoulis, M.Pantazi and C.Kalfas

There exists a continued experimental
and theoretical interest in nuclei in the (0g 9/2)
shell-model orbital, since the question about the
theoretical interpretation of their properties has

not be conclusively settled as yet.

We have undertaken an experimental study
in order to determine the excited states and spins
seguence in 97Tc, and measure the electromagnetic
properties of transitions in this nucleus. Extensive
meaSurements of single y-rays, excitation functions, _
Y-Y coincidence and angular distribution measurements
have been performed in a bombarding energy range
between 2 and 8 MeV. Thus, the level scheme, spins of
excited states and multipole mixing ratios of electro-
magnetic transitions have been determined up to about
2 MeV excitation in the 9?'I'C nucleus. The low lying

97

states of Tc determined in this work are shown in

table 1. In this table the states in 95Tc, as previously

1)

determined + are also shown for the shake of camparison
It is interesting to notice the similarity in the
structure of these two nuclei. The compression of the

excited states spectrum observed in 97Tc compared to
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95Tc provides an outstanding case tc test the

theoretical assumptions about the residual
interactions, since it can be assumed that the
addition of two neutrons does not change the

central potential considerably.

Level ernergy

{(KeV) g
q

95 97 B or 97Tc
o 0 9/27"

39 97 1/2°
336 216 7721
627 324 5/2¢
646 580 3/2°
667 657 5,2°
882 772 13/2"

1.D.G.Sarantites and A.C.Xenoulis, Phys. Rev.
C1l0 (1974) 2348
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3. Exeited states in 67Sa ckaserved in the 57Zn

(P,?‘I Y) raao! 't:f-"?:

T. Paradellis

Energy levels of 67Ga populated by the
672n(p,n) reaction at proton energies between 3.6
and 4.3 MeV and their gamma decay was studied.
Spins were determined within the framework of the
statistical theory, from angular distribution data
and (p,n) cross-sections derived from gamma ray

intensity data.

In Fiq.‘1. the decay scheme derived for
67Ga is shown. The adopted sPin and  parity =
assignments and the branching ratios of tne y-rays
are also shown in the same figure. Mixing ratios
for many transitions have also been extracted. The
lifetimes for 19 states in 67Ga measured by DSA

method are listed in table 1.



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

Lifetimas=
attencati
singles s

Lervesl v ravs usad Fit: az T Ifs}

ikevl LR MeY 4,6 way Presant Zazlsarn et alrbl
828.05°  525.00 8.783 33 0.095 28 40 7120 aen TR
910,922 910.62 D.0dz 42 0,774 12

1081687 108166, 514.46 £0.000 6,275 33 ;

1202,357  1232.25, 843.13 e 0,150 23t 18 13z TS pen
1012, 713 141271, 103358 g.025 35 ez te o aen RT O ne
151921 1160,04 o.02¢ *4F cozmoz e DS 2
554,60 1554.57, 118548 0,133 2t RECT) 253 7%

1387.58 :

183949 1472.48 0.216 5 c.225 43 144 1Y 5o 12
808,97  1808.58, 1445.56 c.z87 48 103 138

977,90 1377.95, 1149.%8 527 47 w2 By

775.€6, 1616.52

2W45.88  2040.85 3243 27 izs T30 153 12
073.72 §M,49 2243 18
212846 1755.26, 12%6.4° SRECIY
214184 974,82 0.8
MI20 T2, 13ad.e SRECI E
217607 2775.05, 1816.52 3.2 22 ec T2 57 T8
2195, 63 L7388 .03 38 P
226773 3 RS 1z i

223198 132277, 3710 SR 3 :ii

aj zrtod oafwor ocormezud oo for el




24

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

W D .
an-—R3%
2eno s
FaFatara et
) o . s . z
- . B o - .
co FE H‘ o2 5 & @ B B o pr-3 & o o I S
5¢ s wM|: B3 § g 2 %7 3 g 3 2 = 2 .,m nox
= =] ™ b = =3 o -
@ L -3 < o =iy e
an nm 4 ge 2 = w 0T = = = © _ w
! | 7
| L
| [ __ 1 B SET] -k C
: YL — - - — - - - - :
I : Y-+ . - J
| . W ERHL IR - — o *
WS T
_. wek e e - - -
[ e WbiG MEf ——
o I EEIRRLY - - -l
i 1 WYl TG -
[ -
- : - -—
L 1 i R " X
' _ ! SRR N : :
[r ! _ . -
| ! N :
bt | .
| . _ * - :
: ! -l
; | i L 1 L ' ! =
. i !
7 | ¥ 1 i I
| + i 3 -~y
- L3
o .. ; g -
b 7 ' R ' R ‘ | - -
“ | “ “ - i
! - -
T 1 . :
| - -
o . I : ' -
. - .
1 ] -
. ' f -
. ' v -
! ' [ i R .| ,
[ [} - 1
| . . -
T -~ !
[ - - . -
: I - 5
: v —_ - - -
N J -
. ' - . -
; . = H ]
i i . ] W ' - i i
15 1h 19§ - r | »l ) i ﬁm_
| et Ritoh — e N [ . N ! .
X . JR - e . - "
__ [ 1 R — R L. i -
| -+ — - - boo-- -ty )
| = = i N )
L I I - ., e
I - — [ . =
o ' i p . I * -
L4, . 4. g R S A -
| "o—mowm_m#m_ R —— N . . R 1. - .
I7ELL 45| [ . I [ ] ol d
_ FRItHY . - - 1 - -
TR I AT, - — J R ] | -
{ H=IEfY 4 -] .
o 0 557l —- - -t - B R T
L el = . : o
(¢ £F W6 9181 [T S . . —4— - R ;
| . s U SR § - - [y
| & 1 _ et — - e —— — —— e o — 4 —
RS T o s ] IR Sabuluult Ky o gl uluploplupiugiogt AP () B Sl PR
| ek 1~ ; ; ] e
15 1) § 96 - .
| rremieen - 3
T o R )
- |
— - —— I—
QA0 £~ R S SR R T
W0 0 0eee ) R B - L
(Go9l0 LR T+ [ -
oa | o [LA [FR l e
S R 3 5 & k4 3




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

25

A.G.Hartas, G.T.Papadopouios and P.3a.Assimakcopoulos

Levels in 65Cu up to an excitation energy
of 2.7 MeV were studied through the 65Cu {p’p'Y}reaction
at incident prcton energies ED:5.25 ard 6.0 MeV. Singles
Yy-ray spectra we:e“obtained with a nigh resolution Ge(Li)
detector at 8Y=Oo, 200, 400, 550, ?OO and 90° and a
second (monitor } Ge (Li} fixed at SY(monitor j= 90°.
Transition energies were measured and levels deduced from
the SY: 90° spectra with an accuracy hetter than # 0.5 keV.
Branching ratiocs were extracted Ifrcm tre 8Y=55O spectra.
The life-times of two levels were determined through the
Doppler shift attenuation method by studying the energy
shift of y-ray peaks in the angular distribution data. The
analysis of angular distributions yvielded rnultipole mixing
ratios and J - values for several states., The experimental
information obtained in this work, whenever complete, was
employed to calculate reduced transition probabilities.

. . - 65
Fig. 1 shows the propcsec decay scheme Ior “cu.
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clates in SSCu

Ll

Electromagnetie »vorcriies

Fv

through the inelastic scattering of protons

G.T.Papadopoulos, A.G.Hartas, P.A.Assimakopoulos,

C. Andritsopoulos fand N.H.Gangasf

Levels in 63Cu wp to an excitation energy
of 2.8MeV were studied through the 63Cu (p,p'Y)
reaction at incident protqn energy Ep: 5.0 Mev.
Singles y- spectra were obtained with a high
resolution Ge (Li) detector at angles of observation
e, = 0° 30°555%, 70°, 90% and 125° and a second
©. The
lifetimes of 18 levels were determined through the

(monitor) Ge (Li) fixed at GY[monitor) = 90

Doppler shift attenuation method by studying the
systematic energy shift of Y-ray peaks in the angular
distribution data. The relevant data are shown in

table 1. The analysis of angular distributions yielded
multipole mixing ratios and J° values for several

states. The experimental information, whenever complete,
was employed to calculate reduced transition probabilities,
The results obtained are compared to theoretical

predictions in the framework on the weak-coupling model.



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

28

TABLE 1

The experimental averaqed attenuationgactors
and lifetimes deduced for states in Cu

Pl
Level Transition F(t) T{f=)
energy energy
(keV) (keV)
A0
1327.0 1327.0. ¢.053 + 0.013 6upt?"
144
1412.0 449 .9 0.073 ¢+ 0.021 >740
7424 0.530 + 0.030
1412.0 0.0U6 + 0.D17
PR ¢
15470 =z 5 0.232 + 0.033 1u0%’?
1547 .0 0.193 + 0.032 - I8
] el
1861 2 £99.1 0.054 ¢ 0.0i6 7607177
1861.2 0.047 + ©.013 -120
2011.2 1049.2 & 0.523 t 0.063 i TE
1341.6°> 0.4€2 t 0.063 =3
2011.2 0.583 + G.0%7
140
20§2.72 1392.7 0.066 4 0.025 gt L
2062.2 b % 4 B 05D ~70
2081.5% 754,14 G.170 ¢+ 0.037 i
2081.5 0,169 + D.0RY -18
2092 ,7 765.6 G.GU2 £ 0.021 w35t 138
1130.7 BT 18 A -85
2042, 7 076§ DL
2908.0 481,05 0 O8% oA a s, T LIE0
i 0,076 % o B39 7
T
2336.5 137414 6065 & ©.031 !5*1"
FARE . N PLOTH + G.0i9 e
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TABLE 1 (cont.)
Lk;\fe\l TPdnSi‘t i'-:)ri ? i g T( ff)
anergy CNETEY
(YoV) Eay)
2404 .8 1077.8 B 439 & poss  wse 0
: 1uu2 .7 G.191 + 0.041 -30
24971 1827.5 0.142 % 0.066 iy Ta2
o d e | 0.223 + 0.036 =46
=i W 2512.0 0.152 & 0.0G30 220702
JERE B 2535.8 0.0676 + £.025 yrot?250
. -110
2696.5 2026.9 0.093 % ¢.052 pamh-L3B
2696.5 “0.137 + 0,046 —-EL.
2716.7 271R.7 0.062 + 0.051 %
27RO, 4 278014 G.377 2 C.GTO 6?+€?
= 9
2806 .3 2806.3 0077 & 6,953 >270
[0 4

Value corrected for feeding from above.

+ University of Iocannina, Greece

29
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6. Decay of the 23/¢ zvalcos

"] Fos

Eyy
o
-

G.Vourvopoulos, Th.Paradellis - G.Costa and
G. Bergdoldt+.

Following the annourcement of the
establishment of the g %/2 analogus in 63Cu )
we wished to examine the decav scheme of the ana-
logue in detail. An excitatior function was taken
~and the gamma ray yield as a function of incident

proton energy is shown in Fig. 1.

3000 Nitpy) Sty

ol fx
g - quh \'fX,j!%\k B
2000+ ! . . L] 3 \. [ _
*v[ qﬁ'{“‘vﬁﬁi/p&/ .°\.-! \-.!-‘" ""‘.\.:

Ep (MeV)

Fig. 1. Gamma ray yicld as a Sunctior of
incident oroton enercv. The crerqgy gate

' - TMeY .
is EY e
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These data were taken at CNRS Strasbourg
and were later repeated in Dermokritos. Several
long runs were taken with a 100 cc Ge {(Li)
detector to estaklish the decay scheme of these
resonances. The resonances found were a Sew Kev
apart from the cnes mentioned in ref |, Angular
distributicns were taker for +he ground state
transition of some of the larcer resonances
(Fig.1) These distributicns indicate that the
rescnances observed are not the analogue resonances
since they dc not have the exovected pattern for
an M1 transition. We canno* identify any of the
resonances menticned in ref.T] 43 analooue states
and it is possible that the o 9/2 analogue state
in 6 Cu is largely fragmented among the neighboring

T. states.

.

a
1), I.Szentpétery ard JT.327 2 Snvs.Rev.lett.28 (1972)378

31
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7. Decay of the g 9/9 analogue in °°Co
G.Vourvopoulos, T.Paradellis

An excitation fﬁnction (Fig. 1.) was taken
to establish the excitation enerqgy of the 9/2+ analogue
state in 55Co. This state is the analogue of the 3.80
MeV 9/2+ state in 55 Fe. The excitation function revealed

not a single resonance but two adjacent ones.

1000 T T T T T T
& ) @ sz.Fe (p,Y)SECO -
v f O e T
500 . ]
8> J N @ ]
4 2 \ - B
I / \".I:ﬂ '\. o
o W ;.\.‘._
ol ! | i 1 | 1
3450 3460 3470 3480
Ep(Ke?)

Fig. 1. Gamma ray yield as a function of
incident proton enerqgy. The enerqgy gate in
E >2.7 7.

Y MeV

Previous measurements L indicated that only the large
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resonance at 3.462 MeV 1lncident proton energy
was the g 9/2 anaiogue. Gamra ray spectra taken
in our labeoratory at 3,462 , 2.47C and 2,474 MeV
show that the resonances at 3.462 anc 3,474 MeV

{FFig. 2) have the same decay pattern, decaying

. B“Fe(p‘y)EECO

. ™~ 1 o~
N g 9/2 DECAY SCHEME g
N N
. Y g— 8480
92 8470
5 %
[ L

+
9/1 6068 8/2

6068

W0,
3%,
a8 %

S

A S

Co2 2919 -

7/7 0 7/2 0

ig.2. Decay schame of the two fragnents

of the 3 9/2 aralogos o T TCo,
mostly to tne 2 grcund state we observe therefore

n
twe parts. Calculaticns are in orosress to examine

the amoun~z of reotardaticr of trhe M1 analoguas decay.

33
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e : R
m - e TorE o - e
£ hr’_-.' 8 + LT T T T

+ A + = i . - tad Ly +
C.Costa, F.CGulbault, a.ardouin, C.Lebrurn, Y.Vergnes

and T.Paradellis.

This reacticr has heen stc.died originally
at 4C MeV ir our lab (see Prog., Fen. 1%75%), The
experiments have been contiruvos in the ¥P Tandem ir

Strasbourg. On line camma rav vields have been

T4

measured fcr Freq= 37-50MeV. After each compardment,

residual radicactiv:ew hes b

%)

v

~oTRasured in vreselected

time intervals. Carra- aa-73 oincidences have been

3

also measured at the 47.5 wair sombardina crerJv,
Reaction c¢ross secticr for about U2 evit chanpels
are exXtracted as a furction of ernergy and the level

n
scheme for a number of nuclei is Turrentl s constructed,

DL Adamidis ard AuNoroulis

-

Jeoxncitaticn of

3
D
>
}
~
ot
"
1
-
.
I‘[\
,
3
'm 3
"

states in residual rucle: croduced in the beoxtardement

1
: 2 259 . .. Th
of a 200 u aier ol tarast i O kears were

neasured as a funcri . ~= Treinct il crergics. Single
! ol

YTrays were measursd gn 90% et 2. Coac Toroerevrqgy

. . . . - . e
and intensity decormiras o b ua s at 33 are alas
used for the extracticn oF levels life timeg t Tittinc

the distcrted peak shave ~f the  wnis

34



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

35

Elementgi X-ray micrcaraizvia P ehap:! -partale
7 *
excitatiscn with arilicaiicrst> ilocal rrohlems

|
A.Katsanos, A.Hadjiantoniou, A.Xenoulis and

s
R.Fink

The aim of the present work is the
adaptation and <development ~f nuclear techniques
suitable for practical applications, as well as
the utilisation of such techniques for investi:ating
specific praéiical problems. On this line a new
technique was developed for sample irradiation in
free air. This technique besides being a more
convenient and universal method for PIXE analysis
for 2+19 than the in-vacuum method, it also proved
to be superior from the point of sensitivity and

1}

peak to valey ratio in the ¥-ray spectra.

Thin metallic targets prepared by ~acuun
evaporation on mylar or carbon foils in our labo-
ratory, and others nurchased from MICROMATTER Co
in Seattle, USA., were used for cross section
measurements and calibraticn. In other cases mixtures
of elements from solutions were ecither deposited
on various backings or mixed and homoaenized with

various samples for the differ-nt apolications.
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On the other hand in crder to demonstrate the
capabilities of the method for investigating

and solving local problgms, bioloqical}air and
water polution, as well as various cther samples

were tested,

Varicus air pellution samnles ccllected
by us as well as others furnished by the pollution
Control Agency in 2Zthens were analysed, as a ore-
liminary work. The X-ray spectrum of a characteristic

sample is shown in Fig, 1.

INERSY , &Y

T -'r—r'rnrrrr'—-'—r—rrrrr'.]t
. .. 1

i

L

T

T

T

T

are PERIUTIA FLTER PufFR

Fig. 1. The X-ray smectnr 2f an ai =ollution
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2. the X-ray spectrum of a sediment

sample from the Pollution Control Agency is

also shown. Another point of interest was the

determination of uranium in rock samples for

the IAEA - DEMOKRITOS uranium search program.

Our conclusion was that, depending on the

presence of other elements, the sensitivity

was usually less than 5-10 ppm for thick rock

T 171 Tll"l.'ln

g

L S [ M B

CCUNTS PER CHANNEL

. sanples

8 SR 10000 15D 000
|v:1rTIrr|1||:Tn|!:"1—1.1: :rr|_|—'

EMERGY, eV
I v 333300,

Fig.2. The X-ray spectrum of a
sediment sample, with a Ge(in)

detector and 133 mq/un2 nlastic
absorber . Proton Eneray 2.0 MeV

, which was not sufficient for the

requirements of the project.

37
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Similarly, the purity of some magnesium

samples , used for the preparation of Grigrard

reagents was alsc succesfuly tested by external

PIXE analysis. Finally, extersive work has

been started on biological samples.

1) A.Katsanos, A.Xenculis, A.Hadijiantoniou,

and R.W.Fink

Nucl. Instr. and Meth. 137 (1976) 119=-124

Supported in part by the IAEZ, Vienna

+ Health Physics Division N,R.C.DEMOXRITOS

++ Permanent address

cf Technology

:Chemistry BDepartrment Georgia Institute

38
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A.Katsanos, A.,Hadiiantcniocu,M.Salaha and

A.Z2annis.++

The putblic Electric Company in Creece,
as well as various other instituticns reguested
the analysis ¢f Pb ceontamination in human blcood.

d b

Samples were prevared bv acid dicestion and

B
jon
)
3
I'ty
0
—
boa
g}

depositicn on thin ca by dryinq)and
by ashing whole zlood. The first method was more
time consuming without increasing the sensitivity
relative to the dryinc methecd wnich was about

0.2 pom with the intrinsic Ge detsctor andé ahout

0.5 ppm with the Si (Li) cre. Bv ashirc the sample,

however , sensitivity we

,4
o
D
po
v
(]
N

ol

r-O
3
Ly
1]
3
T
)

chieved as shown in Figc 1. Care must be taken
acnlavc ' :

for standardizatinn 2f the ashing conditions and

calibraticn, Thes content of O.2ppm of Pb is considered

normal. It sheould Ze noted that the use of chromium

critical X-ray abkscrbers for the irom peaks, did
increase the sensitivity for lea

4. After thne

preliminary tests, olood aralysis of neopnle

working in lead contamirated envircnment, shrowod
lead ccntent betwaen .1~ T4 por 1o whole blood,

and up to Zopn in urine samnles,

not

39
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Some samples of human Zemur heads were also
analysed for trace elements. Specimed® with
visual indications of deterioration showed
relatively high concentration of Cry Mn, Cu

and Ni.

E
£

COUNTS PER CHANNEL

tHt -

Fig.1. The X-ray spectrm of ashed human
blood with C.2 orm Pb added, using an
Intrinsic Ge detector and 133 pa/arl
vlastic absorber. Protor Faeray 2.0 MeV

il
c
i
ot
0

However, this prcject was not cgntinued

the fact that healthy snecimens could n

®
rt

obviously be obtained and conclusive results

would be difficult.

40
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Other bioclogical samples of interest analysed
were human cancer tissue§in comparison with
healthy oneg, furnished by Dr. R,Sarper through
Prof., Fink of Georgia Institute of Technology .
High concentration of Pb in some cases as well
as other indications have not yet been fully
evaluated.

*: Supported in part by IAEA, Vienna

+ Health Physics Division, NRC DEMOKRITOS
++ Health Center NRC DEMOKRITCS

41
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+ +— ++
D.van Horn, M.Greefield, Aa.Hadjiantoniou and A.

Katsancs.

Recent excavaticons at the site Frachthi
in the Peloponnesus (Greece}l uncovered remarkable
findings of human habitation in the 0ld and New

Stone Age.

E:| 1 ||||‘ ] I]“"i 4 LA MhE

8

Illl.llLLJ_ItIJI|1LIJ|lJlJ_llllllLIJIllllilllll[llll
o ac AL w00 [z 0 1)

SlynI o WiHIES

Fig. 1. The X-ray specivit of a mesclithic
ziint tool with absorber for the low
erergy X-rags of light elamerts.

Work has neer starte:s - .ris laboratory to identify
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the sourcz2s on the flint-stone used for the
tools in various ages. For this purpose a non-
destructive multielement trace analysis is
performed by proton induced X-ray emission on

the tools and stone samoles from various sources.
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Pig.2, The X-ray spectrum cf another
mesolithic flint tool fram a different source,
again with absorber for the enerqgy x-rays of
light elements

Two spectra with different composition of

trace element are shown in Figs. 1. and 2.

+ Paermanent Address:49C5 Roosevelt 2ar, Sacramento, Calif,
++ Permanent Address:Physics Department, Florida A and M University
-+ Health Physjcs Divisicn, NREC DEMOKRITOS
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Detarpmiviaticn o7 trgac elementg <in rilcod samples
114 b
-
hy whnaton 4rnduysed Y-rayw Tiuoregzence

T, Paradellis

Whole blood samples have been analyzed by

photon induced X-ray fluorescence. The blood

sample is dried by an ashing process. Fig. (1)

Counts

—

0

T T .’3I T T 1 1 171
] -
T Xl 2
o o.a| n
L E lL ]
['-?- 0| 4
i |f‘ i
o lx |.LE )
..’.‘uﬁux '||°| « !Z
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._w :|‘!= ||.| o ? :
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it ol 18 3
SIS IV Y 1
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WEE T o 1
RN RS 4 o E
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_ A8 e ty e o,
- AT S T S B
z S AE, 1R Te .
a + 1 |
- LRV AR R Y ]
3 Vs o 4
L Lo N S ooy g
o 50 100 180 200

Channel number

Tig . 1. Spectrum of an ashed blood sample ,
optainad with a 4ml Cd1Ol source in 100 nin
Concentrar .o of scome elaments are: Fe 46ma/ml

Bra 522 ug/m,Rbe 23Cug/ml, Cuz 140ug/ml Zn=170ug/ml,

Ni =11ug/ml, Ses :.° .v/mi , Pbe 25 ug/ml and

44
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shows an. X-ray spectrum c¢f an ashed sample
obtained with a 4mrC 109C§ exciting source. The
guantity of the elements‘involved has been

measured using a) The relative intensity of each
photopeak to the Iron peak, b) the known relative
yields of the elements o the Ircn obtaired from
thin films measurements (see Ann. Rep. 1975). c)
the known amount of Iron in the sample which is
determined directly from a thin blood sample
obtained by depositing 0.5 ml of whole blood in

a filter paper and d) a relative absorption curve
obtained from the average composition of the
samples. Quantitative results obtained have been
checked for some elements by neutron activation and
found in very good agreement with XRF data.

Under these conditions the detection limit for some
important trace element (assuming a 20 mC source,
1'ml of blood and 2C min countingtis {in wg/100 ml

Ni =7. Sez0.8 , Sr=1.0 2Zr £1, Hgz2, Pbx2. Moz3

45
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[

T.Paradellis and V.Katselis

A series of air nollution mMes S remonts
has been conducted in sore werking areas inside
the National Printing building. The most conta-
minated area was found te be the srelting room
were the concentration of some toxie elements was
Pb: 200-80 ug/m3 Sn:51—27ugﬁm3 Sb:34—14ug/m3.
Next in contaminaticn was found *o be che Offget
room whare Ph rangedfggito 7 ug/m3 while Sn ard sb

. 3
were less than 1 wug/m

It was found that the size of the air
particulates carrying Pk, Sr and Sh was large enoug!
that a Whatman 41 paper filter would remove more than

98% of these elements from air passing through them.

16
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THEORETICAL NUCLEAR PHYSICS

¥
L.D.Skouras and C.Dedes.

An attempt is made to explain the
observed even parity spectrum and transition
rataes of 95Tc. The shell-model approach is
followed and the three valeﬁce prctons are
restricted te¢ the Ogg/g orkital. On the cther
hand full configuration has been assumed for the
two valence neutrens which are allowed to take
all possible values in the 1d5/2 , 291/2 . 1d3/2
and Og7/2 orbitals, Experimental single particle energies
are used in the calculaticon while the two-body
matrix elements are derived from the "Sussex" and
"Yale" interactions by means cof second order
perturbation thecry. Thus, usinc onlv one free
parameter, namely the =2ffective charge,we have
reproduced to a geod approximation) the excitation

energies and transition rates of about thirty-five

Pt
w

observed ve.s. In additicn the calculation nredicts
a number of levels that, guite possibly, have not
e

vyet been experimentally ohserved.

+ Universitv of Icarnira, Grzece.
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2¢
The even parity atazes T T Ma
+
C.Dedes and L.D.Skouras
. 94
The even parity spectrum of Mo

is calculated in a basis constructed by coupling
the (0g 9/2)% proton to the (1d 5/2, 2s 1/2, 14
3/2, Og 7/2)2 neutron configuraticns. The effective
interaction is calculated to second order and by
allowing up to 2 Ho excitations. The results of the
calculations are in satisfactory agreement with

experiment on both energy levels and transition rates.

+ University of Ioannina

Greece

Effective three-r-dy lusepzet’s» n o Mz

)

and 94:u

. .+ ﬂ ++
H.A.Mavromatis , L.D.Skouras and C.Dedes

The influerce ¢f the effective three-body
. . 83 53 94
lnteraction on the spectra of Tc, Mo and Ru
is studied. Tne three-bhcdy interacticon is represented

by diagrams (1}{a: and {1¥'h) of fic. 1 together
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with their eight exchange craphs which are not

accounted for by the antisvmme-rized two~body

rt

matrix elemenrnts.

R B of th
\ . 1
N Lot

M

In table 1 w

mak

T

e > a compariscn between the
effective three-

o3

oy and twe-body {graphs 1 (¢},

1 {(d} and 1 io:

carntributilons for +he case of

. %3 . .
the J = 1/2 states of Mo, These contributions
have been caliculated in the space of 2 hw excitations
using the Sussex inteoractic- |

49
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Three~body as compared to twe-nody cont:ibuticns “o the specltrum

3 ,
of 9 Mo in the case 5= 1,2

Matrix Elemenrts* Two-Body Three-Body
<1l1> ~-3.135 005
<125 563 -.005
<1|3> ~ . 658 ~ 003
<1:4> 184 LG08
<21 2> ~-1.330 .007
<2|3> . 270 -.003

. <2 4> -~ 499 -.00¢
<3'3> -1.217 ~.006
<3]4> 176 L0071
<4[4> -1.133 -.023
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It may be seen from table 1 that the contribution

of the effective three-body is considerably smaller
than that of the two-bpodv diagrams. Similar results
have been found for the other states of 93Mo as well

for the states of 95Tc and 94Ru. On the other hand

as

it is fcund that there is an exact cancellation
between the Paull viclating terms of graphs 1 (a)

and 1 (¢} ard the corresponding terms of 1 (b} and 1{e}

+ American University of Beirut, Lebanon

++ University of Iocannina , Greece
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Calculatior -+ sp. Binzls rap=Sals foinsdaeg -

-+
H.A ,Mavromatis and L,D.Skouras

In order to obtain 4 MOre accurate
estimation of the effective interaction fer two
rparticles outside the rlocceg core, matrix diaconalization
methods have been used. In particular this technique
has been applied1’2)for the space of 0 he and 2 ho
excitations for the case of clesad Core, closad. core
Plus one and closed core vlus two particle Svstem.
However due to the Space truncation the method of matrix
diagonalization has thedisadvantaqe that it introduces
unliked term contributions . to the effective interactio%?
In this work a technique has been develoved which
eliminates the unliked diagram centrikution to the
effective interaction. The method is currently applied

to the case of TFO.

+-Americal University of Beirut, Lebanc

3

TIN. Lo Judice, D.J.Rowe and S.8.%. Wcng, Phys. Lett.37m
(1971) 44 and Nuel, Phys. 2218 (1974 171

2} A.Watt, B.C.Cole a=d R.R."hitehead
(1974) 435

3) H.A.Mavromatisz, nuc:l, Phys, A206 (1973) 477
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-+
H.A.Mavrematis and L.2.Skouras

In this work 2z "realistic" shell-model
calculation is attempted for the even parity states
of 180. An inert 12C core is assumed and full confi-
guratior mixing is allowed for the six valence particles
in the Op71/2, 04 3/2, 1s: 1/2 and 0O4. 3/2 orbitals.
The two particle matrix elements are derived from the
"Sussex" interaction in the space of 2w excitations
by means c¢f second order Perturbation theory. Results
obtained from the use of hoth experimental and calculated
{see previcus report) single-particle energies are to

be compared,

« T American University of Beirut, Lebanon
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and where the Xxinetic enercy 1s a second degree
polynomial in I {I+1), The medel which is basically

a variable moment of inertial model, is applicable
to soft and well~deformed nuclei, and gives results
which are in excellent agreerent with experimental

data.

G.S.hnagnostatcs

As xnown, for the descrintior of rotational
spectra up to I ¥ 10 =12 in even-even nuclei t¢wo parameter
models are used f(e.g. the VMI model). For the description -
of higher spin levels even more parameters are employed.
We have found that, if ar avopropriate determination of
the pctential and Xxinetic energy terms is made, one

parameter is suificient to describe both low and high

spin levels of a whecle group of retaticnal nuclei.
8. Guagdrurslz Mormernta ov 5 s S Nualed olth
Bf_‘“\" -
: + L
G.§. RBnRasntetales | J . vanitzakis, A.Xyritsis.
1-3)

k¥ thne isoporphic model

is appliei - all nuclei with 8uZ £60 ard  known
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experimental electric guadrupole moments. Nuclei
with Z < 8 and Z-60 are not examined since the
isomorphic model, in its present form, is not
applicable to them. It is proved here that an
exchange between a reutrorn and a proton reciprocal
polyhedral shell is net permissible and that it is
correct that some svecific polyhedra are emvloved

A

tc repregent proton average shell forms while some

other specific oolvhed reutron average shell forms.

Properties examined here are »rcten rms radii and

»

electric guadrupcle moments, Al predictions of the
model are in very gocd acgreement with exXperimental
data.

+ University cf Athers

+ Technical University of Athens

1) G.S.Anagnostatos, Can. J.Phys. 31 (1873) 998

2) G.S.Anagnestatos, DEMO Report 74/6 (1974)

3) G.S Anagncstatos 2 be published in ATOMKERNENERGIE

9. A& Geonmair SLgpe Sovtiitrn Joivt Frgoe witn Duantum
Moohaniosl Trownnoatonlgslas
PRI T L = : + %
G.5.Anagnostatas, < .Yaplitzaxiz, A.Kyriteis

It has hear found +nzt the
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different crienta*ticns -2 rre aroular mementum
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a%d the guantization axis, i.e. the angles

. -1 m
9! = cos y are exactly equal teo

AT

the ancles formed by axes of symmetrv of
a2 high symmetrv pcint space (as snecified
in ref. 1) and by a specific Zixed axis taken
as the guantizaticn axis. Thus, =h

provides a gecretrical interoretation of the
angular momentum guantization. This result

1z of a significant impor+ance for the lsamorpnic
model regarding predicticns of the swirs and

magnetic dipole moments,

4

1) G.S.Anagnostatecs , Can. J.Phys. 51 (1973) 998

+ University cf &Athers

++ Technical University of A+hkens
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¥ DATA COLLECTION AND PRQCESSING

Diaring the report year the following

were added te the facilites of the laboratory:

a. An Incremental Plctter and 8k of Memory to the
PDP-15/76 {(Total Memory 24 k)

b. An N5170C Multichannel aAnalyzer with 4k of data
area, Industry Compatible Magnetic Tape, X-Y

plotter and Interactive BASIC.

2. Fardwars Sucnor:

V.Katselis, A.Sckos, A.Chionakis.

The main task cf the grcoup remains
the maintenance of the data collecticn eguipment including

the computer. Minor constructicns include:

a. Design cf a+ 5VDC, 2a, 1C ~ stakility opower supply
which was produced in small quantity.
b, Design and constructicn of a power supply for 20-30

vpC, 2a, 1077 stability.

c. A supply of 400 ¥V, 2A for the new sputtering source
and
d. Two lowW -vas um detect. rs {Sparxplugl! with 4KV, 1mA
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S.Kossicnides, K.Dimakou, X.Aslancglou.

The main software effort concentrated
on the creation c¢f a new REAL TIME EXECUTIVE running
under DCS V3B and the rewriting cof the on-line
software to exploit the new facilities. At the end
of the report pericd the feolicwing modules were ready

and tested but nct yvet released:

a) RISYS  The EXECUTIVE which contains a QUEIC
facility, keybecard commard vreocesscr and keyboard -

user interface, PIP-like transfers between all standard
peripherals and memory as well as run-time core allocation
for data files.

b) VRA: A Handler Zor the VRI4 refresh display
wfth Light Pen. The Handler is compatitle with the XYA
Plotter Handler and allows the implementation of a pre-

plotting VIEW faciiity,

c) MTG: A pmagnetic Tape Handler for fast recording

h
!
3
t

o
0]
“
iy
~

and replaying cf ev 't data. This is a file
oriented, DEC Tape and gCartr:dage nisy COmpatible, modification

of DEC's MTF. Handler

d} A0C: A Harndler feor the ADC interface with special
emphasis c¢n Zast double-bufrfering operation and the ability

to group ADC'S into ccocincidaent groups as well as independent

L

singles (e.q . MOWITCORS .

e) oL nrv ool Uger-Yardler interfzce routines which
allow use <f tha “i72d Hardler functicns from MACRO

or PORTRAY wrzoorams,
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A secondary effort has also
to organize a library of commonly
programs running cn cur PCOP-IS5 or

the Computing Centre,

The library

5%

been undertaken
used FORTRAN
the CDC 3300 of

contains currently

the following (in parenthesis, the computer on which

the program runs).

1. DaMma

2. ANNA (15
3. MANTYF

4, BARBYF

5. DECAY 3

6. DECAY 4

7. PAKINE 3

8, PAKIPLOT

9. BRUNHILD
10. RELKIN 1
11. OPTIC IT
12, MTREAD

(3300)
£3300)
and

{3300)

anc

{3300)

5:13300C)

—
) La
[ESRIN
SIS
(AR
. .

Multichannel Data Handling,
Analyvsis of y-ray Spectra.
Hauser-Feshbach cross section
calculations,
Comkinatorial construction of
level schere from Yy=rav decay
energies,

Three becdy decay kinematic

Zine Pointer Plot of DPAKINE 3

results,
Heavy icr transfer reaction Cross
sections {DWBA),

Relativistic twe body reaction
kinematics.
Acceleratcr Cp s Calculations.

& NSIT00 Magnetic
Z 3300,

Subkrcutine

L R,
laneg 1
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Mass Identifier

V.Katselis, S.Kossionides.

The software simulator of the identifier
has been extensively used during the report period

and confirmed the initial confidence on the flexibility
of the algorithm

Mass spectra taken with the sinulator are
presented in the heavy {iorn section of tnis report

in Papers 1 (Fig . 1) and 3 (Fig 1.}



V1

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

ACCELERATOR OPERATION

+Andreopoulos, &.Asthenopculos, K.Divis, G.Prokos,
S

During 13876 the Tandem was utilized for
a tctal of 2440 hcurs. The machine time distribution

is as follows.

Charged Particle Induced X-ravs 171 hrs (7%)
Heavy Ion Reacticns 976 hrs (40%)
Nuclear Structure Spectroscopy 659 hrs (27%)

Inelastic Scattering-
~ Gamma Ray Spectroscopy 390 hrs (16%)

Accelerator Suppor® Group 244 hrs (10%)

Certain Imnroverents were made concerning
the transmissicn throuch the machine., At the higher
terminal voltages the transmissicn was smaller than
50% placing strains or the tubes. Following computer
runs perfcrmed at the University of Oxferd, it was
shown that moving the Zinzel lens located in the drift
tube between inflector magne+ and +ube entrance, close
to the entrurce o7 tho tube, transmission should improve.
We thereicre moved the Finzel lens 90 cor from the tube
entraace and hav: chftained transmission up to 80 % at the

highe. *ermirnal pozentials,

61
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A set of limiting micrometer slits was placed after
the inflector magnet for separation of different heavy
ions and for limiting beam intensities. A fourth beam
leg was installed tc accomodate the new 30 inch
scattering chamber., Most of the parts required were
manufactured in our laboratory and the 30 inch scattering

chamber is now cperatioral.

€.Vourvopoulos, O,Topikeglou, A.Asthenopoulos

Following the successful operation of the inverted
sputter scurce at Flcrida State University, a decision was
taken to install a similar one at the Demokritos Tandem.
With theplars kindly supplied by Dr. Chapman of FSU, the
source was manufactured in its whole in our laboratory.
The manufacturing of the scurce required anproximately
1000 manhours. The sputter scurce was installed in November
1976 with the guidance of Dr. Chapman and was successfully
tested and placed in operaticn. We kave optained 8uA of O
and 7 uA of C  at the low enercy Faraday cup and we are
currently developing other beams ou*t 0f the source. The
emmittance of the source is similar to that of the diode
source, as indicated Ly the trarsmission through the

accelerator,
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We presently alternate between the diode
and inverted sputter source, due to the regquirement
of large proton beams for an number of experiments,
The switch over is performed during a scheduled
maintenance period and doces not reguire more than

a few hours.
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Visiting Scientists
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[
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[rp B SR
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Physical Rev. C
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11. G6.S.Anagnostatos
"Solar-System Abundances of Nuclides and Nuclear

Structure".

Astrophys. and Space Sc.

12. C.A.Kalfas

"Structure of 148Sm studied from the decay of

I48p ana T48TWpw .

Jour. Phys. G.

13. A.G,Hartas, G,T,Papadopoulos, P.A.Assimakdpoulos
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