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In i rodr lc i ion

ler 'pr . : :1u-

: . 'a e !e- ,e1.aa

he:rei : icus

s,  " ! .  td, ,cei

.1ai  t7. .1are'

rn nea\ i l ,  ron reacr ic.s,  the {16C,2p) react ion

prcved to be an ef fect i ! 'e _da-1' '  for  mass measurenents '  Work

cont inues with the above react io l l ,  couplec wi th neasulements

of the y-rays resr j l t ing l ron r-he dee: ic i ia i :c: l  rnt  (15o'2ot ' le)

react ion at  several  energies ras gi ' /en i r ' forrat ion on r 'he

val id i t l ,  of  the DI{BA methcd fc l :  
"he 

analysis of  q- t ransfer

react ions.  1n beant qaI.Jra ral '  sPgc:rcs '  -pt  pr :c _Lcec rseful

informat ion on the s_'ruc! ! re o:  severaL rr l ' ie i  and establ ished

the decay node of  var ious g J/2 analoque slar-es'  Tn atonic

ph!,s ics the induceC x_rai 'methoo ei the i r : i  cha!ged part ic les

cr wi- th f luorescence has been e: tensi ' ' 'e l r"  Lsed foL t_race element

anafysis in blooC a: ld t issue sam . ies,  a i r  pcl iut ion'  target

thickness measurenenis and r . 'ar ic!s cther apql tcat icns'

On the thecret ical  s13e, '1 'afk :crr ' in ied cn the extensron

of the VMI nodel  tc exclair  the raci ibe!-r ' icg ar 'c"do\ 'nbending"

phenomena in high spin states.  AppLicat icr  of  i :he isomorphlc

noalel  cont inued in hea-" ier .  n,rc1. ! .  Rear is l -1 '  shei l  rcd.ol

caLculat ions hal 'e been perfcr . rne. i  ta nuclei  : t  :he Zr regron'

The i i lportance of  ef fecr i ' . 'e 3 ,od- ' '  forces in --he sa;: 'e region was

invest igated and the co:\sr ' r rc+-rcn c:  ap'rc l r iate el fect ive operators

at the beglnnr ig of  the s-C srel l  is  !nde'  i ;a l  '

t- i: . ,. t . . a a : .: :: r : j ': :, : .' : : 
" 

:

i , : ; i . ,  t - , t : :  t ' ,  | ) : "" ,a i  a; .  ' : .araL

Y.s. . : ! t .  a ' : ' ' :  : ' . t i  ' : . :1 :  l "J3

c t  i r ' : .  
" ' !  

!a:a a ' .aa :  
' .  . ) :a a!

)€a1!.  -^ 'a?i .  aa' , i : . r ,  ie-1 a- a ' r :

cul ,1e1,. l ' . . :e .3r . . :1.a 3a. i  . : . :  t

! .1! ,  L. .  i . ; '1 l : : ' :  ! . ; . i ' : . . t

' l - " . ! ; ,  \ - r . ,  . : : . . : !aEa a. !

t " i . , : r :  . t :1: tx a. . '  s  : . . :  .
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I  HEAVY ION REACT ION S

P. Kakan:s,  E.N.Gazis ,  E'Kossionides, N.Xrroner iL is

and A. D. Panag iotou

A possibLe .ra!  tc pracC. ice neu' ; rcn-r ich nuclei  ,  such
1A

as 
, 's i ,  is  t .a !se ieact i .ns ln which bcth project l le,and

Carget are a!reacl '  neutrc.r-aich,  as for  example the '3O
1l

L'"O, Zp) ' -Si  re: ; t tcr . .  :n order to de. 'ect  the two protons

anC measure thei : .  energ?, r ' /e ha' . 'e develcped a very s imple

new neLhod, 1n ^ 'h:c:1 
6 'e ieteat t j le 2p's i l i  space- and t ime-

ccincidence in a s ingle te lesccpe, ccnsist ing cf  Agr E and

A/c s i -de"ectors.  Ccnsider inq the s inul taneous passage of

two protcns --hrcuEi ' ,h1s detectcr  system and ' ls inq Bethets

re. !at ion n/e rrr i l 'e  at  a F3r. t ic :s Indent i f icat ion funct ion,

(PI )  :
,2

?l  - '  nz '  -  -z '
- - -

""2

uhere E1/ E, are the 13: e:rer:-qies c i  t l ,e t ' tc  ?rotcns and m,

z their  mass and aiar:ge. Tl_. is ?I  funct lcn assunes the con-

t i i ruous values betrree:]  " '1" ,  (case ET- E2) and "5 '3",(E1=l E2),

for  a l l  praccical  p l rpcses. l \ 'e :xpec: 1-hen :o see in the mass

spectrum a broac j js t r ibut icr f  carrespcic i : rg tc the "  2p-

part ic ie '  qro.rp? i is t  at ter  : j . .e ' - r1_-cr,  nass.

Tc ie ' - 'e1.9 - ,ht-  n: : . . . .1 . ; .  err l . ! . ,a ah. 12c ,15o, zp) 26ug

react ion at  l l  i . . i  , l ;  )1e' .  1. . :a- ' r ] l -  3. .Erq; .  Fi . r .  I  shorrs
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a typical  rass spectrr i r ,  rn , , \ i r ra|  ? i :  c iear, !  see l1e "2p"
A

gr^! ln,  lotrnr1rr t r  r  
-<

t0_

10

MASS SPECT
ri  ,5^ 

- .  
r2c

/ \  ,  

' ' -  " ' " '

/ iA
/ i i l
/ t / l
/ r' l[ , ,
i |\Al

, '
a: ' :  : :a

i l ! , r t , .ELi ,

z-

-

UM

1i9.1 .  l \?rcal

rass si=c--f"!T.

Tie lEal{ ;arkec

"4 H' cor:."soxis

ta '-:re ' :D-parti-

c le

'a t l
a' . .

Fr(:IIr the wiC+J1 ca +ira '-lJ' .t1s-l-:r -:t:ra.i: /E a:,i--rl rt.: ::a :.1n] :rrio:.\s
to h-va v.  1 l r -  

"  . .a r  . l  - ,  - .orer.a

is consis:cn*-  , : : l :  :ha : r . : t i i r : r  i - , . ! - : i r :  ! .arr- . tp ene:gi  of
. rboLrt  38O ieV fcr  L:c - , , . rc.rn, i  

I  
: , , . '  -  s _,  , :  :  a:r  .  

-  
pa:s l : le exDla-

nat iOn f  or  the " l ia er: isst i_.aL :  i .  ._ i : -  t ._. : i t :  u:r :  r i ]c :a.us naI be
given in t .a; i t :  , i f  : l : . -  ! :a i : , .  a:-r , :  :  ' ._r t  - . r  , ! r l1 i - r .  a:  :ae . . . ; : l

prolons thrcuc: t : !  : r . j - ;_ i : . : l  ' . r : i : , : r  i : . : l  . : , r : t tata- i  j : .  j , . i t r . , r ,

which is I  Jrgcst  : . .  a,  c i :  = -  .  _ i_

L- i
ta : i
tLi,
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Fig.  2 shows +-he 2p-ener.gl  spect-rum' rr  uhich the f i rst

F1g. 2. ToLal
I

specLnm. States

of --Itg are

rndicated in the

f lglre

few levels o:  26i tg u."  cLear!y i ' lent i f ied.  Fig.  3.  exhibi ts

|,r
z
z
I

z
a

:  a : : r ' 'Yq
F .31 

' ' ,e!

f ig. 3. Angular

Cis*ributions for

c.he "4H" leavhg
26rq in it'. qtornd

ard first excited

states. s]nooLh

c-1ries are dran'ar

dlrough the datl

prrrnts.

2'  1e' , ' ie,

aa-

r

the angular distrrbut ion c i  _,he 2p'  s l= r  j  i r .  t  to the f i rs t

aHANNEi)
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,A
two levels c:  

_ ' l lc .  
T: ie : isalu: . -  crcss seat i : i is

quoted are carae.t  : r  3 l r - i l i t  la- :  Tr,a , r ! . : ra l l

shape of  1-he disr-r i i . rc i I r r  Is : . i , i .L iscen: . , f

co:npounC systen far:3t iar ,  j r  : r r , j l f . l  t r t th a. ts ja,r

studies c l  the "C- i '  s . .  st : rN : t_ s l r i r i r t , . ,  l . -x.r

-aoTc I  s.

we nave ast l : rar- ! : .1 :he - . . : . . r1 . i : : .a i i .  !he rLiss

of - ' : . jg t .  1, . .  . , i - . . r - r i  = I2a I  ' - r  ,  : rh i .h . . ,e t r ! .1 j . , j r .

we can re. luce iur thar.

f ia. , , i . . r  1. .  : :L.p. . i  ._ i i rs r- : r :  r . . :h- i  c:

2p-detcct ian i ! ' , - -  : t r : i  . r r r r r . : i : t  - :  ' : ,  j  ! -  :  L : .  ; . .  r  j .  : :  x. i :  j r , r lLa. : - , is

of  i rght  exol : ic  ] ]ucler.

'  , . , , .  ' , . . . , : . .  i  i . . . l , i . : - , r l

( l l .  ! .1.  hr i -cr . i . i j , r  i l l ,  - . ' , i - r . , :  i . , : , . ,

C-r i r : - r : i I  l -st , t r : i  .  : :1. . -1. j ,
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2. NucLe."  S i  
"  

uc. i . r 'e i . ' )a3a'aal"aa a-

E.N.Gazis,  P.Kakanis,  A.Xenoul is,  J.Xechayias and

A. D .  Panag iotou .

In order to sr-ui-v the propert ies of

nuclel away from the ! 'a1e-v ol stabrLity sr:ecial er{Teri-

mental  techr iques have 'Lc be el :?1oyed, sr lch as

mass-sepaLator,  heLlum-jet  or  in-beam heavy-1on

react ion spectrcsccpy. I f  one ! . ' ishes to study

the exci ted states of  a:1 exot ic nucLe!rs which

1s completel l :  u: ]kno'"rn the exper i r : ,e. ta1 s i tuat ion

is l l ,uch F.ore demanding, s ince ar ident i f icat ion

of the radiat icns relar-ed :c ' -he unkncv/n n. lc leus

has to be f i rst  establ lsheC.

i ie l_-3ve in i t iate:  a prolect  in order

to invest iga'-e the :1uclear structure cf  exot ic

nuclei  in the (s-d) shel l ,  for  l ih ich l 'er .y l i t t le

exper inentai  ard thecret ical  in:crrat icn is

avai lable.  I1 part icr lar .  ' 'e  s: l r . i l  s t idy nuclei

wrth 2 ' : :z: .1,  fcr  i {h ich aL: ics:  : ror-hirq 1s as yet

knorn.  l {e intend tc cbr-ain e.ergl ' - ierrel  schenes

spin and l i fe-r- ime values and neasr l re +:e proper-

t ies o:  e lectrcragret ic ' - ransi t icns.  lh ls exPe-

r i rnei l ta l  infcr i .a_-r . : r  i i i lL !e ccmprr.eC * i th new

she 11-node I  ca Lcu l r t  i ! f . :
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The exper inental  ; -echnique erp- i . jed is

pdrLic le -oo1Jro soo' t ros t r  -  rLLar- l : t ' - r ' '

ion react ions.  The ident i : icat iar  c:  t1-re y-ra1,s

emit ted f rom ar unklo*rn nlcLe!rs can be achie. . 'eC
h\,  

^6ra-r  
r  nd r r '  ' l -s,  -  , : - : : '

th is nucleus. in coincl :en.--  r i th thc jeexci t inq

Y_rays. For lh is purpcse I  scal t -aain.r  ch. lmber h.1s

been constructed, * ,hrca Der ia! ts r ,at{ i : l rm ccurt ing

eff ic iencev for !oth,  i  ar t ic le inc y,  r . . l j . : : j .ns

and also DerFi ts * ida raarge ani : ju lar  :cr taelat ion

measurements.  lor  the iden.- i : ic : t ion . :  t i .a e:r i : tac

charged part ic les ( I  J, ! -E--4/C .  c u n t  e :  -  t  e I  e s c .  l , -  e has

been used, emplcryrng t l te s-oirr-enpir ica- l ro! , 'ar  iaL, . i

r r '^r  ,  I  - t  j :  .

was neasured / ] r th Cc lLt  )  i ! i -ear-- i .s.  I :  aralL.r  to

deveLop the technic i . /  . j .  r r ' . : rst i . t , r : .d the r-6. ict : , . ,n
' -C ,  "O,Y, 1,  4.  r

at  2d !1eV inciCe:r f  .n.rq!  .  :ast  t r . . : rq i r i l  r , j  l . -Lrr j

re lect ion hrs bael  e;-r l  t , .  a.

l !00c

c!c

M ASS

r9c
CI- lANNEIS

F r . i  .  I  . l . : . , : . ,s -  r - r . r :  t ,  r  1 j  1 _lr-  r :  a :he
ir t  r: i  r- i , i ) :rL.1r. l j  r l
l l . .  a. . . rn.

=
a-"

?00

i i
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Corncident y-ray spectra t ' ;ere obtai i le i  wi th

each par_! ic le grcup appeaaing 1n the mass spec!rum

(f iq.  1)  .  The y-ral '  spectra cclrc icent ' ' '1 th aiphas

and prctc:1s are shc'r ' t : ' r  in f iq 's.  2 anC 3, respect lvely '

In f i9.  2 the d(r" i r l ;nt  1168 ler ' t  12+'c+) ground

state tLansir , ion ar,c --he , /e: ier  . i * '2+ t ransi t ion ,

re lated 1,c th.  
12c 

116c,, ,  I  
24l iq reac'- icn channel

are seen.

: : ! 1368 4 { : r  M9)

GAI'IMAS GATE0 WITH

ALPHAS

2757 r("M9)

- l
I

1,

ti':!'rb:rd;_ent cf -: iti-,h 2l

aolncide.,ce tii-:r oitjoiilr

Ei:Jttrx L- the

'1r. . aeult tll

C HAN N EL5
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Frg. I  exhrbt* .s y-ral is c.rrespcnl i . l  tc  t l - . i
27A1 

ond 26t:3 
resid,rai  1u. . - - i ,  : ro.Lr.e:  i . , r  D

and 2p emissior r"srsa._t . -e lv,  jn :he case a:
27Al 

n. ,  
" taoag 

trarsrt ror is seen, c:ra:o tha
' :u: !  i . :  f l  : .y- .  .  I

of 26ug 
tha jarrrerat  r ' , r '_ :1r-- . . : r :c1 s i , . r : i .  : :aLrs j  t ia:

is cbserva'd

3i

l
- , '  rVA 

-  ;ATE
WITH PROTONS5l : .  {

Fl.i. i . SL:rr-ru

l f5rr(r 'e. : . - '

aatnai :aaaa..  _r :

rW"ffi
r la 60c

: I ]ANNELS

! . - '  
-  

r r l r , t  ,

l ,  rJ 1.
i l  t  j r l r  " .1 .  : ! : -  I

l - )
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11

l \p:-a --o '  Ur ie-s- : . rcrLs for

exot ic nuclei  i : r  the . :ass reglon 2g:Aj36

' ,a ' r rnaI  Reserrcn

FO rno r i l

!1: l - . 'eras L1]v i -a i , , , i :1:a,s
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12

rhn 16 o (160 2o t l "  )  12c Feactron

N.XiromeriLis,  G.Vourvopoulos,  E.Kossionides,

P. Kakanls and E. Gazis.

The react ion 
16o (160,2o1t")  12a r tu"

been studieal at 28.o antl 33.o Mev incident

energies. Evaporated self-supported S. (]2

targets ' l  1,ug/cn'  th ick l rere used. A sol id

state detector telescope, consist ing of a

AE= 4urn and E= 3oop$, nas useal to detect

, ,ldl 
,,

'6oJ6o I I I
Moss Spectrurn
er"b:z8d I I

z

300 400 500
CHANNEL

Fig. l.Pcrtion

of the heavy icn

ra-;s s;ectnim frcrn

the reactiqr 
16o *16o

at lf l,!ev-
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'13

the react ion

^;  
+Lo La^i iL,

- :  
r f  i  - l ,  e th.

the rCent i f icat ion

tcamula

L'rc 6n^l  ,a;

in the E detector;r i

' r r .  - .  1-

acquis i  t ion.

JE is !he er.er.gl . '  deposi teC

'  is  t i ( -  erer.r- i '  depoci :eC

Ec, J,  E a:C E are !cur

cxPl:essian has been , .1sed

fETEC: !or  t l - .e cn-f i l1e da'-a

ed

c.

olr tsfn

a

2a-

z

- ' -

-

' ': -.1

1d.: ,  +-  l

E .3,1ve' '
g ,?5-

Fiq. 2. herEy spectnm

:,: 2')r'. :r.r *-he reacticn
1i 'r,  

i1ia,, 
2cu--) 12a

cfr . \NtL
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)a
Fig.  2.  3hc.rs . r  t l 'p icr l  - ' r -e ener.gy spectrr l r

at-  13.O "- \ r .  r r .gulaa drstr ibut i . rs h3- 'e beer1

extracted for l ransi t icars tc tha grourd sta:e

and f i rsL exc._-:  i -  '  r -  s s 'd ' l

Pigs J and 4 shcw the ex!er i : ler la l  3nquLar 1i-

str  ibutrons at  l3,  l . ie\ ' .

E As=33 Mev

N€ O. (G S)

lrr  i . I  .J lqr l i r

: r istr i i r t ic.  ! f

al_ra .::c,.rnc :: l r,a'

-  2rr- .  -
la 16

f.a.r  i . r  - '

__ 
l ic)  "C. i , r  _ ' . r ' - -Lr. t l

rt)iir,S i9 1: 1., i,,,l],-',

Pa€{ l  l  i  l  1 rn.

T
T't l
t '

ro- 'r
Lr ,  ]

20 30 ra 5a aa r l  3 l
a--

ar i  .  i  f  i r i rc

:r_a, sha ra.

. : : ;  sr , rp1 I  on
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1a

that  i ,h is reac t  ion
f7:ncfar

-r^-66;e 
f  i :  +ho clnn'F

^f : .  
n-^:r f i -16

,  .^  .^2
.rr  Lr .  r . t - l  r  r .  I  ler

l ly-T PalT. :5 15 L-1e n\ l !_.

E..B= 3 3 MeV
Ne 2'(1.63)
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Spin and nuLLipole nir ing rat . ic-s assi . l innent:s in

heao!- ion reaet ions

E.Adamidis and A. Xedoul is

fn order to test  t l rc rel i . rb i l  i ty  o '

spin and 6 values extracted from anltular distr ibuticn

rneasurements of single Y-rais etnitteal in CN heavy-

ion reacti! 'ns $e have analyzeal a great number. of data

selected from bibl iography- speci f ical ly.  A2 and A4

anguLar distr ibut ion coeff ic ients $/ere analyzed wlth

a two-dimensional program in vrhich the popoiation of

magncL.ic substates and the spin and 6 values were

treated as parameters.  wi th in the restr ict ion of

al  i , r , r r i | .nt  ,  sever.-rL-orms of  subst3te distr ibut ion

were tested- wi th aGaussian distr ibut ion f l1ost  of  the

spins and mult ipole mixing rat ios obtained -e,ere in

agreement wi t l !  re l iable resul ts extracted fron l ight

ion CN react ion data.  A systenat ic study is in progr.ess

in which we shal l  at terpt  to c la. i fy the dependence . , ' f

the s i l ,s 'Jtc popDlaf  ion disLr ibut ion on Lhe i in( l  o i

Lh.  pr '  i ' .Lr le,  fh.  spin of  Lho residu.r i  s l . r t r , ,  Jn4

ih.  ef fect  of  deexci tat ion cascad'r  f rom . tbove.
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A. Xenoul is and E.Adamidis

rhe 42ca 
nucleus has been previously

studied by means.of  
"r t  

( tuo,  2p) arrd 2?al

(18o, zrrp) react ions 1 '21 
.  t t  is ,  however,

interesting to notice that the analysis of .-v{fular
distr ibution m6asurements 9iver rather contradicto!y
resul ts.

Using an extenaled computer code in
which we treat mult ipole nixing ratios and roagnetic
substates populatian distr ibution as continuous
var iables,  we have reanalyzeal  the A2 and A4 angular
distr ibut ion coeff ic ients reported in Refs. ' , / l

,Whi le werreproduce the spin sequences and 6 values
reported t  

'z)  ,  we have obtained3) unexpectedly narrow
iridths for the magnetic substates population distr i-
but ions wi th the data reported for the (160. 2p)
re.ct  ion 1 )  .

42
Ca b5. Stud Hi.ah- in States i r l

Ueap!- ion Redet ion s

Our results could be inierpreted to
that either thele is a pronounced difference
react ion mechanisn beLween Lhe {180, 2np) and

mean

in the

{t
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reacLions, or there is a large exper i tnental  un-

certainty in Lhe (  "O,2p) measuremcnLs.

In order to c lar i fy thesc points r^re heve

undertaken a careful  study bf  the 28si  (16o,zp)

reactlon. I lor that purpose ere ha!'e bombarded

narutal  s L wiLh l5 y"r , ,  1r ' , ;  
;^n, , .  s ingIe y-r . tys

have been measured at 9Ou .:nd 55o wjth respecL

to the beam- GalluBa-.,amma coincidence spectra werc
measured with t . j ro ce(Li)  c letectors,  and analyzei l
wi th the gates placcd at  611 Ke\r  an. l  1524 KeV y-

rays ln order to id(-nt i fy the ; : l . . t r , rmacieLic

trans. iL icns i r ,  42r 
and 42co, 

r" . . ,p"" t i " ,e ly. .  , ! . . t l t  fhese
'rrc i . , : i  , r_. .  produced in the bomLardnent cf

--Sl .  hc pl . rn Lo proc-eed with th.  anqular dis i  r i -
but icn measurements.  . :

2.

R.L. l lobinson, H.J:Kln,  J.B. l4c crory,  c-J.Srni th,

W.T. l l i1ner,  R.O-Sayer,  J.C-Wel ls and J.Lin,  phys

Rev. 1lC (916) 1g22-

E.K, lvarburton, J-J.Ko1ata and J-W.Olness. phys.

R€rv.  1 1C ( '1975) 7OO

E.A, lami l r i  and A.x.r ,oul is,  unc.r l l  ,shed t( ,sul ts.3.
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E GAMMA RAY SPECT ROSCOPY

, .  : ; ;  
-

C.A.Kal fas

Ganrna-9amna direct icnal  ccrrelat ion

and coincidence techniques eip:r)y1ng Ge(Li)-NaI

(Tl)  and Ge (Li)-Ge (Li)  systems tere !sed to inve-

st igate the de-exci la l ion mechanrsr a '_d characteL
ldF

of E-\eral  .  a le5 L:  '_"S: : :  - -  ' ' r :  h e_iv

or 
,"opr 

"r  
i  

,_" , -_ 
I  - . -  ,  . i . - . .  .  ,  -  " ,1"

produced b]  (p,n) rea.t ic i  .n nrass separated ' - ' ! . }c '

Considerable i lew in lcrmat icn ccncerning the 1eve1
1J8

strucEure a-)d ce-e'_: ta:  : l  - ' .11r ' i ' -  :  -Sc t !s

obtained fron the presel-r t  dat-3.  Twc 
'ew 

fevels at

2o57.9 and 228'1 .1 KeY are €stabl ishei ,  I th l ie spins

and par ic l .s . i  . r l  i  iE ' . . r r  r '  r - r :  I . r r  2 ;  :1"rr"  r r ' :

un1quaI7 ar l . .caraL, . i I Ic I ' i  i_ ' r ' ' r : l ;  t 'd ih ' :  
" r : lg ' r '3r

correia*- lcn resJl ' -s i ra i l :ata ! i_!_ hr; :  
' : ' ! r  i ' ] is i t ive

par i ty sta+-es are r 'ot  c i  aolLecr- l \ 'e cnara' ter '

l '  total  of  22 l - r ' ] is  re!e cbser- 'eo f ' '11 'n inq l ' ' l
I  I t

decay of  5. .1 i  ' "Sm iso-. ' ' r  ' ' rhr l '  2 l  Y- 'ays : r 'ere

observed fc l lo" ' i rg the l l  : l  :s . r  er lc . leca\"

.n i  
i4! : ' .
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2. St" lactut ,e o7 
97?e 

r teLcue . ' !eternire. !  bu tho97 j , to

(p,n \ )  react ion

A.XenouI is,  l ! .Pantazi  and C. Kal fas

There exists a continued expetimental

and theoreticaf interest in nuclei in the (O9 9/2)

shell-modeI orbital.  since the question about the
theoretical interpretation of thelr propert ies has

not be conclusively sett led as yet.

We have unalertaken an experimental study

in order to determil ie the excited states and spins

sequence in - ' Ic. and measure the electlomagnetic
propert ies of transit ions in this nucleus. Extensive

mealurements of single y-rays, excitat ion functions,

Y-Y coincidence and angular distr ibution measurenents

have been performed in a bombarding energy range

between 2 and 8 MeV. Thus, the level schene, spins of

excited states and nult ipole mixing ratios of electro-

magnetic lransit ions have been determined up to about

2 MeV excitat ion in the - 'Tc nucleus. The low lvinq

states of - Tc deternineal in this work are shown in

table ' l  .  In this table the states ir,  95T", as previously

determineal ". are also shown for the shake of cqlpaLison

It  is  interest ing to not ice the s imi la i i ty  in the

structure of these two nuclei- The compression of the

excited states spectrum observeal in 97Tc compared to
:
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_-T. 
Drowidec ar dlr ier : . r j ind . :cp r^ racf  +h6

theoret ical  assunpt ions about the residual

intefact ions,  s ince rr  can 5e : lssLmei Ei l f t  Lhe

addi l ion of  two neu!rons does no: ctange Lhe

central  poi :ent ia l  cci  s iderab l i .  .

Level ener,f y

(KeV) Jr

-  -Tc 91 qq o1-  Tc --Tc or - 'Tc

o c a/2-
19 . ] r  1/2-

336 216 '7/2-

62'7 ,  324 5/2-
646 580 3 2-
6b/ 6>/ 5 2
882 '7 '72 13/2-

l .D.G.Sarant l tes and A.C.XencuI is,  phys.  Rev.

c10 (19'7 4\  23 48
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3. -Exci ted states in 8?co nb"nnrrnd in the 672.

(p,n f )  r 'e ic ! .  i . ,1,

T. Paradel l is

Enerqy - tevels ot  67Ga populated by the
- 'Zn(p,n) react ion at  p.roton energies bet$/een 3.6

and 4.3 MeV anal Lheir gamma decay qras studied.

Spins were aletermiDed r,r. i thin the framevrork of the

statist ical theory, from angular distr ibution data

and (p,n) cross-sections derived from gamma ray
in+6hci  ts iz drtsa

i-
In Fig.  '1 .  the decay schene der ived for

" 'Ca rs shown. The adopLcd spin and l ,ar i ty
assigrunents and the branchinq ratios of tbe y-rays

are also shown i lr the sane f igure. Mixing ratios

for many transit ions have also been extracted. The

I j fet ines for  '19 states jn b/Ga rneasured by DSA

method are l is ted in table 1.
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z:
! :

iln.J.

_l--

, --L-_-_-i-*;.i ioe58

I

r  r r  r  r  t I - : :

. r -  1 TL-
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i ! .  . f  
- ; - .  

a ;  . . ' : , : 'Y) a. i r : '  j l i_ '

A.G.Hartas I  G. T.  Papadopouios and P.A. AssimakcpouLos

65_LeveLs ia -_Cu up i :o an excir-at lon ererqy

of 2.7 Mev l rere studied through :he 65cr. t  
{prp 'v) .ea"t ior ]

-+ 
i .^ j , ranr-  ! : : .25 and 6.O UeV. Sinqfes- - ! -  ' - -  -  -  - ' -

] - ray spectra l rere ob!arnel  wi th a i igh r .esolut ion Ge(Li)

detector a+ 3.  =oo, 2oo, 4oc, 550, -co rr i  ooo rnd a
'I

second ,ronr Lor I  ce Li  l__ xeC r t  _.  -or . iL '  '= 9oo.

nraneir- ion enproies Fere measured and 1evels Ceduced from

the 3 -  90" sDectra wl th an acci t  acv better t lan + o.5 kev.

- ,oqrrr-n:  .Cte_ :r  r  t - -  *  = SPe'Lra.

The Ll fe- t i rnes cf  t ro levels were deternined through lhe

n^^nr67 chi f f  r f foh r :+i^n met iod by stui ! ' inq the energy

shi f t  of  y-ray peaks in the anguLar distr ibut ion Cata.  The

-.1alysis o:  a:rJul-r  : rs_r '  buL. io s . leIdeC r ' l l : loole nix lno

rat ics and Ja ,ralues for sereral  sr-ates.  The ex?er i -mental

infor:nat icn cbtained i r  th is 'n 'ork,  i \ 'he] le- ' 'e l :  ccir 'pf  ete,  was

employed to calculate reduced trarsi t i .n probabi l i t ies.

Fi9.  1 sholrs the pr. .p.sec de.ay scheme :o.  6;cu

i . .  
f  i  : : ,
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Fiq- 1. fYoposed decay schsrE for

,h

tla€&

.,o
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J. L .4='  lnAqnct.L? . . . t , . , r t . r r . , : t . r , : - . t ' -ates i ,n 63 cu

th?o'aqh the i.neLastic scat Ler":!A_a-L_!Z!!an s

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

c.  Andr i  Lsopou l  os land N.H.Canqas. l

Levels in o 'Ca, ,4,  to an exci tat ion enerqy
of 2.8MeV were studied through the brCu (p,p,r)
reacLion at incialent proton energy ED_ 5.O UeV.
Sing. les y-  spectra were obtained wi in a ntgn
resolut ion ce (Li)  detector at  angles of  observat ion
a _ no rno r-Ero ,^o ^^cy-- ,  and '1250 and a second
(monitor) Ge (Li) f ixed at €- (tnonitor) = 9Oo. fhe
l i fet ines of 18 levels were determineal throug.h the
Doppler shift  attenuation method by siudyingr the
systematic energy shift  of y-ray Deaks in the angular
distr ibution data. The relevant data ate shown in
table 1. The analysis of angular distr ibutions yielded
nult ipole rnixing ratios ancl J4 values for several
states. The experimental infornation, whenever conplete,
was employed to cafculate reduced transit ion probabil . i t ies.
Tbe results obtained are comDareal to theoretical
predict ions in the framevrork on the q,eak_couDling noale].

27
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TABLE

The experimental averaged

and l i fet ines dealuced for
attenuation factors
states in 63cu

Level
energy
(kev)

F( r  ) ' i ' ( fs)

eni : rgy

1321 .  O

1412.0

1861.2

20tr .2

2oE2 .2

2081.5

2C92 .1

22.)  8 -A

2336.5

( )  
-o7 3

o.430
o.o' i6

c -242
o.193

o.o5q
o. 047

o.523
o.\L2
0,+83

3.C46

t t -  lTLa

a -  a;42
t.  o?o
i ,  

-  
1)  .14

t)  
-  l .81

l .c?e,

ar.Lrr !

c -421
o.o3c
ci - C1'l

o-o33
t.o32

c, o16
c.013

o-o63
o-o63
c -  c ' ,7

o-02!
Q -022

C -( t?,7
t -o.)5

lt . (r .r 1

l .  -1:?.)

c.c. , r1
o-oi ' l

132' ,1 .O .

449.9
742,\

i4 l2.o

1!,r7-O

e99. I
1467 -2

1o49.2
1341 .6
201r -2

1392. '2
2Or;2.2

?54.4
2041.5

' ta5 
-6

1i30.7
?022 .  J

4E; .  '

1 :r '/ ,1 . I+
23:16-!

i - : ,O53 r  O.Ol3 640t2-t '
-  l  

' i  
t l

1'c, f  
/  /

760+190

46+6
-3

+iql . )

_1n

ta. . t  
+27

-1ts

. ,3"+i :5

-85

44 +1qo

.!1a+1?r-r

t
1
+

t

1

t
1

I

t
t
t

t

f
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TABLE ( cont. )

L ! 'v .  I

(,. 
- 

1,' )

Trans; t  ion
e nirgy
ir , -V)

F i : t T(f : r )

2 404 -  B

2497 .  I

2512.O

2535.8

2696.5

;7 76 -7
2780,4

2606 .3

IO' t1 .a
7\12.7

142 7 -5
2497 -L

2512 .  O

253s.8

'2O25.9
269-.s

2716 -7
278C.4

28C6.3

O.137 r
O. 191 t

o-142 +
o.223 +

O.152 t

O. r-)?6 t

C-O93 I
O. 137 1

o.062 t

a.3 '7J t

c-o77 \

0.o55
o-o,r1

0-oE6
o. o36

Lr.c30

ai .O25

!.052
c. j l46

0.051

c. i :7 o

o .  a.ro

tao ' "
-  30

-16

.  . ,  -+2 50

-110

2i i ;+136

-6 
j j .

> 31C

61+24
-16

> 21A

Value corrected for feedinq frcm above.

+ University of Ioannina. Greece
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6. Decau :  r ;  ._:  -  - ; l  : .

G.Vourvopoulos,  Th. paradel l is

c.  Bergdoldt+.

:  a^cr:

FoLLoring the announcenel i  c:  the

establ ishment oi  the c i  9/2 ana1.q. := jn 6:-u 1)

we l t ished to examine +-he decav sche:re.r f  the ar.a-
Iogue in detai l .  An excl tat io.  fun. t ion. / ras take]
and the gamma ray y ie ld as a fu.rctror cf  inctdent

Proton energy is shown in Fig.  1.

3000

3760 1780

z

3800
Ep (MeV )

Frg. T. Gd.ll'.la r;_:,, _\'i.1.1

ijrciCerr otctaa aaer. .

rs EY li!k:-!,.

38?0 3S4C

.rs : :.[']ction of

ihc aier.rr' .ate
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These Cata r .ere teker.  at  C];RS S|-rasbourg
and r . /ere late!a repeated in Dei-okr i tcs.  Several
long ru] ]s were taken r i th a 1OO cc Ge 1: i )
detector to establ ish r ,he decav scheme of these
resonances. Tl :e resonances fouad , ' ,e:e a f€ i r  XeV

apart  f r :arr  th--  cres ment icnei  in rei  1)  
.  An"ular

distr ibut icns weLe . .aken ior :he qround state
transi t io: t  of  sore of  the iarcer resoaa.Ices
(Fiq.1) These distr ibLj t icns indicate that  the
rescnances obser, , 'ed are not t l . .e analogue resonances
since they Cc nct  :1ave the expecteC pattern for
an M1 transi : ion.  h,e cannc: t . lent i f \ ,  any of  the
r  eSOndTcac r--  .  

-  : . -  I  : . .  -  - .  . i  r -a l  . - . .e Sr . :oS

and i t  is  possrr le t iat  ihe c 9/2 analogue state
.  in --Cu is targel- . . ,  f ragiented aronq the nerghbor ing

T< states.

+ CNRS ,  S:r .asL., : . .1

1).  LSzertr6r.r ' , .  : i '  : l  - . . . :2 I  : ,  . . : r r . : . i : , . . . :et t .2g ( .1912)37g
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G.Vourvopoulos. T. parade l l is

An exci tat ion funct ion (ptq.  l . )  eTas taken
to establish the excitat ion enerqy of Lite 9/2+ analogue
state in 55co. 

rhi ,  state is the analogue of  the 3.go
MeV g/2+ staLe in 55 Fe. The excitat ion function revealed
not a single resonance but t\ro adjacent onej:

1000

Fz
lsoo

I '"Fe{p,1)u'co

-3450 3460 :l4to 3680
Ep (KeV)

Fig. l. C,anna ray yield a_s a frmcticn of
incident proton ener.,y- The enerqy gate in
8Y,2.7 l.rev -

Previous measuremenLs 1) 
indicated ihat  only the tJr9.
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5058 6 068

29r9

0 1/2

aig.2. :lrca-t :a.g{: af _rc :/m lraq'ents

. i  ' : . "  1 g/2 ar. . l . r : . . re , :  
: :C..

most l -v to Lie i  I  src-r :C st :1te,  i te i - .bssr" 'e t l ' .eref  ore

therefore a i ra l re:1 ' -a ' - ia i  a:  ih:  -1r ,e l lqua s:ate 1n

twc parts.  Cr laul : t lc : rs : r ; i  i : r . r . ' i t r rass t .  examlne

the anoln:  cf  i . i : r . i : r : i : . -  aa r- .e l :T a:aiaqre jeaaY.

tesonance at  3,462 l . ieY inciCer" cr . ' -cn enerqy

was the g 9, /2 aaa=cque. Garra r :1-"  spectra takei

in olrr  laboratcr-1 a ' -  l ,  {62 ,  : .1 '_a anC l .  ' l r_4 vev

show that the resora.ces al  3 452 ard l . '1-4 11e\:

( i . ig.  2)  have the sa.e de.r-r .  par: !er : . /  de.a\ : ing

t ,
9/2

9/2

7/2

7/ l

i-,
1" Fe { p,.y ) ':Co

9 9/2 DECAY SCHEME

9/2
I470

8180
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8. & l '  +

c.costa-,  F.cu1ba..r t t i  . r , . ; rdo!rr  ;  a
and T. paradel1is.

,  j r .  y_r r l , ,s : , i . - t t . . l  : r
states in ra:r  i . i luf  I  r . lc la:  9ra: t . r :a. i

^l  
i  , , r .  ^  - - :

r ieasr l recl  as :  f  rncr:  I  t  a:  : . t . , r , -a-  j

Y-rays ne..r  : "e.rs,Jr . . : l  r :  . . , -  r , :
an.1 intensi t \ '  : la: . rn i . : :  : .  .

used for +-,h. . r  a,xt : r t r i l , , - - : r  . r .
th.  Cistcr te. l  p" : . \  sfr . i ! .  , .a

: . t  -  ,  l r . : . r  r  " .  
- ,

tL dn ' . . .  t .  . r  .  a"
exper iments h. i ,  e been cai t :  i  n.- ta i i  I  r ,  i  i ta ID TanCer i  r l
Str :asbcurq.  On i ine camna raa,,  ._, l9 cs h.r , . . . , ,  been
measured f  cr  l l  

- ra-  
. l l -5ai1el  .  ; . f  ter  . 'ae. i  . r  rnbardment,

rasidrel  d :_ t  . -  . .  - . .  : . .s i -  *_-sJ_1ec

' ime In.er. , ,  , , . .  .  , .  :  : t -  r I  a.  t . . t  i . l !  1C es h: , . .e bee:
also measured at  t tae 4l .  a ] l - . ! ,  ! . rbarcin.  . : , , -er"v.
PeacLron ^r . .  s!  - .  f  . .  y. - -  c, . - .T6.s
are extraCte. l  as d :unct  ian cf  enersY an_j  : ,he level
scheme for a number of  ruclel  ts au!taer l l  ,  ccns.brrctea.

,  - . . l  t  - -

i \damr. ] rs ar: l  h,  \ ia ra. i  l  r -  s

r- . :Dr.r : ,  : . : . . ! 'ergr.s

,  l l : ,  r , :  . i  r :  i  ) . ]  , raa i ls . l

: l - . r .  : - :  - : ' r  
r  -  . . . . .  .

: laa):c i l r t lcr  of

th i : . : - ! . r rd i - . . .nt
a^

I  :a: t :  s l ra r .

- i_ i r : r rcs.  
s1nr1e
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]II X - RAYS

,.. E L e n e n t e i L-!4 u 4 ! 9 r!!!, *]:.. t ;_S:t::::!::::t:J "
e rc i t.r t i .:n p-;th cr !!..!! .!: l : l :_:- i"cai r\!bl;,ns

A.Katsanos. A.gaal j iantoniou, A-Xenoul is and
++

R. Fink-

The aim of the present work is the

adaptation and 4er/elopment of nuclear techniques

suitable for practical appfications, as \ lrel1 as

Lhe uti l isatior-r of such techniques for i j lvi :st i ,  i .r t jng

speci  f j  c  pract  i .  a l  problef is.  On Lhi  n I  i  ne a nek/

technique was developed for: sample irradiation in

free air .  This Lechnjque besid.s beinq a rore

' convenient and universal methoC for PIXE analysis

for 2.19 than the in-vacuum method, i t  a lso proved

l -^  h^ c"n-r i^r  l r^m +ha 
^, , ihr  ^f  

qan! i+i ! / i+!  rn^

peak to valey rat io in the : - ra i  sp"ct t . .1)

Thin metal l ic tatgets prepared by ::acuDrrl

evaporation on mylar or carbon fol1s in our labo-

ratory. and others ourchased fron I,I fCROMATTER Co

in Seatt le.  USA-,  \ . rere used for cross sect ion

measurements ard cal ibrat ion- In other cases nixtures

of elenents f rom solut ions were ei ther deposi ted

on var ious backinqs or rnixed and honoqenized with

var ious samples fcr  the Ci f  fer . - 'nt  apDl icat ions-

F1
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Oo the other hand in crder

capabi  I i t ies of  the methoC

and solv ing locaf problems,

water polut ion,  as wel l  as
were tested.

to dencnstrar_e t ie

fcr  i r_.ves t  i . t rat inc

brcloqical /  a i r  and
1. 'ar  i  ou s cther samDles

Vat icus air  pcl lu l , icn samir les ccl lecte. l
by us as wei i  as ot .ers f ! rn ished bv the r jo l lut icn
Control  Agenc] in ! :heis , i . ,ere ai ta lYseC, as a are_
l iminafy t /crk.  Tue l { - rav spectrrrrn af  a c l :ara.-el j igt ic
sample is shoi /n in :1c,  T.

F
i
r
I

The X-:,:, s.rra--_:-r. a! ara ..rt r.,l llr:ion

sar-x--le ..1 le.t!-a --r. :i1... rF,l:r., i.5rl{i
l . re l r t  eet .c- , . ]  : . i  l  : l  -c, , .T" - , .  aet i^

'5s r  '  .  , '
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In Fi1' 2. the X-ray spectrum of a sealinent

sample from the Pollut ion Control Agency is

also shown. Another point of interest was the

determination of uranium: in rock sainples fol

the IAEA - DEMOKRITOS uranium search program.

Our conclusion was that, depending on the

presence of other elements, the sensit ivity

\ iras- usually less than 5-1O ppm for thick rock

=

,

I

5
l

sanples . which

requirenents of

Fig.2. 'Ihe X-ray sfrectnm of a

sedjrent sallllle, v.'ith a C'e{in)

detector ard 133 nrt/qn2 olastic
absor b,.r |'rotm Fhcrqy 2.O ld.ev

\das not suf f ic ient  for  the

the l r ro ject .
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qimi lar lw rha n, ! , r r \ r  
^ f :^ fg:1es -  - : -

c:m^l6c , ,c6.r  . - r  r i ro nronrr : r  ,^r  
^F 

. /  i^- iFr

r .  e,  ar l  f r r ,  .v+arh:1

PT\F 1-r_vc- lv.  
- . .e.- .s, l -e h/or\  has

haah cl-a.rad 
^h 

hr^ l^di- : '  c : - ,  16.

U A.fatsanos, A. lpn ul is,  ! , !adl . ran!ontor: ,

and K- ,1-  t  1r , {

NucI.  Instr .  and yeth.  131 (19'76) 119-124

SupgorteC ' -  :arL 5y ! 'e - ; f '  ,  .  ro:1:1e

+ I leal th Ph! 's ics Di1. ' is ic.  N. R, C.IEt lOXRITCS

++ Perr ' raneat address :C: lerListrv leaarr- :ent  Geor.r ia Tnst i tute

of Techno loqv

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



l9

A larr  e:h^c :  H- i  - . r

A. Zannis.  - !

The pu5i :c Elecr-r ic acrnpanv in Crecce,

as wel l  as var icus cther ia,s i i :u ' - icns rearuested

tLa a-^- \ 'c  c .  o ' . - - . -a. i . .  h- Iar  5 lcod.

sr-n.-< ! - -a c-sr__, a.  r

l r \ . i  nq -  -c

by asi . i - :  "  :  ' .  . .  :  r .  -o- I

t ine cor,surr :  r  4 : ro _.  .1. .+.r . . . r  ' . (  sa-)s r . \ ' l r )

re lat ive to the dra_r '1nc nethcC ' 'arc: ' , ras aboui l

O.2 pon ' r r th t l :e in i r insic Ce Cete.1:ar.  ar i  about

O.5 ppn'  ln i t1 the Si  iLt)  cre.  Bv ashrrg r-he sanDie,

however ,  sensi i i . . ' r+.1 ' i ,e1l  r€r l . ;1 'O. '1 ppr can be

achier, 'c . i  ,  as shcl ' : r  r r  i r .  1 asre : :1:st  be :a i{en

for s:arr l j :C j  z3: : f , :  . i  t : r !  lshir ,q c.ni i : icns and

cal ibrar,rcn,  Tl . :  ca:+-ent c i  O.2ppI . :  Pb is corsiderer l

normal.  Jr-  shc, i la :e iatai  l l_,a:  :he , ise af  chro:- iut"

cr i l , ical  X-!a_t 'aLsc:re:s for :  :he i ra- t  Daaks, did not

increase the sensi l r ' ; r t \ '  : . r  lcaai ,  r r : ter  ina

prel iminary tcsts,  i lo. . l  ar . ; . l  .  s is .  |  . ! .o!1e

working i :1 Leed cc:r ta; : i r r :a i  e:r . .  r raanr.--r t ,  s l_", . , r -C

IeaC ccnte. . i  r , . : t . : :er  a. I  -  ' . ; i  ; - -cr  t i  r l . r le Llcocl ,

and uo to 2DDr i l  . r : :J:e s.r : r . la: .
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Some sarples ) i  \L lnan :eFur hears r . ( re ' l l jo

a na I  vs-d Soec'--edr wi l l - l

v isual  indical , ions of  deter iorat ion shcwed
rFl : r  ivalv hidh .^h.ah. r : r  r ' -h 

^.

and Ni,

t0 '

,d

r01

tc

6

1d

'd

a .E.3r '  fe i

, ' {
: i - . -

;  l  i i , r ;
\ i  ' ; :' ! ! l1rr . {

i l i . .

' ; : . . r ' t r - :  ! \ r r r ' -  
"  - - {  -

Fig. I 1he X-ra-: srEctrLn:L o: asred n..r,ljn
bl.l:C rrlU-. a.2 9F, pb aCdel, usino an
tr'ri]sic ai je.-ecr.r :JlC 133 rp/q12
:]lastic rlsaraaEr. ?ratar Etre:.r,, 2.O ,.,!:y

However,

the fac t

obvious 1y

vrould be

th is prclec: ' r ,as noi ,  cair+- l ruei  due to

lhat heal t iy  sDecirenj !  ccul i  rct

be obtained enC ccncl . rs i . ' 'e  resL: l ts

di f f icul t .
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Other biological  sanples of  interest  analysed

were hr.rnan cancer t issue5in comparison wlth
heal thy onq' ,  fu ln ished by Dr.  R.Salpe! through
Prof.  f ink of  Ceoroia fnst i rure of  Technolooy .
Hi dh 

^^n--h+r.+ 
i  

^n ^€ 
Dr-  i  

-- - .  sore cases as wel l
as other indicat ions have n^r vF1- h.rr  . , r ' lv

evaluated.

Suppolted in part b) ' IAEA, Vlenna

+ Health Physics

HealtlL Center

Division, NFC DF0KRTIC6

NRC DF'CI(P.IIOS
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D.van Porn,  l '1.Cr-e:re1C, A.Hadj iar .Eoniou and A.

Katsanos.

Recent exca\iat ions at +,he site F!- l1t l1i

in the Pelcponnesus (Greece) unco!,ered remarkable

f  i  . . t  i  . -  c n rn Lhe Old arc \evl

Stone Age,

Fic. T. the X-.el s:E.:'.:*- a! : rr€scli+-hic

ilrnt tco, '"ith ai-.s.Lber acr tl€ Lo^'

:f.erir, !-rass cf 1.1!ht elsne-ts.

Work Le6 beer-  s -a:  ' .  -5 J o ' ) r r  to ident i 'y
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tne soure3s on the f l int-stone used for the
tools in var ious ages. Fo! th is purpose a non_
destruct ive mult ieLement t race analysis is
performed by proton ind.rced X-ray emission on
the tools and stone sanDles f ron var ious sources.

!rg,2. T1€ l-ra]' spec+.:ur cf a-1ot]€r

, iesoli  - ' .rc f l_nr rrcl ' r f  d di[ferenl source,

3gaji h'ith absor.ber for the erer,:y x-rays of
light els.ents

Two speclra ' r i th di f ferent ccnDosi t ion of
t race efement are shov/n in Frqs.  l .  a:rd 2.

+ PemEnent Md-ress:1905 pJ:Dset,elt !_1,. Sacranento, Calif.
-+ permanent ,Iddress:physrcs Depe--irlEnt, Florida A ard r universiiw

-l++ Health Phvsics !ir.'isicn, XFC DB.nKqlTfS
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T. Paradel l is

h'hcLe bLooc

c:hnl  a i< ar icd

. ,an9:es ha,/e been rnal"zed bY

x-r .ay f luorescence. The blood

by an ashing process. Fiq.  {1)

50 lco 150 200

iic 1. S-pect-!.in cf a,'l ashed bLood sanple ,

obt:.ri.,,:l '^1ti u 4tC cdTol sortce in 1co rjn

Ccncen-J i'. :r lii scnE eLaaenr,s aJe: fe 46ng/m1

Br- 522 llq,/nL ,llb= : -1a,,rir /irll , Oo:14qre/nd zn=1'7AvS/nl,

Ni =T T!r l l r -1,  S€= r. :  ' : i  ,  Pb= 25 t iq,4r1 ard

sr= 11 E-lrf.
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shows an X-:a!  sDe-Lru:-  c i  ac ashed sanFle

obtaineC with a 4nC lo9cd exct t tng source. The
quant i ty cf  the elements i : ]volved has been

measured ,Jsing a) The relat i t 'e tntensi ty of  each
photopeak tc the I ron peak, b) t :Te krown relat ive
yields of  the eiements !o the I ron obtained from

thin f i lns measurenents (see Ann. Reo. '1 975) .  c)

the known amcunt of  I ron in the sample which is

deternined direct ly f ron a th in blooi  sanpLe

obtained by deposiLirg O.5 : -1 o i . '  _e r .ood -Ln
a f i l ter  oF.er : . . i  d :  rc l>r i \ r .  :hc-?nr:^F 

- , , r r ,6
obtained from the a. ;eraqe conposi t ion of  the
samples.  Cuant i tat ive resul ts obtained have been
checked fot  some efements by neutron act ivat ion and
fcund j,n very good agreefienr_ 'r, ' i th XRF data.

Under these co: ld i t io is the detect ion l imi t  for  soine
iniportant t race elenent (assuminq a 2O r,C source,
1 'ml of  b looi  and 2C i i in co,rnr- lng) is (rn uql1OO mI
Nr :7.  Se:C.8 ,  Sr = 1.O Zr <1 \  l tgr2,  pb:2.  i .1o=3
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5.

T. Paradel l is  anC \ , .Katsel is

A ser ies cf  a i r : )c l lut ion : ] t : i rs.rra_t?nts
nas been conducted in sore .*r ] rk ing areas insiCe
the Nat ional  pr int lng bui lotng. 1ne most conta_
minated area was found tc be the sneft inq raooir
were the concentrat ion of  soie i ,oxic efements,ras
Pbr 2OO-8O ugln3 Sn:51-27u", ' rn3 sb,: , t - t {ug7*3.
Next in contaminat icn , ras found :o be Ehe Offget
room !, lacre lb rangedfl4-to I yrg,/n3 while Sn and Stl
lJele fess than i  Ugr 'ml.

'  
Tt  ! . ras icund that the s ize ol  the ai .

part iculates carry i ra pb, Sn and Sb i l ,as large e:1ouqh
that a I r lhatman 41 paDer f i l ter  l rouId t  emo\,e mcre than
98? of  these ef  e inen+-s i ron ai : :  passing thr.c. jgh them.
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1' .  ?he ete-.  .cr i . . . r  : .  :a. :3 . :  a : .

L. D. Sl ' ,ouras ard C.DeCes:

A. at tempt is made +_o explain the
observed even l ]ar i t ) '  spect! :utn and tr :ansi t ion

qq
rates cf  - -Tc.  The she1l-roCel apDroach is
fol loked anC t :e t l ree. , .a lence prctcns are
restr icted l :c the OS9/2 orbi tat .  Or the cther
hand fu]1 c c n f  I  c u r :  t  i  c : l  : r  :  s i reer assumei:c l :  the
two valence neutrcns which arae a11c,. /ed tc take

al I  EossiLIe .a. :  s : : t  - : le ' r :  
2 ,  ?s1 2 ,  1t  

3 2
ard Cq- 2 )rL.LlaIs, L\b1r r-Er.r l  I  s ' iole Dcnicle eneroies
are used in the calcula! tc:r  ,?, . i i1e the t f io-body

matiaix ele!r ,eats are Cer l r red f rom the ' ,Sussex' ,  anC
"Y; le" interactro:1s bv nea:ts cf  second or ier
perturbat ion theorr .  fhr-s,  r is inq cnlv one free
parameief ,  namefv i ,he e! iec.- i r , 'e charge)re have

reproCuced to a Ecod a.pro! i r ,at ior)  the exci tat ion
eneiagies and transi t io i t  rates of  about th i r ty- f ive
observed leve-s,  f : t  :c i i t lc : r  the calcuiat ion Dredicr-s
a nunber:  cf  lerels t :1at ,  . - 'u i te F,cssibl \ , ,  have not

Yet L,e.n exper i renL- l . l  or .er . . .  - .

+ unlvc:-_._v _ lor '
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C.Dedes'and L.  D. Skoura s

The eve:t  par i t l , ,  spectrum of 94Mo

is calculated in a basis constructed by coupl ing
the (oq 9/2)2 protcr :  tc the (Td 5/2,2s 1/2,  1d
3/2,  AS '7/2) 2 neutron conf iourat lcns.  The ef fect ive
interact lon is calculated to secord orCer anC by
al lowing up to 2fo exci tat lons.  The resul ts of  the
calculat ions are in sat isfactcry agreeFent rr i th
exper iment on both energy Lel 'e ls and tra: . ts i t ion rates

L) ur 1uc":  
'  

! ,  
'G

Greece.

Ef f  eet  | . .  . :

i { ,A.Mavronat is- i  L.D.Skc.r :as ani  a.Dedes++

The inf l , re.ce cf  the ef :ect ive t i ree-body
interact ion on lhe sDectr .a of  91T.,  931t"  

"nd 
94p,,

is studled. f ie t t ree-:cCi i . j ,eract icn is represented
by diagrams (1) iar  ar i  11t , | )  cf  f i j .  1 tooether

3:
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with the i  r .  e igh+-

accounted fcr  bv

natr i*  e le: :err is.

exal .a: loe.r IeF::s

:he;r_- is1'nf ie_,r

' ' { i rrch are not

ized t ,vo-bodv

l l
[7
I

(d)

In table 1 re nal ie a arnaairson ,et . reen the
effect ive three- i rc i1. , '  anc : ! ; . -bci , , ,  toraDhs 1 (c)  ,
1 (d) anC 1 i , - l  I  ccr : : rb i t ! lcns :cr  . -he case oa
the , i  

-  
1, / '2 stet .s. !  9 l , r , - . .  

T.- ."o contr ibut ions
iave been calculr-:"a r1 Eie sp:.e ci 2 +Lor axcitat ions
u! inE ' ! . -  S . .  

- !

j,l

(c)
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1
Three-body as ccr i ) r red

of 9 3l,to 
ir.r thc ces. .t :

-  i '  , , ,1E:a;_l 'J  the sfeclrun

Matr_ix Elener: : :5 i  L! . - r - ts. i . . ,

ic  t , ;a-rcdi

1/ : :

I  t '= I  (osrrrp) 2

I  z,  =t ,  to,q r  r  ro l2

l : , .= I  {osr, , rp)2

Ia>=)\asn,ret2

l2s1/2r )

11d-. , , r r  )

(1d5/.rr l

.111'

<1 2>

<1 3,

<1 4:

<2 2: '

< 2 3>

<214>

<3 3>

<3 4>

.41 4,

2,

a,

361

- .6rS

.181

.2/-A

- .199

.116

.0c5

. c0t

- .006

,007

-.023

4, ( i . : .
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-  -  1r 'ar  ! : .e :onrr ibu:-Lon

^f  
{h6 6F€o-r  e-F;, ,  r  - i ,c i ;ar : \ l ! /  en: l l6r

Lhan tha: ) '  : f .  r "  - l  r1 d 'a. ' ra:s.  Sir i lar  resLl l ts

have been for lnc :cr  ' .he otber states of  
93Mo 

"= " .11 o"

lor  tne state-;  a-  -c a: ]c x l .  a Lne oLner nanq

i l  is  fcund that there is a:r  exact cencel lat ion

beEwc-r L\-  Pau - :  \_ i  -dr  i rg !e: :  s o" . ra?u s (a)

and 1 (c)  ard the cor.res.ondinl  terrs of  1 ic l  and 1 (e)

-  
Im6ri^rF I lF i r16rc r \ '^ f  E6i f l , r  6\rh^n

++ I ln i \ r - re i  i . r r  
^r  

I . : .n i r :,  ,  craeece
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H.A, l lavromat is* and L.  D. Skorras

fn crder to obtaaJr a rore accurate
estrmat ion of  the ef fect ive interact ion for  t , . /o
part ic]es outslde the c lcs€d core. : . .atr ix Ctaconal izat ion
methods haye been used. Jn
has been 

"ppri"di , t i ; ; .  ; ; . t : : : : : ' : : ' " i :=": ; ' :T:"
exci tat ions for  the case oi  aLcsar i  ccre,c losad core
plus one and close.]  core Dlus t rdo Dart ia le s l /sten.
Hov,/ever due to the spece truncat lon the nethcC cf  natr ix
dlagcnal izat ion has the i isac,_,anta"e that i t  in l roduces
unlikeC term aontri ir t i  rs
rn th is work a technique . . " t : . : : " . : ; . ; : : : l ' " , ; : : ; ' " . ' t " ; l
e l i in lnates the unl ikeC diagrem ccrtr ;but ion tc theeffect ive interact ion.  The I
,u lne 

-ase cf  o.  

^ ' r lo l : i  -_ ' r ' r - ly  aDoI l

+_Anerical  Ur l i l :ers i t l ,  c f  Beirut ,  Leba:tc j . r

.  F l_\  c i -+r

.Watt ,  B.  C. Ccle 3:r l  R
4 )  435

teiead/ ?11s. Lett .  5.1B

1)N. Lo Judice,  D. J.  Rc./re
(1911) 44 and I , . , ic1,  phl ,s

2) A
( ' t  91

3) H A,Marronat ia .  r tucl .  p l . , ,s ; \ ,6 t19t3\  1 j /
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A cc:ct1: : ; l : t  .  :  . . .  t , t ) . .  .1r- : - : , : : - i -a:  at l t . '

i l .  A.  Mavrcr.rat i  s -  and L,  t .  Skouras

I :1 lh is. ! 'crk ? ' , real ist ic ' ,  shel l_model
calculat ion is at tenoted for the even Dari ty states

1C
cf -O. ; )  . ler l  ' l  re :s :cs--ed a:o : r r '  c^r t i -
guraticr. :r ixing is alIo.,red fcr r,he six 1_,alence parLicles
in t l - !e Op 1/2,  Od 3/2,  1s l /2 aid Ocr. ,  3/ ,2 or:biraIs,
' lhe t \ , /o paft ic le matr ix efenents are er i .J-ed frorn the
"Sussex" interact ion in the space cf  2 +rcD exclLat ions
by real i  t  seaord -- . je ' -€r .L:oar i  r .  Lh-or)- .  pesul tS

obtained frcm :he use cf  both exper inental  and calc1r lated
{see previous repcrt)  s i19le-part ic le enersies are to
be compared.

+ American Ltnl 'Jerst t . . r  c:  Beirur, ,  l ,ebanon

G, S .  A: .e!  nc:  +-:  tc. :

spin stat  e s

cne potent l i

^ ( l-,1,)

A ur i f ied lEs.r . i . r , ion 3:  l . r l . i  and hiEh

i :1 c!cL:1i-s1-, : r  . :  ; :a. j -q is gresented, ,* , iere

L ar,er?\ ,  is  a :a,rL-,h iegrae,:  pol \ .naniai

der j  r . : - :1 i : l_aLt:- .  a s. : l f  -ccns ist :ent  ap.! .cach
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a' ld lv lere t ' -  i r r .e:1.  - :  eJ c -s a sec-_l  r6gree

polyror La_ in I  / - '  T. . .  _- l  
-  i i : r 'ch i . : .1sical ly

a var iabLe rncment cf  i rer t raL noCe1, is appl icable

Lo sof-  a:  _ 
' .e_'-cefo reC :- .  -  -  l  ,  E- gj  .es res- lLS

which are in excel lent  agreerer i  . r i i th exDerinental

data,

!  i  : i  
J

Ra a 1- ' ; . , :  a '  : :  a : :  L - , -

c,S. ! - r r i : - .s- ,a+-.s,  J. ! : . i tzakrsl  a. :vr i ts is.

G .  S . I -nagno statc s

As knov. ' . /  fcr  l . re Cescr i r t io.  cf  rotat ional

spe.- . r )  - - -  I  I  = O -  2 t r  -_- . - - \_--  - ._ ei  - {o paranolor

modeis are used (e.9.  t re r , tUI nrodel)  For t te descr ipt ion

of hjgher spin 1e,. 'e is e1'e:1 T.cre parr : reter-  are employed.

' {e ha ^ fou:rd 'ha-,  '  - t  rgDr-!- ie o r- !ar- inaLjon of

! l  o p Lo:!  ._ " :  :  k.-o- -  erer r \ .  Lorrs r  io e,  one

parameter is suf i rctert  t r  descr i l te both l rc ' ,v and high

spin le\ 'e1s oi  a ' " /hcle grcuo of  rctat ional  nuclei .

8.

t - l )

'?r1! ]1 3: :ls  aP' : . ] : ! . i  : .1

i  c^n^r- ] r  i  -  n^. t41
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eXp6I:ne.-al  - l -_ r-  _ 
lLaCt -p 1c :o_enrS. : iL- :a i

wi th Z < 3 anC Z)6a a.e nat,  exainine. l  s in.e +-he

isomorp| . i^ : )1.1,  j r . '  .  r -=err  f  r : ,  - .  no. .

appl icable to r , i -e:- . .  i i  is  pr . )1 'ed f ,er .e that  an

exchan 
'e 

l - - r^"-r  a o o : ro l_ rec. ip:-ca:

pofyhedral  she11 is : tc l :  Der: : iss ib le and that i t  is

correct  t : iat  sone sl ]e. t f ic  Dolv j leCra are en!1oyed

t_ rerreg- ' :  .  r  L '1 r \_r-- iF s] . - : .  - ( r : -s i . - : t  i  le sore

ot l_er speci : ic  gclyheCra rreutron alrerage she11 folms.

Propert ies exar i : tea he!e are r tactcr  r r .s raaCi i  a:rd

electr ic quaCr.upcle m. inents.  Al l  ereCict io: ts of  the

model are in ver l :  ccci  agreeme:t t  ! r i :h exper inental

data.

+ L.lliverstr-.,' cf :tha.f.S

L le L!arc-_ L nl- .- :st  Lr.  o.  :  -Jeni
' l )  G.S.Ana,qnostatos,  Can. J.Phvs. n (1913) 998

2) G.S.Anagncstal ,os,  lE]1O ieport  r '1/6 i1914)

J) G.S Anagncstr t .s + be publ ished in i \TOUKER\ENERGIE

G.S.Anasncsta: , .s, , - . ! iEi iz;- i is ]  i .  x i , r i  ts  rs + +

Tt hrs be.rr : : - r l^ ,d

di f  f  erent rr ienta:rrns

:crmed by the

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



56

and the q-rrant izat icn axis,  i .  e.  lhe angles
.r  = c s __ "r-  -_l_: :_: j  . : I  .1 -

l ' . { ;+1)

the angles formed b] '  axes o:  synner_r1,  of

a high synftetry pci . j_ space (as s:e. t f ied

in ref .  1)  anc b]  e speci f ic  : i r :e i  axis taken
as tne quar. ! - izat icn a: is.  Th.rs,  ' -h is 'n]ork

provldes a oecret t icai  interareiat ion of  the
angular nomei--un c,Jant izat ic:1.  This resul t

is  of  a s igat f icanl :  t t l l )a: : :nce for the isororphic
model regarCi:rg predict icrs of  t ie sDi.s anC
nagnet ic Cipole moments.

1) G.S.Anaqnostatcs ,  Car.  - r ,ph! 's.  51 (1973) 998

+ Unr\-ersi t l  c :  i thej ls

++ Techi ical  : l r i . . .er .s i ty aa i ! :hers
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V DATA COLLECTION AND PROCESSING

: r r ing the :eport  vear the fo l lowing

were added tc the faci l i i :es of  the labo:atoryi

a.  An Incr:er1en+-a1 Plct ter  and 8k c l  l . lenory to the

PDP-15,/16 (Tolal  t lemcr_v 2, i  \ )

b.  An NS17OC I{ul : ichannel  Analyzer ' r r t th 4k of  data

area, ln i , rstr : r  Ccrpai- ib le l . lagnet ic Tape, X-y
plot ter  a:rC I :1teract ive BAS lC.

V. Katsei is,  A.  Sokos, A.Chion3kis.

The mai.  tesk of  r :he grorp renains
the maintenance o:  the data col lect icn ecr ip inent including
the cor i rputer.  Yinor construct ic: ts i t rc lude:

a.  Design cf  a!  5r . ' f  C,  2.1,  1C-l  sr ,abt l i ty  po\der supply
r .Thrch ! . 'a s prcCuceC in s:ral l  qrart i ty.

b.  Design and cc:1struct ic: , r  cf  a powe: supply for  2O-3O
- iVDC, 2A, 1a -  stabiLl l , f .

c,  A suppl i  of  IOO I . ' ,  2A :or the :1en, sD,r t l ,er ing source
anc

d. T! . /o l . t  -y: : - :  : -  j . r  ! : t .  : :  ( r .par l<plug) r , , , i  t .L 4KV, 1mA

pore Jr l1tS .
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3. Scf I ,L:er€ 3: . ' , ' : .  t ' .

S.  Xoss ioni ies,  K.Dinakou, ,1.Aslanoq1ou.

The mai:1 scf  t . " 'are ef for t_ concentrated

cn the creat io:r  cf  a r ' re.r ' r  REAL TIt lE EXECUTTVE r.rnning

under DCS V3B anC the rerr / r i t ing cf  t l :e on- l ine

software to explc i t  the neh" fa. i l i t res,  A!-  the end

of the report  per i .C t : te ic l ia" , ' rng nodules ,ere readv

and tested but nct  vet  refeased:

a) RIsi iS The fXECLlt . -E r : r ich contains a iLTETC

faci l i ty ,  keybcarC corLnand orccesscr and keyboard -

user interface, PIP-1rke taansfers ber_'r 'een af f  standard

per ipherals and nencly as i /ef i  as rur- t i : :e core al locat ion

for data f i les.

bl .  \Rr:  I  Fsn:.  -  o '  r ' .e ' .p: ;  ' - . resi  d.LSD_ay

wi lh Light I )en.  The Hardl . r :  is  ccrpat ia le r i th the XyA

Plot ter  I lanCler a] ld al lc i rs ! -he inpLenenta+, ion of  a pre-

Froct  rng \  1tN !aa_a,1,

c)  f lTG: A i :agirer,rc T:Fe HardLer for  fast  re:ording

and replayinq cf  ere! ] :  c, . .ever. t  i i - -a.  This is a f i le

or iented, DaC Tape a:ra C3rtr ,d-e ,1s/  cor:at iL le,  ro l t f icat ion

of DEC's I1TF. Haraler

d) i ; lc :  - ; .  1: : . l I . r  f . r  : ,he iDC i i l ter :ace with special

emphasis cn : , rsr ,  d .  L i  !  I  .  -  :  u f  i  .  r  I  n r  crrer. . t icn and the aLi l iLy

tc gr:oup AIC' :  i r ts cci i : : t : l . t : . :  af  . . rps is l { 'e l l  as independent

s ingl .  s (e. . . l . la l : ITi ' t l  .

e)  . i  . .  : . . . : - i :  lscr- : r : r .a let  r r , : . : :ace rcut i .es which

al low use r :  t1. :  - r  7.- . :  _ l r .a ler  : . rnct ic: ts : rcm ]1- i1CRO

or FORTRAI,  : r ra. ! r : r :  : .
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A secondary ef for t  has alsc beei  unCertaken
to organize a l ibrar l ,  c:  canrnonl l .  . rsed FCRTRAN
programs runnrng cr cur pDp_I5 or the CDC 33OO of
the Comput ing Centr :e.  The l ibrar. l ,  .cntains current ly
the fol lo 'd ing ( in parenthests,  r_ne ccrrpur,er on q,hich
rne proglan ruis )  .

1.  D.LUA (33OOl :  ut t icharnel  Data Handt inq.
2.  ANNA (15 j j loo) :  Analysis of  Y_ra_v SDectra.
3. I lANtfyf and
4. BARBYF l3lOO) |  . . iauser_Feshbacn crcss sect ion

:alculat ions.
5.  DECLY 3 anc
6. DECAY 4 {33OO) Combitetor iaf  construct ion ot

Ievel Sclt€l-}" frcm 1-y6" 4"au"
e: . tetagies.

'7 .  PAKINE 3 (33CO) :  Tbree ,cd. , ,  Cecai .  k ine:rat ics
B. '  PTI.XTPLST (3_1OC) : ine ?cjnter ptct  of  pAXT\E l

resul+-s.
9.  BRUNHILD (3jOO) :  Heal i ,  io l  i ransfer react ion cross

secr_ 1cn s iDhiBA) ,
1O, RELXII ;  {15! . j3OO) :  Retat i \ - is t ic  twc bcdy react ion

kiae_at1cs.
11 .  OPTIC I l  i j , tCC) :  AcceLe.a+_ct Cpt ics Cajculat icns,
12. l4TRfAD (3lOO) :  Subrcutr : re tc read \Sl , -OO Magnet ic

_r ' : : ' '5  
' t t  

:h '  c: l '  : loc '
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4. Ma6s Ident" : f ier

V.Katsel is,  S.Kossionldes,

The so:tware s imulator of  the ident i f ier
hFe hpah avrarci |Fl \ r  , ,c6r l  r l , , r r rn rq6,6- 

- i  
hor i^,-r

and conf l rmed the i :1 i t ia l  conf idence on the f lexibi l i ty

of the a l . ,1or i  thm

Mass spectra taken ' , . ' i th the s imulato! .  are
brescntFd ih r  hp h^: \ rv a^r co-r  i^h 

^r  
r . i  c  ror^r '

in Papers 1 {Fig 1) and 3 (Fig 1.)
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vl ACCELERATOR OPERATION

i t .  j . ' : ,  : . .

N.Aidreooou:os,  ; . ,Asthencpcuics,  \ - .Di l . is ,  c-prokos,

E. Serve+,a .

T.

Duri i lo I9,-6 the Ta:1ler , ras Lrt i i ized f  or
a total  c:  24.1C ncur.s.  Ti-re machine t ine i is t r ibut ion
rs es fc l laws,

ChargeC Part ic le I : lducei  X -r : \ ,s

Heavy Icn React: icns

Nuclear Structure Speci-rcscop).

Tne last ic Scatter inE-

- Gar. lna Raj '  Spectrc scopi

Acceleralor Suppcr. t  G:oup

'1  71 hrs (7?)

976 hrs (4OC)

659 hrs (27?)

39o hrs {16:)

244 hrs (1O?)

Certal : t  : i : r rc.1 'erents, , tere rade concerninq
the transmissicn . thrcuch the n3chi5e. At the higher
terminal  , . 'o l tages r ,he : :ansmissicn l ras smal ler  than
5O: pIaci lg strains cn the t , rbes.  !c l lo.nlnq computer
runs cerfcrmed : t  t le r . ' . i . , .ers i t ) ,  of  Oxfcrd,  i t  was
shcnn that n.1. . in.r  : :1e i i !zel  lens lcca+,ed i :1 the dr i f t
tub--  bet ' / reen tn! lec--ata nagne.-  , rnd : . tbe enlrance, cfose
to : :ne ertr : .  .  '  aa , :1 . . -  t , rbe,  t ransnisslcn should i r iprove.
Ir ie 1, iere:ct :a : ic . . .ea r le Fia:-- l  :eas gO ar f rom the tube
en!:a.r .e ai tc L! . . . i  . i i , l ,atret j  t ta i i lsnissic: t  up to BO g at  !he
fr i . l ie - .  er l1r . : i l  p. :e. : r  r ls .
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A set of lrmit ing micrometer sl i ts ' i /ras placed after

the inf lecto:r  nagnet for  separat ion of  d i f ferent heavy
ions and for l imi t ing bear i  in l ,ensi t ies.  A foutth beam
leg was instal led tc accomodate the je,rr  3O inch
scatter ing chanber.  !1ost  of  the parts required were
manufactured in our labcratory and the 30 inch scatter lng
chanber is now operat io ia l .

2. I ra_rr- . ) t_1_4., :

G.Vourvcpoulos,  O.Topikcclcu,  A.AsthenoDoulos

Fol lcwinc the successful  cperat ion of  the in! ,er ted
sputter source at  Flcr idr  State L,ni . rers i ty,  a decis ion was
taken to instal l  a s imi lar  o: te at  the Demckr i tos Tandem.
with theplans kindty suppl ied bv Dr.  Chapman o:  fSU, the
source was narufactured in l ts t ,hcle in our laboratory.
The nanufactur in:1 of  the scurce required ajrproxinately
lOOO manhours.  The spul-+-er scurce , / ias i rstal le i  in November
1976 wiLh the guidai . lce cf  Dr.  Chapran ard was s, jccessf l r l fy
tested and placed i r  oDerat ion.  I {e h: . , ,e optaineC g!.A of  O
and 7 UA cf  C- at  the Lcir  ene:cf  FaraCav cL-r  ard rre are
current ly develcping other beans . j l  c f  the s.urce. The
enuni t tance of  the so.t rce is s i r - t r i lar  tc thar-  cf  the diode
source, as indicated ! l ,  the t raas:- ission t l rough the
accelerator.
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We present ly al ternate between the diode
and inverted sputter soulce? due to the requirehent
of large proton beams for an number of experi.ments.
The switch over is performed dur ing a scheduled
rnaintenance per iod and does not require more than
a felr  hours.

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



64

]4I  PERSON E LL

:  a a:earch Sael f

Dr.  c.  Vour\ , ropou1os, D i  recaor
Dr.  G. Anagnos tatc s
Dr- P. Ass imakopc.r  l  o s
Dr.  A.Hartas (Res.Asscc.,  t i l l  Sept.19?6)
f ) i .  C, l ia l  fa s

Dr. A. Rat s anos

Dr.  E.Kossionides

Dr.  X.PaDadopculcs (Res,Assoc.,  t i l l  Sept.19?6)
Dr.  Th. Paradel l is

Dr.  L.  Skoura s

Dr.  A.Xenoul is

i ro C tc ' "  r ' : t  j i ' - j

S. aCamfd i  s

X.Asfanoglolr

P. Eakayiorgo s

J,  calanak i  s

E. cazis

P.Kakanis

I l .  Pantaz i

B.  Papae f  i_ l : : r iou

S .  Papa ioannot i

N-Xiroqer i t is

Sc:.-  ' :  -  r . .  ,  ,

Prof  .  c.Andr i tso] : r . . r l . - .  j  , . r . . : . .  ^ f  Icannina)
Prof  .  N.cangas {Lni ! ,ers i t_. . .  . :  t : . i . : . . i r - .a)
Prof  ,  A.panagictou {  J '  n i . , ,  e r .  s i  i  - , .  c:  . : :  .  s l
Dr.  A.  Hat l  lantcnicu (Dcnc{rrrosJ

Dr.  C.Dedes (  . 'n i  , , .e r  s I  :  , , ,  cf  Ia3: ! i t l - t : l
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Operat ianal  S t  q. f :

lgsgIere!e!  -9sPP9! !  -gr9!P
S. Valanontes ( l r l  I  qprr  L 19-6

N Andreogou lo s

A. Asthenopoulos

N. Div is I f rom May 19?5)

G. Prokos

H. Serveta

q9{p'g!9r _8!9s:eq!9!

Mrs. K.Demakou, B. S. Mar,hemat ic s

Ueel!!e-9beP

F .  Trouposkiadi  s

Electronic croup

V.Katsel is,  B,  S ,  Mathematic s -Electron ic s

A. Chionak i  s

A. Sokos
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Visi t inq Scient is l -s

!rof .  H. l la. , ' rcrat  j .s  ,  i , .er :cal  Universi t l ,  c !  3eirut
1a /1a_I5/12 /16

Di,  G,Ccslaf  Cent_re de Rescherches Nualef i res de

-qtrasborrg 16 /S _ 15/9/ j6

Dr.C,Doucas ,  Lr i t -ersr ty of  Orford 1a /  12-21 /12/16

P:cj .R.Fink,  c. . rg ia I l - rs._i tL: t :e of  Technciogl ,

15, '6 _ 1a/ i , / .76
Prcf .  : "1.cree.: ieIC, Flcr tCa ; .  r  t1 Ur _. ,ersr+,1.  

2) /6_ .  tg/ .76

Prcf  .  P.Hodgsc.,  Lrni . . 'ers i r - ] ,  o:  Oxfcr.d 5,19- i  /9/ j6

Prof .  i l .  l ic l l i ter  I  Ercci1a.. . . : r :  Ni t icnal  LabcratoLv

28,.16 -  5/ i , i . i . j

PrL. f  :  J.Verqr i .s ,  !n11.. : t -s i :_. .  . r f  aen:rs\ .1a. . - : ] ] i  3t  
19 _ 3l  . , . t  l l la
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1. P.A.Assimakopoulos,

hinematics o{ Lhree-body neact ioos.

Comp.Phys.comn. 1O (19?61 385

2. P. A. Assinakopoulos and S.Kosionides

Annai An intelact ive program for analysis of  one-dirnensional

pufse-height spectra.

Comp. Phys. comm.l l  (19161 3i

3,  S,E.Fi l ippakis ,  Y.Pe!,dikats is and T.parai tet l is

An anafysis of  b lue_pigDents f ron the Greek blorze age.
ajl
'  Stucl.Conserv. 21 ('1976) 143

4. L.  D. Skouras
- Eve'n pa?i ty states of  

36s

Jour.  phys. . : .2 (1976) 7O9

5. A,Xatsanos, A.Xenoul is,  A.Hadj iantoniou, and R.W-f i rk
An external  bean technique foi ,  pI 'oton- induced X-ray enissio!1

NucI.  rnst .  and Meth.  13-]  (1976) 119
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B.  D.Kern K, J.Hofstet ter . ,  E.H.,Spejelrski ,  R. t -Uiekodaj ,  l l .  K.

Carter ' ,  W.D.Schnidt-0t t , . l -L in,  C -  R. Binghan, L .  L ,  \  i  . .  , t  i  r :  e e r  ,
E,  F.  Zeanjap, K.S.E-Sastry,  A-V-Ranayya, . t . , t .  r iani  l r ,  . .  . . , r

c.  M. crowdy.

0n Line nass .s,opar.  , . . r  invest igat ion of  ihe new : : r . :  2. . )

phys. Rev- C13 (19?6) 160l
EI
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7. J.H.Hani1ton, R.R. Baker,  C.R.Binhan, E.L.Boswor. t l ,

H.K.Carter,  J.D.Cole,  R. l r . f ink,  G. Garcia Bernudez,

G. W. Gowdy, K.J-Hofstet tep,  t4.A.IEaz, * ,C,Kahter,
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New lsotope 183p1 
.nd the structure ot  193tt ;  

st"p.
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188ttg 

.nd in '1891rr ,

IZVest Akad. Nauk.USSR, 4O (1 9?6)

tedB. PaDers acee ubl icat ion to a ea? an 1977

8. c .  Dedes and L.  D.

"The even paFity
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9. L.  D .  Skou?as and C. Dedes

"The Even par i ty states of
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-  Mot

Physics tet t .  B.

Physical Rev. C
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.  G, Andr i tsopoulos and N,H.cangas.
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thoougn
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X-ray f luores cen c e.
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