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INTRODUCTION

Durtng 1978 the research of the laboratory

progressed along the tines Previously established' namely

ganrna ray spectroscopy' heavy ion reactions, theoretical

nuclear pbysics and applied atomic and nuclear physics.

In gar na ray spectroscopy 1i9ht ions as well

as heavy ions r,Jere utit ized for spectroscopic investigaLions

in the AvgO mass legion and the Ge, Ga region. The expanded

lnterest in the AJ9O mass legion has been coupleil to shel1 nFdel

calculations perforrned at the laboratory , which successfully

reproaluce the experimental results.

In heavy ion reactions, the problem of lesonant

strr,rcture in heavy ion reactions in the s-d shell continued

to interest the laboratory and many systems wele examined.
1

A systematic study of 'Li induced reactions \,ras also init iated.

Some very intelesting results were also obtained from the

study of the competlt ion between pn and d and P2n, dn, and

t outgoing channels.

In theoretical nuclear physics' work continued

in the applications of the shetl rnodel and the isomorphic model

as !,rell as the exami-nation of collective phenomena.

Tn the applied atonic and nuclear physj-cs

research the use of the perturbed angular correlation nethod

for study of biological systems has 1ed into some important

results of conformational changes in Bovine Serum Alburnin. The

lnvestigation of the connection of trace elements vtith skin

cancer continued as welf as othe! applj-cations of the PIXE and

xK! meLnoos.
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2

We were fortunate enough durlng 1979 to have
very few problelns associateal wlth the acceLerator itself
Thla enabled us to allvert our funds torrarals purchasing
eqUlpment such as aletectors,'and off-axis duoplasmatron
aource etc.

The lnflux of visitors fron other countries
for experhents lrith our Tandem as rrell as vlsLts fron
our sclentlsts to other laboratorLes , was found again to
be ver / beneflclal all(l rewardlng.

l{e agaln take the opportunlty to express our
slncere thanks to all the techlrlcal personnel of the
Tandem for thelr dedic{tton and the quallty of theLr
work.

' George Vourvopoulos

F.

t  . .
I
t
t
I
I
I
I

I
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I .  nelvy toN REAcr r oNs

12 ̂ .12  ̂  -l \ ' -C+--C Reeonances .studied Ih?ouqh \  Decal l

c. Andritsopoulos-, X. Aslanoglou, p'. Bakoyeorgos and
- c. VourvopouLos

Resonances in th" 12c*12c systen and in the
energy range ECM:7-1O MeV were studled through y decay.
Excitation functions of the y decay of the first excited
state of 2olt., 23Nu .rrd 2 3l. lg seen through the 12c(12c.o)
2O.,_ 12^ ,12^

- 
r  

- ,p)  
-"Na and ' 'c(  ' 'c ,n) ' -Mg react ions

corroborated the existence of resonances observed through
various particle reactions. With the help of the angular
al istr ibut ions f rom the 12c(12c,e) 2ott"  

9,"  reacraon, two
other resonances w€re established at E*= 7.26 MeV and
D*=9.65 MeV and .f ' '-2+ and g+ respectively

Fig. 1 shorrs the angular distribution of the

; ECU-9.6 MeV resonance. The fit through the data pol-nts

- is via a p! (cos g) funccion which clearl-y inalicates that
. the resonahce has J[=31.

+ University of Ioannina, Ioannina, creece
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. \  Resonart  B ehauiout,

Aslanoglou. G.

Holub and D.

Vourvopoulos, c. Andritsopoulos,+
Pocanic--.

a 1)
The -Be+ -C systen is a strong candidate for

quasi-nolecular resonant behaviour, because of the
relatively Iow 1evel density of 21tt", 

a condit ion thought
of as necessary for the observation of resonances.

An exci tat ion funct ion of  the 12c(9ge,a) 17o

reaction \a/as taken at the energy range of g-2O MeV (Lab)
in steps of  25O kev (Lab) detect ing alpha part ic les ac
four angles s imultaneously,  O.= i50,  35o, 450 and 650. the
target r./as a 1oo 1tg / cm2 12c ioif ,  corresponding to a
2OO kev energy loss for  a 15 MeV ,B" 

b". . .

Fig. 1. shows the excitat ion function for Lhr11 
exci tat ion funct ion for  the ls!  exc.statc

of  'O at  three di f ferent angtes.  A strong indicat ion tnat
the anomalies seen in the excitat ion function ale not
seat ist lcal  f luctuat ions ls the correlat ion of the observed
anonalies among different channels and different angles.
For th is reason, the cor_relat ion funct ion D-t  

(o i -<oi>)

i=l  < qi>
!{as used where the inalex i  runs over al l  states and angles
rneasured and the avelaged \aras defined in an energy interval
of  3.5 MeV, Fig.  2 shovrs the resul ts of  the correfat ion
analysis.  Based on these tesul ts the peaks at  ECM=7.?,  9.7
and 11,3 are def ined as resonances in the 9Be+12c systern.
An attempt is unaler way to aletermine the spins and parit ies
of those lesonances.

Universi ty of  Ioaonina, Ioannina, Greece
R. Boskovic Inst i tute,  Zagreb, yugoslavia
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a) a 11
Fiq.  2.  -C(-Be,c) ' 'o absoluLe div iat ion funct lon

over al l  states.
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a\ s ea!eh o? B eaonances in thn 9Be+73c suste,

X. Aslanoglou, c. Vourvopoulos, c. Andritsopoulos+,
E. Hofub++ and o.  pocanic l+

fn the quest of resonances in systems of lol,r
level density.in the region around the Coulomb barrier.
. .  1? q ratne react ion -C(-Be, q ' )  - -O vras studied. An exci tatron
function in the energy range bett{een g and 20 MeV was
taken and the alpha groups leaving the residual nucleus
in the ground state and the first excited state were
observed at  four angtes (150, 35o, 45o and 650).  The
target \ iras a sel-f-supported 13c target 1oo ug/cn2 thick
and the energy step was 25O kev.

. Although ihe excitatj.on function of individual
states showed fluctuations Ln the measured yield,

nO clear' corre-Iation of these anorllalies
vras'observed among different ang-les and different particle
groups. Our preliminary analysis therefore indlcates that
the -Be+'-C system does not exhibi t  resonances of
magnltude such that can be easily detected.

Unj.versity of Ioannina, Ioannina, creece
R.Boskovic Institute. Zagreb, yugoslavia++
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t \  Re 6 onant B ehdo.:ou-!  o th"  1B o+12 c $rr" tn,

x. Aslanoglou, G. Voulvopoulos. G' Andritsopoulos an'l

P.  Bakoyeorgos.

Ahong the condit ions considere' l  as necessary

by a number of researchers for the existence of resonances

in a part icular system have been a) lo\tt  level density in

the excitat ion energaes corresponding to a few MeV above

Lhe Coulomb barriel and b) an atpha part icle-l ike structule

of the tuo nucfei involved in the formation of the conposl-te

syst:en.

To test  the second cr i ter ion the 
18o+12c syste^

vras stualleal. The extra two neutrons of l8oare-the cause o: a snafl

q, . -spectroscopic factor for  180. Exci tat ion funct ion6of the

y decay of . the f i rst  exciLed state.ot  "st '  
n"AI '  

- "Mg and

25Mo 
". . r l  

through the ' 'c( 'oo,n) " 's i ,  ' 'c(  ' 'o ,p) - 'Al  ,
14"(18o,6.1 26Mg rnd 12c(18o,or,)23019 react ions was taken

in the incident energy region between 18 and 30 t{ev' Due to

the beta decay of a mmber of unstable resi' lual nuclei ' Lhere

was considerable s ide-feeding so not al l rchannels could be

dl f ferent iated from each other.  Fol  the lzc( 'oo,o) '61' t9

reaction the excitaLion function of the ' l '81 MeV Y ray

deexciting the first excited state was measured' A pronounced

anomaly i , las observeal  aL 28.7MeV incident energy and

subsequent to the gamma ray data, an excitatj-on function

fo.  th.  12c(18o,o) 26u9 react ion was taken in the energy

region 14-3o Mev detect inq Lhe alpha part ic les at  Sruo=8o'

The results are shown in Flg. ' l  . For the 23'7MeV anomaly'

an angular distribuLion was taken ald the resutts for the

alpha particles leaving '"ug to the gloun'l state are shown

in Fig.  2.
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. The fit through the atata polnts in vLa a
Pio(cos 8) function indtcatlng a resonance with Jr=lo+.
Further lnvestl-gation.is unaler way to establish whether
thls ls a resonance in the compound syste_n or a shape
regonance, sitlce thelo seens to be a lack of other
resonances ln the excltatlon energies pregently studted.

+ Universlty of loannLna, foannLna creece

-
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S\ 'L i  T nduced. React ions

:
S. Kossionides, N. Tsoupas, G. vourvopoulos

A systematic stualy of 'Li-l.naluced reactlons has

started wlth the.study of  the system 7t: . .*12c. Thls was

deemed necessarv since 12" i" ah" most comnon contaminant

Ln targets. rt ittt atso be used a6 a reference.

Itork so far r,tas mainly concerneal with the

establishtnent of the neasurlng techni.ques and of the reactj.on

channels wlrtch wtll receive attention. The prelimlnary results

conflrm the usual assumption that q anal t enunission stems

nal.nly fron direct reaction nechanlsms , whtle p,al,pn,pp

evaporate fron the compound nucleus.
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51 studu of  the React ion Meehanien in 12c(16o,2p)26Mq

?eq.ction

p.K. Kakanis, E.N. cazis, A. Xenoull.s and A.D. panagiotou-

Ihe mechanlsrn of the 12c (15o,zp) 26!.tg reaction
was studLed by detecting the 2p's uslng two telescopes in
coincl-dence.

The two telescopes were placeil on opposite
sLdes r^' lth respect to the beam antl at. angl.es: 9.=1Oo,2Oo,
s -1no 1co ,^o ,qo 2^o, 35o and 4Oo lab.  fne Uean
energy was 30 MeV. The possLble vays for decay of the
Compounal Nucleus are:

t
q,. Dlrect three-botly break-up
p, Stuul taneous 2p enlssion (2D-F.S.I . )

y, Sequentlal 2p alecay

In ease (c() \,re stust have an isotropic energy
ilistributton between t\ro protons , because of the abgence
of any flnal state interaction between the two protons.

+ Unlversity of Atheng
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In case (9) nte expect a maxinum at one-half the

, total energy for the ti,to proLons, since the two protons

with almost equal energies have larger enisslon probabil ity
i and detection ef f icien,cy.

fn process (Y) the sPectrutn should be quite

different . ?he enerqy spectra obtained

showed that process (t) is predominant in the reaction
a) 41 ' rF.' -c  (  ' -o,2p) --M9
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P . K. f'akanis , E.N. cazis,

M. Lange.vin,

+ Nuc-Iear Physics Lab, ,
++ I .  P.N. -  Orsay (France)
(1 )  D€traz et  a l  pr ivate

A.D. Panagioto[  ,  l .  noussel ,
M. Bernas. D. Guil lemaud ++

University of Athens, creece

communication

We obtained the nass e*cess for 29l tg by
measuring in one telescope the total energy of the tl,ro
protons (2p) in Lhe react ior ,  13c (18o,zp) 29Mg.

For the expetiment l,re useil rrc tarqet 99.58
isotopically pure and '"O bearn with energy of 32 MeV ,
provided by the Mp-Tandem acceletator of the fnstitute de
Phys-tque Nucleaire Orsay (France)

From the preliminary analysis $re have estinated
the mass-exces" of 29l.,tg (9.s) and the energy of two
exci ted states ( f ig.  1) .

Mass excess of  29ug, 
-1o.9otJ/5o (Mev),  and

1st exci ted state:  O.605 t . . l50 (Mev)
2nd exci ted state:  1 .  53 +.  1 50 (y;V)

The tr.ro excited states identif ied here are in good
agreement with results obtained by y-ray neasurements
fol lor^ ' ing the g- decay of  29Na(1).
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8l Studl t  of  the ' : Isop?oduct ' :chq.nneLs ba tbe. (F. I . ,  pn/d\  ,

E.N. Gazis,  A.C. Xenoul is,  P.  Kakanis,  A.D. Panaglotou-,

D. Bucurescu -- and x. Aslanoqlou.

The sane residual nucleus may be forrned by the

emission of different particles from the conpound system,

feaving the sane mass A and atomic number Z.

A+B * (CN) 
1 

r"  " t

.  d +R1

ctn 
- 

(cN) 
2 p2n+R2

dn +R2

-^2

We see that the R. nucleus can be formed either

by p! or al emission and the R2 bI, p4 or dn or t emlssion

In such cases it ls clear that although the entrance channel

is the same, the exit channels should be consialereal as

different reactl-on nodes, which nay be called ISOPRODUCT

channels, conpetlng for the production of the sane residual

nucleus.

+ Nuclear Physics Lab. Universi ty of  Athens.

++ Inst. for Physics anil Nuclear Engineering , Bucharest,

Rrmania

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



In order to lnvestigate the j-mportance of
isoproduct competit ion we have init iated a systenatic

study of several heavy ion reactions. The double competit ion

by !l and d emission as lvell as the lriple competit ion

by p2n , dn and t emission has been tneasured in the reactions
'16, '18  ̂  12,13^ 16,18^ 1a 1a .a

'  U + c o + " '  -O and -O.f  ' -F-

We uti l ized the intensities of characteristic y

rays in t 'he residuaf nuclei which were measured in coincidence

wlth proton, aleuteron and triton particle groups cif t-he FBss sFectnnn,
in order to measure Lhe (pn:d) and (p2n:dn:t)  isoproduct

channel  s.

The ratios of the differenti.al cross sections
d,o /do,  and do ^ /do.  /do.  were obtainei l  for  severalDnoDznonL
bo;barding un".gi". fron 24.5 MeV to 37.5 uev with a E-aE si
detectors particle telescope .t €lub= '15o. It was found that

significant competit ion occurs in al1 reactions.

For exanple:

do
'"O + ' 'C:----- .P!-  :4.O t  O.5 at  E,  ,= 30 Mev

A^

' "O . i  ' "O: P"_- 35 I  10 at  Elab= 34 MeV

*"

Ftrrfherh.!ra- :hdrrlar correlation rneaSurenents Of

the cross section ratio have been obta.ined in the reactlons

'"O + -C at the incidenl energy 28 MeV, varying lhe angle

of the AE-E telescope betvreen 1oo to 5oo 1ab.
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OuaLltative agreemenC. of statldtical model
- calculations wlth experimental alata waa observeal, even

a though the calculation refeE€d to the total cross sectlon
ratios. Finally r p-n angrflar correlation measurenents
investlgatl-ng pg enisslon, which could be elther by pn
qonsecutl.ve elrissign or by unbountl d' break-up. have shown
that, malnly , sequential_!! enisslon occurs.
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1)Hiqh spin states in 69ce 
fyon the 55un (76o,pn)neactton

T, paradelLisl c.,t. costlr, n. s.rtll c. r,eurrf,lro. ardouifi++

r .  cuibauJt l r+ ,  M, Vergne.++++ and c.  Berr ier*++*

Targets of 1mg/cm2 55t, ln ulr.po.utud on thick Au
foi ls nere bombarded vrith 160 beams ftom E=3?.5 to E= 50 lt tev.
Gamma-ganna coincj, i lence data of high statist. ical quali ty were
obtained at 47.5 MeV bombarding energy. Angular distr ibutidn
data obtained at  42.5 and 47.5 MeV and exci tat ion funct ions
irere useil  to assign spin to levels of 69ce vrhich are popufateat

by the pn exit channel.

The main detai ls of the decay scheme of 69c. ur.
given ln f ig.  1.  fhe observed structure of  the nucleus ts very
wel.I discribed by the coupling ot u 9g/2 neutron to the 68ee

exci ted states.

+ NRC Democritos, Aghia paraskevi, Attiki, Athens; creece
++ Centre ale Recherches Nucleaires Strasboulg, France
+++ fnstitute de physique ale Nantes, France
++++ Institut de Physique NucleAire, Orsay, France
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Fig.  1.  Exci ted states observed in 69ce
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studA of  642r1and 66 
2n through the (p,p ' t )  R edet ion

2t

, f .  calanaki-s and T. Paradell is

During the last  months of  1977 we had started

studying the ba2l isotope and a alecay schene had been

constructed through the single y-ray spectra at  Ep-5.5 '

6-5r 1.5 ! lev.  cont inuing the study of  64znwe took a

coincidence spectrum at Ep=?.5 Mev in order to ver i fy and

to complete the decay schene. Angular distribution data

have been coLlected at  Ep=5.5,  6.5 and 7.5 MeV. Ihe resul ts

of these measurements are almost ready. On the other hand

a ""zn target Amqr /cm' thick has been bombarded with protons

at Ep=5.5 VeV. Single y-  ray and coincidence spectra ! /ere

obtained. fhrough the collected data a decay schene has been

constructeal, (which is not sti l l  complete) , with the

IO-L-tol tanq _Levers t ] 'n Kev, .

1039

27 80

3214

3503

37 46

' t  873

2828

3229

3929

294' l

4087

2450

30'7'l

3381

3'l 07

3433

37 39

Li fe t ine neasurements in" 'Zn and " 'Zn are rn

progress as wel l  as angular distr ibut ion measurements in66zn.
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.  3 l  ALi l tnnent of  D.ucLea? States in (p, ' t )  Reacl t iof ls on

Senithick I  z"q ete

T. Paradell is, c. Costa-, c. Vourvopoulos

The plevlously reported(1) al ignrnent of  nuclear
states af ter  (p,y)  react ion on 3-5 rng/cm2 even Zn isotopes
has been observeal in a number of other nuclei.

.1 68-i rargecs or a rew mg/cnz of  " 'Fe,  "_Ni,  "" t  t : ! t ' r

has been bombarded by 2-4 VeV protons. The anglular
tl istribution of the y-rays from the low lying states of the
resldual nucl-ei, have been measurecl. From the AD and the
khown electromagnetic properties of these states (Ji, Jf,6)
the aligrment of tha:se states has been deduced.

The result.s i-ndicate that within experimental error
the aligrunent coefficients of the dtfferent states depend
only on the spin of the state anal rernain constant in the
region of the nuclei studied. The average deduced alignnents
for the states observed in 57co, 63c,r ,  69Gu u. . ,

iI

3/2

5'/2
'1/2

9/2

B2 (J) B, (J)

-o.22 (4)

-o.4s (3) 0.06 (8)

-0.63 (4) 0.16 (3)

-0.66 (7) O.33 (19)

The observed alignment is interpreted as a result
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of the slgntgieant feetl ing of these states by
dlrect or two step y-casqades originating flom a grear
nunber of states exciteal in the continuum

+ Centre de Recherche Nucleaire de Strasbourq

(1)Paladell is T, vourvopoul.os G. (1978) ni.zil<] fo
Supp1. p.'29-30

t?r,.
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t\ Studa of the Er"n n i.kn l_94_9!!_!9ppe!_J3 
"

P. Bacoyeorgos-, P. Assimakopoulos, 
++ 

G. vourvopoulos+,

x. Aslanoqlou t

The purpose of this work is to study the 1q'., 1yi.g
qe a^ a.)  cA (o <,1 <1 4<

states in and -" ' ""- ' " -cu,  their  e lecEro-

magnetic properlies antl l i fetimes.

This study wil l further investigate the 1s14giott

between the E1 transitions from the first 3- to the flrst

2* state in the Nickel isotopes and the first g/2+ Lo t:ne

fl jsL 7/2- in Copper isotopes in the framenork of the weak

coupllng tnodel.

To this purpose the Ni(p,p-y) and cu(p'p 'y)react ions

\dere useal at Ep=4 MeV, 6 MeV but no usef\rl resrllts v/ere

obtained due to the presence of a very strong (p,n) channel.

Thus this investigation wil l be continueal through
(at 'p y)  

'  
(d,al ' r )  and (d.n y)  react ions on Nickel  isotopes

by observlng the y-rays in coincidence \,rith the outgoing

protons anal aleuterons.

Sotne diff iculties associated wlth counting rate anal

background are being plesently investigated.

+ N. R. C. "Demokri tos"
++ Unlversity of Ioannina, Ioannina, Greece
+.++University of Ioannina antl N.R.C. lDemokrltosrr
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5, YIed.aut'ements o t4ul t iDole Mit in

753.2 kev

A22 -  O.O55 I  O.OO5

A,,=O.32O+O.OO9

Ratios o Sone

49O.8 kev

Azz=- 0.151 J O.OO4

Aal = 0.329 + O.OO7

Ttansi t ional  EDen-Eoen NucLe i

S. Papaioannou-and C. A. Kalfas

|nha crrc+6h.t  i  
^ study of  the 2,  *  21 t ransi t ion

of the transitlonal even-even nuclei in the A-150 regron
shows a consistent sign of the E2/fqj mixj-ng ratlo 6 over
a wide range of nuclei. A sudden change of lhis sign occurs
erhen going fron N-88 to N=9O. An attempt is made in this
rtork to correlate the behaviour of the N=72, 74 nuclei i\r ith
the one of the N=88, 90 nuclei.

using the react ion 126r.  
{p,r , )  

126r 
the mrxing

rat ios of  the 753.2 kev a!r . '  '^-  ^ -  + -  +d 4y(J,6 kev 22 + 21 transi t lons
in t 'oTe and rzoxe have been studied,

In the angular correLation experiments a ce(Li)
detector and a Na (I) crystal were used anal the dala were
stored in a TN-17OO t4.C.A. based on a NOVA computer. The
deduced A22 and A44 coefficidnts were respectively
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and the E2ltl mLxLng ratlos:

a
6 (?53.2) =-5.8to.2 6 (490.8) =9.2+o.s

whLch Lndicate a slmilar trend.

Further yrork Ls in progress tn the 128xe, 13016, 
and

124-te nuc.lea.

+ UnlversLty of loannina
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) The Nuc l' e a.! St"uctu?e o

E. Atlamides and A.C. xenouris

The tever anal decay scheme of 96*u 
"-" 

constructe'l

v ia y-ray sPectroscopy fol lowing the 9,5-nin and 1'5-mtn

decay of ground and netastable states in 96Ru whlch was

proaucea via the 
96nt(p,n) 96Rh react ion'

Time-sequential spectra of Y-rays were accumulated

in repeateal cycles. The constructe'l decay cur:ves of about

1oO y rays perniLted the assigrrntent of these Y rays to the

decay of the ground or the rnetastable state' Fron these

measurenents and energy intensity an'l YY- coincidence data

a alecay schene of 96no was constructed which incorpolates 30

nelt states with sPin values in the range between 1 ancl 8'

iI[ asslgnrnents to the identif ied states are in progress

via the intelpretatlon of extracted logft values'
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7l Nucleat:  St tueture Studu of  
94Tc

E. Adanides and A.C. Xenoulis

The structure of an oald-odd nucleus, usually

characterized by a complicated spectrum of excited states,

cc'nsLitutes a severe test for the applicabil ity of a

theoretiqal model in a certain mass region. The study of
q,

the structure of '"Tc has been undertaken in order to Provide

the necessary experimental information for testing she1l-

nodel predictions ln the A:9o-1oo mass region.

The level and alecay scheme of 94T" u,"t" constructeal

by means of singles y r Yy-and nY- coincidence measurenents

following the "tlo (p,ny) reaction. $.lenty levels were

identif j.ed up to 2 Mev of excitatlon.

For Jn assigrunents excitation functions of slngl'e

y rays were measured at  12 energies between 5'4 and 7'2 uev.

Furthermore angular distributj,on measurenents !,/ere carried

out at  6,0 '  6.4 and 6.9 MeV. For l i fe- t ine determinat ion DSA

neasurements were carried at 7.2 l[e! . Analysis of these

tneasurements is in progress.
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91 stud!.t of 9414o 
fr.uc|.eue

-8. Adamiales anal A.C. XenoulLs

The nucleus 94Mo 
i. b"rng studied by means of

the reactl.on 94uo(p.p't) 94uo.

A y'y- coincidence experlment was done at Ep-7.8 MeV

ln order to conpLete the exlstent decay schene.

y- ray angular distributl.ons were taken at Ep-5 MeV
because at higher energies 94l.ro ,rrral"u. is also poIE lateat by
the decay of --Tc"" radioactive nucleus producetl in the (p.n y)

channel anal this contributlgn \dould not pennit the results

to be analyseal using the statisticaL nodel.

A lLlfe ttse experltnent at 5 MeV ls ln progress for

the purpoae of calculatlng the fLfe-ttunes of the populated

states.
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1) Cor"eLat ian Studu of  T?ace Elements in Skin Cance"

D.

ErEetna L r) totan 4ean P1^tr

Hadj iantoniou+, A. Katsanos +,  V.  papasot i r iou++.

Tsurpaos++ J.  Strat igos++ and J.  Capetanakis++.

The eytFrn^l brdfnn beam has been Droveai to be

a very valuable technique for elemental  n icroanalysis

by the Proton lnduced X-ray Emission (PIXE) nethod. The

irradiation of targets in air is more advantageous

especiafly for the case of non-coniluctive and heat

sensit ive samples. For this reason the external beam

method is ideal  for  the analysis of  th in and thick biolo-

cial  samples.  Skin cancerous and precancerous t issues were

analyzed and compared with heal lhy ones in order to

establ ish var iaton in the concentrat lon of  var ious t race

eletnents. The elemental analysis lras petformed by pIXE at

the Tandem Accelerator Laboratory of  the Denrocr i tos N.R.C.

ut i l iz ing the external  proton beam faci l i ty  establ ished in

this labolatory.  Skin t issues samples vrere col lected at  the

"A" Sygrou Hospi ta l  Dept.  Universi ty of  Athens. Targets were
prepaled in 3 di f ferent ways be acid digest ion and deposi t ion

on thin carbon foj. ls, by sinple drying or^by complete ashing

of the sample.  The detect ion sensi t iv i tyz var ied between

O,1-1O ppm, depending on the elenent and the interferences

from neighboling peaks and the method of sample preparation.

The results obtained so far indicate correlation between

malignancy of the skj,n t issue anal an increaseal concentration

of certain metal ic elements .
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Ntqkel and leaal t{ere the nost frequent detected eLenenrs
Ln the malLgnant Lissue samples. lrihenever lead was detected
lncrease lead concentration rdas also observed for rnost of
the cases 1n the healthy samples frgm the same person, but
wlth less concentratlon than Ln the cancerous tlssues.

A. Katsanosi  e. .xeloul is,
Nucl .  Instr .  and Meth.  13?

A. Hadjiantoniou anal R,rj. Fink,
\ r r ro,  I  ty.

A. Natsanos and A.
149 (1978' t  469

Fadji intontou . Nucl .Instr. and Ueth .

#

NRC Dqrakrltos

Sygrou llospltal of Athens

ii
8*
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tLenel l taX AnaZAsis of  L iquids by Erte?naL Beam pi te

dopn to PPB Lete l ,

A.H. Khanr,  M. Khal iquz zaman+, M. Hu6ain+, and M.

Abdullah+ and A.A. Katsanos ++

A nethod was devetoped for the direct elemental

analysis of sotutions and liquids by PIXE, uti l izing the

external proton beam factl ity at the van de Graaff accelerator

of the Atomlc Energy Center Dacca. The samples were i.rladiated

in l iquid fono throuqh a thin mylar window holding the

liquid j-n a snal-l polyethylene cup, The proton beam vtas

allowed to pass fron the vacuun into the air through a

7 }rIn Be windovr, then through an air-pat-}t of 23 IIux and

the nylar \rindow of the sar4ple cup, into the solution. Mylar

windows of thickngss up to l rng/cn2 lrere used. The X-rays

were detected at 9Oo relatlve to the beam with a Si(Li)

detector. Mininun detecCion l irnits end efficiency curves

'!re :deternined as vre1l as the behavior of sone ions during

lrradiat ion,

It is shown that under favorable conditions the

sensitivity of the method can reach the PPB level

+ AtomLc Energy Centre,  P.O.Box No. 164'  Ranan, Dacca

Bang ladesh

++ N.R.C.fDemokrt tos,  Aghia Paraskevi ,  At t ik i - ,  Greece

Supported in part  by the f  A E A, Vienna'Austr ia
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, .  Studu of  PoeBib' le Chanqe6 i ,n 1r:4ce ET,ement Concent?at ions

of 1ui .nea Pfgjs.skin af ter  A,dnini  s t  e? i t1.g Ret inoid Ro-9359

A. Katsanos, A. Hadj iantoniou - ,  D.Tsampaos, B. Papasoter iou+r

The Retinoitl Ro-9359 or AI,L-TRANS-9- (4-!{ETHOxy-

2, 3,6, TRIMETHYLPHENYL) 3,7 -DIMETHYL-2.4 ,6,8, -NONATETRAENOATE,
is a i lerivatlve of vitamin A. Recent studies, of the past

six rnonths, proved that the systematic admlnlstration of
Retinoid for the treatment of incurable up to date skin
aleseases (e.9. psoriasis, ichthyasis) lrhich are characterlzeal

by high mitot lc act iv i ty of  skin cel ls,  has given excel lent

!esu1ts.

Using the exter-nal beam PIXE method for the

elemental nicroanalysis of btological samples, the possible

change in concentration of trace elenents in the skin of guinea

pigs is studietl before and after adninistering Rettnotd Ro-9359

The results do not inalicate so far any significant
change in the concentrat ions of  K,  ca,  Fe, cu,  zn, 'Br and Rb.

+ NRC Demokritos

++ Sygrou Hosdital of Athens
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4l Studl l  of  Col t fornat ior la l  Chakqes in Bao":ne Se?un Albunin

b! Pel tu?bed Angula."  CoryeLat ions of  . (  RaAs

P. l { .  Mart in- and K. Skov '.  C,A. Kal fas

The properties ofbovine serun albumln (BsA) have
been studied extensively by a variety of techniques,
tlte results of which have been sunmarized in the review
art lc les of  peters { .1 }  and of  Steinhardt  and Beychok {2}.
In particular, the region around pH=4 has rece.ived a
great deal of attention owing to the onset of conformational
changes which occur in the molecule. The existence of thls
N-F transition region, matkihg the transition from a nornal
(N) forn to a faster migrating (F) forrn was fl-rst proposeat
by .Foster {3}.

To oua knolrledge, the only reported study of BSA
uslng pertulbed angular correfations (pAC) of .f_rays is that
of Leipert and Baldeschwieter {4}, in t,hich measurements
were made at pH 2.8 and pH 5.7 . Although no quant_ltative
analysis of the data was atternpted, the authors concfuded
that at the higher pH a definite increase lras manifested in
the molecular rotational correlation ti ine, T^, Such a
finding is contrary to a process in,hich a tiansition is
envisaged from a globular form at higber pH to that of an
ldealized ell ipsoid at lov/er pH vrith axial ratio of the
order of 1ol' l  .
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fn view of the contradictory evidence resulting
from different techniques, we have performed PAC
neasurements as a functlon of pH in the reqion of interest.

In terns of general features. the data exhibit
progressively more structure as the pH ls increased from
3.5 to 6.2 .  This agrees vr i th r  the qual i tat ive features of
the data of Leipert and Batdeschwieler {4} anil is consistent
with an increase in the rotalional correlation time. The
fits to the data Show in fact that Tc increases from 125 ns
at pH 3.5 to 312 ns at  pH 6.2.  These values are in the
region estimated by Shirley {5}. Reasonable fits to the
data could only be achieved r\ ' i th the lncluslon of the
exp (-It) termr which represented a short t lme constant
component, as sho\irn in thejfollowing Tab1e,

prf
'1 7/^

(ns) ( is)  (MHz)

6.0

0.s1t.04

o.25!O.02

o

o.2e1o. o2 46+l

o.29!o.02 17 !2

0.45+O.04 r++1

12s : :  16+1

t+tx52 2s+2
30

3i2+s5 2r!2
qo

Another general feature of Che data i"s the
lncreasing fraction of unboundll l In as the pH is lowered
lfo=unbound fraction, f1 and {' l-f1-fo} bound fractions with
tine constants T^ and ' l/). respectively. )
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ft was also found that sanples which vrere cycled
through a range of pH denonstrated the reversibil i ty of
the confornational changes, but vrith sone degree of
hysteresis.  Further work on this aspect is in progress.

The PAC results ate in contradiction with lhe
data obtained from hydrodynanlc techniques and electlon
ml-croscopy, indicit ing a significant increase ln the
rotational correlation time at higher pH. A detailed
knowledge of the binding of 111tn to BsA nay be necessar!,
in order to explain these discrepancies.

1. T.Jr.  Peters.  in i rThe Plasma Proteins",  vol .  1,  f  .w.
Putnam, ed, (Academic Press,  New york,  1975) 132.

J,Steinhardt  and S. Beychok, in , ,The proteins",  Vot.  2,
H, Neurath,  ed.  (Academic Press,  New York,  1964) 139.

J.F. Foster in "The Plasma proteinsr i ,  Vol .  1,

ed. (Academic Press,  Ne!,r  York,  1960) 179.

T.K. Leipert and J,D. Balde schlr ie ler ,  Natule 220 l '1968\ 901 .

5.  D.A. Shir ley,  J.chem. Phys. 53 (19?O) 465.

Biophysics, Brit i-sh Colunbia Cancer Founalation
St. . Vancouver . Canaala.

Physics Dept, Unlv, of Brit ish Columbia, Vancouver,B.C.
Canada. V63 1w5.

+++ Dept.  of

l ieather
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IV,  THEoRETT cAL NUcLEAR pHysrcs

1) !1ne r .sonc,rrhi i  ] todel  as: , ] !ppLied to Li .a i te! uc 1ei

G. S. Anagnostatos

The isornorphi c model ,
nost probable posit ions forn.

point  space, is here presented

anal  is  successful ly appl ied to

properf ies of nuclei betvreen O

supporting that the nucleon

a hiqh spatial sl4nmetry

on nore fundanental  grounds,

almost all grounal-state

and Ni.

The isomorphic r ,odel l -3 is in essence a shel1

modelr although it  has been developed independently of the

establ ished shel l  model,

The main assumpt- ion of  the s inple shel l  model,  i .e.

that each. nucleon in a nucleus moves(in an average potential

due to the other nucleons) independentfy of the notions of

the other nucleons is here understood in terms of a

dynarnic equil ibrium in the fol ldwing sence. Each nucleon in
a nucleus at the ground state is in a alynamic equil ibrium

with the other nucleons and, as a consequence, i ts nocaon

nay be described independently of the rnotions of the other

nuc-Leons. In part icular,  here,  we consider a speci f ic

equtl ibl iun of nucleons, \, .hich is val id whatever the law of
nuclear force may be. This leads directl-y to Leech4 polyhedra

which are enployed to represent dynamic average forms of the
nuclear shel ls,  separately for  neutrons and protons. A basic
property-  of  these polyhedra is that  the angles
^m -L ;--rr '  X=cos \-3l r ' f .(r. I) fonled by the oossible direcLio:-s of the
orbital angular nomentum vectot vrith respect to the
quant izat ion axis are ident ical  to the angles formed
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certain s l .mmetry polyhedral  axes with respect to an axis

conmon for al1 polyhedra and taken as the quantization

axis. This property permits the assignmentof the quan)Unfl numbers

anal m to t l te polyhedral vert ices. In order to

differentiate among vert ices vhich corresponal to successive

appearances of the same g value, the principal quantum

number n is empl-oyed and in order to differentiate vert ices

of neutron polyhedra from those of proLon polyhedra the

lsospin quantum number r is employed. f inal ly. we alraw a

dist inction between two neighboring vert ices of the sane

polyhedron (sane r) i .rhich both have the same set of the

three quantum numbers n, 4 and n, by uslng the spin quantum

number s. Thus the nodel perrnits, in a physical sense t

a one-to-one correspondence (isomorphism) betveen the sets

of f ive quantum numbers (n,r , ,m,s and t)  and the Leech

polyhedral vert ices. This means that a nucleus wlth kno\" 'n

quAntun numbers of i ts nucleons has a unique representation

in the isomorphic point  space. The propert ies of  th is nucleus

resul t  d i rect ly as propert ies of  th is isomorphic structure.

pr. lber i ies df  nuclei  betrveen O and Ni examlneal  in a

consistent manner using no adjustable paraneters are magic

numbers,  average nuclear densi ty,  overal l  neutron-proton rat io '

rrns neutron, proton. and nass raali i ,  quadrupole moments,

isospin synnetry, spin,parityr magnetic monents and coulomb

energies. The predicLions in almost al l  cases are \,r i thin

the exper imental  error.
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contributes

Lndependent

general. lt seens
slgnlficantly to a
parttcle model.

that the isomorphic lttodel
batter undelstanding of the

2.

1. c,  s.  Anagnostatos,  can. . r .phys.  5.1 ,  ggl  (1g?3,)

G. S. 'Anagnostatos, 
creek

Report, DEr4o i4/6 (1974,). 
Atomic Dnergy corunlssion

c. S. Anagnostatos, Atotnke
. 

rnenergie 22 , zoz (tgl.t) .

, lr. Ireech, Math. caz. 41 , B,l (1gs:.) .

G.S. Anagnostatos, !ett. Nuovo clnento, 4, SOI , tg.tA.
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the vMI Madel.

G. S. Anagnostatos

A1I extensions of the vur rAodel to fit high

spin states introduce higher order terms of (J-']o) in the

phenonenological potential usedl '2'3) ' The exclusion

of lo\,rer oraler terns, holdever, has never been jusi:if ied'

In the present work no restrictions to lower on higher

orale! terrns are consideleal. We roceher start wlth a complete

polynomial of a certain degree for the potential energy and

r.rhich of its terns are stgnificant or not for a particular

nucleus comes out by the procealure foLlowed' Fo! the 'Vast
! l

najority of knownt I rotational spectra' a fourth order

degree polynomial is sufficient.

. In oraler to facil i tate the cornparison, for the

denonstration of the present model lre choose the sane nuclei

useal in ref. 2 for the demonstration of the VMI234 nodel'

which:iscloser to our moalel than any other extension of the

vMI nodel. As seen frori l Fig. '1 the results of our model are

very good and better than those of the \tMI234 model' This ls

part icurar ly apparent in the cases of  164xt,  172tsf ,  1 '74fr f  
'

.rrd 176Hf (where the vlu234 nodel gives no realistic predictions'

since leads t4 complex energies after a celtain value of I)

and in the cases of 158Dy und 16ony {thttt the vMr234 nodel

predicts backbendings srhich are not justif ied by the

experinental data. )
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In general lre may say that the fit of the

energies alone (l ike in the vMI234 nodel) is not a

sufficient criterion to j ldge a model and rqther, in

adalit ion, the tnoments of inertia or the fit to the
-.  ^.  2diagram 2i-o- should be consi.dereal, particularly if

!,rant to have a rother reliabfe extrapolation of data.

1.  Y.P. varshnl  and S. Bose, Phys. Rev. C5 ,1770, 1912

2. T.K. Das and B. Baner jee, Phys. Rev, C7 ,  2590, 1973

3. A.N. Mantr i .  Phys. Rev. C12 ,  168- l  ,  1975.

4.  R.O. sayer.  .1.S. Srni th I I I ,  and w.T. Ml lner,  Atomic

Data and Nuclear Data Tables 15 ,  85,  1975.
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As known. the term back-bending phenotnenon
stantls for the alecrease of the square of angular speeal
(ur2) , renile the mornent of inertia (,f) increases for
some interval of ur' values. In a sLrnilar manner we define
a new phenomenon called down-bending . vJhere the nonent
of inertia (J)decreases, \a'hile the square of the angular
speed (r2) increases for some interval of r,r 2 values.
such bands appear in the cases of 96t.to, 1o4ea, 1241|o,
126r",  1 'u"u,  13oc",  132eu, 134ce. 146".-  1at i . , r  i ies^--
1\R 1aa ;L^ eclr  DY'
' - -Er,  ' "yb,  ""w ,  and rozg5 

[5ee ref .1] .

We have probeal that there is no r'ay to reproduce
such 2,t-oz plots ra'tth any addition of terms in the potenti.al
energy, as happens in the case of back_bending . It cones out

that $thRi lre need to nuiify ii *p ft"tic energl,., An. additional
tern,  i .qa{I( I+1)]z/J2 ls needed. such a tern descr ibes the
contrj-bution of vibrations to the kinetic energy. Such results
are expectable for nuclei in the transitional reqion-

.42

3r lhe Dodn-Bendinq Ef fe ct

G. S. Anagnostatos

1. R.O. Sayer,  J.S. Sni th I I I ,  anal  W.T. MLLner,  Atomic Data
and Nuclear Data Tables ,15 

,  85,  ' lg j | .
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4, Addi t ional  Menbers of  Rotot ionat spectra i tu hanoi t io idT

NucLei

G. S. Anagnostatos anal N. Siloustros -

we found that for sone transltional nuclel (e'g'

H9 Lsotopes),lf a restorLng Potential I 's deternlne'l usLng

the I'Yrast-stateE" , thLs Potentlal ln the frame work of

the VMI rnodel, Leads to adatitionaL l'evels for some values

of the angular mornenturo , r'thich are justified by the

experlmental alata.

+ Natlonal Unlversity of Atnens.

* l
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V. DATA coLLEcrtoN AND PRocESstNG

7. Ea?daate Deoelopnent and i t4aintenance

1 .1 .  ceneral

V. Katsel is ,  A.  Sokos, A. ChionakLs ,  S.  Kossionides

The data collection system suffered fron a major
disk break-down. Due to the lack of a "fast-tesponse"
channel with DEC the disk units rernained out of action for
about three months. However. the data cotlection software
t'as adapted to the DEC-Tape resident ADSS-Monitor and data
sollection proceeded unt.i l  one of the disk unlts lras rah^ira.l

Minor repairs and adjustments lrere performed on

. - The por,rer supplies of the PDP-15 and the
PDP-1'l computers.

- The DEC-Tape transport. Tv56

- The Teletype, KSR35

- The Display Controller, VRl4

-  <ai 'afrr  rFrr^d and digi ta l  NIM moduLes

The Mass Calcutatorl) was wired and tested. Sorne
changes were fourd necessary and the alevj-ce is agaln ready for'  2t
tests. The ADC Controller-' is back on the draughting board to
accommodate a generalizeal handling of coincident conditions.

1.  S.  Kossionides and V. Katsel is,  proceeding of  the DECUS,
Mun j  ch,  '1976

2. S. Kosstonides anal V. Xatselis. proceedings of the DECUS,
Strassbourg,  1972.

44
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I.2 Dead Tir ie Counter

The accurate measurement of dead time losses is

essential for the deternination of the yield of a radiation

source. The dead-time meters provided on most ADC'S are useful
as lndicators but may lead to serious errors especially with
a tine-varying source as the beam of a landem Accelerator.

For the accurate measurement of the total dead tlme

influencing a neasurement, a clevice was designed and given for

construction to the Dlectronics Dept. The device receives

the BUSY signal from the ADC and gates with it a IMHZ crystal

osci l lator to a s ix-decade counter.  The overf low of  ih is

counter is available as standaral NIM signal and indicates that

one dead-t ine seconal  has elapsed (Ft9, '1 ) .Foul  such counters

have been implemented within a doubte-width NfM nodule.

Tests rrith the device have shown that the total

losdes fron a spectrum are accurately accounteal for by the

dead !ine. However, losses lrom the net peak area, due to
pile-up cannot : be accounteal for by the dead time. Tests are

under \iray to establish an accurate rnethod for the measurement

of losses from the net peak area.

OVERFLOW6 DECADE
COUNTER

r  Ml{z
c rocK
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2. Softua"e Deuelopnent

S. Kossionides, K. Dimakou

event-by event recoraling and play-back of
multiparaneter data i lere released to the users. The Event-
by-Event Processor Module is activated from any of the
User Programs whlch acquires multiparameter data. l lhen
activated, the Processor nnls at higher priority than the
user proqr.Lm ensuring that all. data ac.luired by the ADC,S
[-.e written onto tape. If the rate is very high (>jsOO events
/sec) events may be lost but are accounted for. Also the
user progr.un l,ri l l  obtain very few events for processing,
As the rate decreases the proportion of events processed
on-1l.ne increases to lOOt at ^,75O events/sec .

Frequent disk failures resulting in a total shut
-down of the disks for the last quarter have halted the
revis ion.  and f inal  re lease, of  the ReaI Tlme System. They
have, howevet, prompted the adaptatj-on of RTS to the DEC-
Tape resident ADSS monitor. Thus the availabil ity of the
system is ensureal in case that either the Disk or the DEC-
tape fal ls.

The Real Tirne System has now reached a relatlvely
stable state. Thus iarrit ir lg of the User and System manuals
coultl start. Most system moalules are nolv documented at the
level of the User rlranual while the Systen nanual is in
preparat j -on.
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At the end of the report year the followinq

- prograns were available to the users:

Program Na-rne Dascription DOS . ADSS

PoLA General l4ult ichannel v -

4 ADC'S. al l  Per ipherals

GAMBLE Sortlng of events v 1,

4 ADC ' S, no plotter

MTGAI1BLE Sortinq of events flolh v v

taPe 
'  

no Pfot ter

cREAt4 Mass calculation and v v

sortijlg . 4 ADC' S 
'

no Plotter

Mass calculat ion and v -

sorting of events from

LqPE, rrv Prv L Lg!

MARGY Linited version of v -

POLA wtth l itt le usage

An effort is beingi undertaken to install in the

cDc 33oo of "DEMoKRrTos" a suite of programs for sortinq

event by event data. The subroutines for readlng the taPes

are under test.

- T"ITCREAM
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VI.  AccELERAToR oPERAT I  oN

A. Asthenopoulos,  N, Andreopoulos.  N. Div is t  G. Prokos

and E. Servgta-Moschoti

During 1978 the Tandem was uti l ized for a total

of 3710 hours . This corlesponds to a 769 increase over

1977. A minimum of maintenance was necessaly anal no major

breakdoirns occured in the equipment associateil with the

accelerator. The low ener?y tube which previously has

given us many problems has already been used for 49oo

hours and shows no visible signs of damage. we can routinely

operate the accelerator up to 5 Mv without any tube or tank

sparking.

A new ion source (an off-axis duoplasmatron)

nas ordersd to replace the diode source for the ProducLion

of lalge proton currents. The inverted sputter &tlrce has

continued perforrning very !re1l lttth up to a month of continued

performing very lrell with up to a mbnth of continued operation

without servicing.

A laser which was purchased for a1igN.lent purposes

can now be routinely used in conjuction with a photo-cell for

alignment of parts on lhe accelerator and the drift tubes-

ahe laser base is thus constructed that it can alternately

be used with a theodolite.
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De.salination equipment were purchased for the

cooling v,/ater of the vacuum pumps and the nagnets. The plant

wi l l  become oDelat ional  in 1979.
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VI I I .  PuBLtcATtoNs

A. Pq,pe?e pubXiehed in 1978

1, G. S. Anagnostatos

lHaxilrun Abuntlant Isotopes Conre 1at loorl

2.  G. S. Anagnostato s

Astroph.and SDace Sc.53. (1978) 227

tADgulap StFucture of  Unique Spher ical  Shel lsrr

Lett. Nuovo Cinento 22 (19781 5O7

3. c.  S.  Anagno*t  at  o s

"The Isonorphic uodel  as appl ied to Lighter Nuctei"

Ftstka 1O (1978) 59

4. G. Vourvopoulos and T. Paradel l is

t rPragmentat ion of  the gol .  analog state in 
t tCott

'  Phys. Rev. c17 (19?8) 1885

5. T.  Pa!adel I is  ,  I .  cafatrakis aDd c.  Voupvopoulos

I 'Excl ted States:r  Lo 
69c" 

obs.ov.d in the 69ce(p,n y)

react ionrr

Nucl. Phys. 4,1oa (1978, 472
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6. T.  Paradel l is  and G. Vourvopoulos

rrstpucture of  the low ly ing States in 69ce 
thr:ough

tbe (p,p-y) react ion

nhys. nev. gl9 (1978) 660

7: T,  Par: 'ade11is and G. Vourvopoulos

"Angulan distr ibut ion of  gamma uays fron the (p,y)

.  neact ioD on seni th ick 66t68zn 
t"og.t" ,

.  F is lka 10 (1978) 29

8. T.  Paradel l - is  and V. Katsel is

r rX-r 'ay f luo: : 'escence anafysis of  a i t rborn par. t iculates

in an industr ia l  Greek ci ty[ .

.  i lourn.  Radioan. Chen. 42 (1978) 153

9. P.W. Mar: ' t in,  C.A. Kal fas and K. Skov

r rHel ix-r 'andon coi f  t ransfonmation in polyglutamin acid

'obsepved by perturbed anguh co!!elat lon of  gamma r 'ays. l

Chem. Phys. Lett .  57 (19781 279

10. P.W. Mart in,  C.A. KaIfas and X. Skoi

r r i lo lecufar dynamics of  polyglutaDic acid studied by
penturbed angular correlat ion of  ganma raysr l

, t .  chen. Phys. 69 (1978) 1958
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11. E. Mavronnat I  s

12. A, c.  Ealr tas and D. l t .  Van patten

I 'Jastrow-type Calcufat ions fop nuclear natter l
wi tb the t lormal l .zbt ion Condi t  iooi i

Nucl.  Phys. A3o1 (1978) 65

t 'The 63cu (p,p-y) react ion anal  the stFucture of  63co.

Nucl.  Phys. 4303 ( ' t978) 379

i '
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N. Cindr lo,  G. Vourvopoulos,  X.  Aslanoglou, G. And)r i tsoPoulos'

A6sinakopoulos aDd B. Bakoyeorgo s

I t  The spin and par i ty of  the 10.9 Mev t 'esonance i r ,  16o*12c' .

, f .  PhYs. G. NucI.  PhYs.

A.C. Xenout is and C.A. (al fas

5 ( ' t  979) 3O9

14

t tstnuctule and direct ional  conPelat ion measurenents iD
97T. f"or 

97l{o (p,rr)  97Tc*(y) spectnomet!yrr .

'  Phys. Rev. C.

15. C. A. Ka]fas,  A.C. xenoul is '  ! .  Adamides, s.  Papaioannou

and L.  l . r .  5x oura s

! tPt 'oper. t ie s of  efect !ordagnet

states in 
94l , , tot t .

E. l lavron$at i  s

it I  tnany- fermi on

transi t  ions f ron high-spin1C

z. Phys.

some integ! 'a ls encountered ca 1cu 1at ion s

systemsrt .

J.  Inst .  Math.  ADpI lc.
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IA,  CONFERENCE CONTRIBUTIONS

1. A, Katsanos

: ' r  ADa.Iysis of  t lace elenents in biological  mate! , ia1s
by X-ray methodsr.

Invited lecture Intern. Slrmp. on
Nucl-ear AcLlvation Techniques Ln
Li fe Sciences, v ienna, 197g

2. A. C, X€noul is and A, Katsanos

t r  Elernental  anafysis of  l ight  e lements by proton

elast ic scattel l iDgrr .

5th Slmp. on Recent DeveloDments
in Activation Analysis, Oxford, .1978

; .  A.  Hadj iantoniou, A. Katsanos, .J.  strat igos and
J. Kape tarak i  s

rrCorr 'etat ion study of  t race elernents in skin cancer:
t issues by external  proton bean pIXXr ' .

5th Sl'np. on Recent Developrnents Ln
Act ivat ion Analysis,  Oxford,  1978

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



 

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



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




