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INTRODUCT I ON

During 1979 the research in the laboratory covercd
heavy-ion reactions, gamma-ray spectroscopy, thcorctical

nuclearx physics and applied atomic and nuclear physics.

In the same year an Internaticnal Confercnce on
the Structure of Medium-Heavy Nuclei was organized by the

laboratory in Rhodos, 1-4 May.

With respect to the instrumentation, a major break-
doewn of the on-line computer occured which ~incapacitated

- P Lot
imost two montihs, On

8]

this main data cecllection system for
the contrary, no serious problem was encountered in the

operation of the accelerator.

Considerable progress has been noted in the inve-

igaticn oi heavy-ion rescnances in the s-d shell. In parti-
cular , the development of a method for assigning zpins Lo
resonances in reactions with non-zero spin in the entrance

channel hasg boen carried out.

The study of compelition between exit charnnels such

&s pn and d, and p?n, dn and t, which has bgcen establishead
. , .16 - 18 o
in this Jaboratory in 0 and 0 induced nucleoar reacticns

has been extended to ;Li induced reactions with tho intention
blishing a relation between the nagnitude of such
competition and the mechanism of the reacltion.
Speciroscopic information about the structure and
electromagnetic properties of a series of nuclei were esta-
bilished via (p,nY), {(p,p viand (I.I.,x yY) reactions as well

as via offi~beam studles ol radiactive deccay.
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In the applied physics the perturbed angular
correlation method continued to be succesfully emploved to
the study of molecules with biclogical interest. Furthermore
in addition to the PIXE and XRF techniques which are rou-
tinely employed in this laboratory, spectrometry of prompt
Y rays emitted in nucléar reactions has been investigated
as a mcans to obtain the couantent of light elements in

samples of intercst.

In theoretical nuclear physics , shell-model studica
in the A ~30 mass region have progressced in parallel with
corresponding experimental work carried out in this labora-

tory in order to establish the shell-model nature of the

iuclear states in this region.

The isomorphic model has been extended to give a
geconetrical explanation of the quantization of angular mo-
menta and a symmotyy description of the independent particle
model,

The influx of visitors from abroad for experiments
ch our Tandem as well as visits by our sciontists to

=
other laboratories, was found again to be very beneficial.

The dedication and quality of our technical and
administrative pcrsonnel, this hidden variable in the conti-

nuous progress of the labcratory, isespecially  acknowledged.

George Vourvopoulos
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I. HEAVY ION REACTIONS

_r S _ coar o, B .
Spin Laogignmenls ol Resoncrees inm the " Be + 0 Syatiar

X. Aslanoglou, €. Vourvopoulos, G. Andritsopoulos',

Il

+ot o
E. Holub and D. Pocanic .

. - 9. 12 . . S
The study of "Be+ "C system was continued in

crder to assign gspins to the resonances fovnd at energies
ECM=7.4, 9.73 and 1.4 MeVv (1). The usual methods of fitting
the sguare of a Legendre polynomial (P2?(cos wjor a series
of Legendre polynomials to the angular distribution data

with the nurpose of oxtraciing gnin values doasg not apply
} SR AN v B4 Lg mIin waluog aoag ngc amnl
. 9 12 . .
in ithe Tied 70 esyrotom, Thic 1o dun ho the evigtenco of non

zeroe spins in Lhe erntrance and outgolng channsls., & now

- — s
Y caeed Oon o =Hinrtt a

Ltechnicue therciore was developed

Biegenharnis formalism.

! Angular distributions were measurcd for the
. 12,9 17 . oA .
reaction Cli B, o) G at the energics B = 7.4, 9.7, 11.4

Chi
MV {on resonances) and E ..=8.0, 9.14 MaVv (off rezonancol.

The sharme of the angular distribution of &lpha
e = E

. . . oo ot 17
particles populating the E_=0.871 keVv {1/2; state of 'O at

the resonance cnergy E,,,=7.4 MeV (Figt) is best reproducad

by the calculatced shape of the angular distribution for a

res . . ,
J°°7 217/2. Also the shapes of

-+
~
[
oy
o

[Ea]
o
e
fur
=
jal}

-

1t
=
'_l.
tr
[
‘—r
o)
jnd
i
O
Hy

. - - ‘?r\ ’ 1
alpha particles populating the same state of O at Lhe re-
sonance energies E 9.73 and 1. eV agree with the calculated

TS _45/2

cM™
shapes of angular distributicns for rescnance spins J

and 17/2 respectively (Fig.2 and 3).

Hernce , we propose the spins Jreszi?/2, 5/2
and 17/2 for the rescnances located at energics HCM: 7.4, 9.73
1 -1

. g 2 .
ard 17.4%eVin the “Be + C system. DWRA calculations for a

5 12 .,170

. , 9. . . .. ‘o
He cluster transfer in the “Bet+ “C-a+ reaction give cualita-
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tive agreement with the off resonance angular distribution
data.

+ University of Ioannina
++ R. Boskovic Institute, Zagreb, Yugoslavia

(1) TANDEM ACCELERATOR LAD "Annual Report 1978, B.3
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Resonant Behavior of the C+" Mg O

v + v .t
G. Vourvopoulos, X. Aslanoglou, R. Caplar and D, Pocanlé

The resonant behavior of the 12C+24Mg system
2

. 36 . .
leading to Ar as composite svstem was studied at the

energy region of g ..=12-16.7 MeV, via the reaction

24 12 32 e :
Mg( “C, g S. Existing data at higher energies by Cindro
1 ,
et ali ) established a number of rescnances at that enerqgy

- 3 3 + R R T A o ¥ d ( 2 } -
and ingloctic gscatioring Sata by M. Mcormaz ok al ot the

—_ e P e - T s — I b - A= e ] L. la mx=d
ert'.r\: _i’ .rL_LJ_L.G{j AN ]__: - -—1 3-2€} :‘jC"V’ oA Y oL J_L-DC’;J.R—L J.t ).)\_,-'}.I.‘..-{ v J_\_-r
of those channels. Our aim was to compare reaction

o
data to the elastic and inelastic oncs at the sance CT.M.

4
The target nsed was a highly enriched 2‘Mg 100uq/cm2

12 44,5+

foil which was bombarded with C beams, The detecting

system consisted of four single solid state surface barrier
1 , o o ..0 o

detectors placed at the angles @I= 107, 307, 507 and 70,

The dectectors were covered by Al foils thick enough to stop

. 12 :
the elasticly scattercd C particles.

Lxcitation funclicns obtained for o, and o
1 o]

particles at the mentioned angles are shown in Fig.1 .

Correlated ancmalies are cobserved at the energles of ECW=12'3'
14.3 and 14,8 indicating the existence of resconances.
Angular distribution measurements obtzined at
. . . 2 .
resonant energies  did not show a single P77, (cos &) behavior,

[ad
A
This could be caused by the larce interforence introduced by

the non resonating background.

+ R, Boskovic Institute, Zagreb, Yugoesliavia
(1} N. Cindro, et al. Phys. Lett., 848 {1379) &5

(2) M. Mermaz, private communication
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. . C s 1¢ 14 :
fesoncrees in the O+ O Sysitems

+ + +
G. Vourvopoulos, D. Drake , J. D, Moses , J. C. Peng ,

N. Stein+ and J, Sunier+.

If resonances that arce observed in heavy ion
systems in the s-d shell are indeed resonances in the
compound nucleus formed, then one should be able to excite
these resonances utilizing different entrance channels.

30

51 is one of the few nuclei that is amenable to such a
e 18 12, 16 14
study, utilizing the o - C and o - C entrance

systems. For both ontrance svstems dhere je no comnlets

4

complementary dAats The availahility of o C hoam 2t Ilog
A s A
. . . e 14 . .2
Mlamos e 2ible the study of the recaction 0 Yo, ®

A excitation function was teaken (Fio.1) irn the onargy
gion Eth 1227 MeV
i

re Jdos were
observed in the excitation function of the ground state
Ll

and o number of anoma

-
1 e Ca - 26, s - . .
nd first excited stalte of Mg, For several of these ano-

ol

malies angular distributions were ta¥en which are indi -

cative of &L= 11 resonances,

+ Los Alamos Scientifie Laboratory, Los Alamos ; New

Moxicg
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n . g 13
Searck For Resconances in the “Be+ "( System

e +
X. Aslanoglou, G. Vourvopoulos, D, Podanic , E. Holub

Excitation functicen data obtained f£or the

18

reaction 9Ee+13C+cﬁ 0O in the energy range of E 4,412 MeV

Cr-
at four aungles showed many oscillations of the differential
cross scction which could indicate the existence of reso -~
nanccs in this system. This year we completed the analvsis
of the data looking for correlations of the anomalies

appearing in the individual excitation curves.

I'he absolute deviatilon function was used as
criterion for correlations of the anomalies between indi-
vidual excitation function measurements, defincd as
o4 (E)

' D(E}] = = : =1 o—c ~ 1
_il=l‘<0i(E)b [

An absolute correlation function of the type

o e 5 g : <C, (E) cj(E)> - < CE)> < Cj(E}> ] ;
= T J i - 1/"-
T_ ‘:i'ﬂ A! :"_(ﬁ n 2\_(_’ 2’1:! S L e ;._-L L
N(N-1) 1,421 {{<C, “{B)>meCy () > A (E) CCj HES
i»g

L]

was also used where the indices i and j run over the N=§
excitation functions measurements and <Ci(E)>represents the
average of 0. (E) in an energy interval of AE=3.5MeV for D(E)
and AE=0.5 MeV for C(E).

Both deviation and correlation functions show
maxima at the energies Elab=10.0, 12.25, 16.0 and 21.5 (Fig.1)
which correspond to the maximum correlation of the anomalies

between individual measurements,
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Thus, therce are strong indications for the
, . 9 13
exigtence of rescnances in the "Be+ “C

energies of EI = 10.0, 12.25, 16.0 and 21.5 MeV.

system, at the

. , ! , .
+ " Rudjer Boskovic Institute”, Zagreb, Yugoslavia

13
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L. . . . 1z 18
Comratiiion hetwean Tecproduct Chaonvels in O awnd VO

’ . . . +
E. N. Gazis , A. C. Xenoulis, P. Kakanis, A. D. Panagiotou

++
and I'. Bucurcscu .

Competition between isoproduct exit channels, such

2n dn and t; and on and ad; producing the same

residual nucleus has been identified and measured 1n severa
1GO and 18O induced nuclear reactions by detecting discrete
Y rays in coincidence with light charged particles.

The ratio 0133‘1/0(1 in the reactions ‘12(34.-‘1 60 and 15C+“SO
was meazured as o a funatjon of bombarding encrgy betwsz=an Za.0
and 37.5 MoV, Corregponding Hauser-Feshbach calculatiors gave
Fusuils  in very good agreement with experiment. Isoproduc
channel competition was algso measured in the Iouufﬁﬁ’:?607160,
?FA1+160, 2881+ﬁ60, 1604180’ 180+180' 19F+180 and 285i+180 ot

severas ]l bombardmant energies in the range between 27.5 and 24

MeV,

The results cobhtained point out that the iscproduct
channel competition depends on the kind of the nuclel partici-
pating in the reaction, on the bombarding energy and the nature
of the final state produced. These data demonstrated that
isoproduct competition constitutes a characteristic nuclear
property the magnitude of which is amenalkle to measurement,

It is also concluded that for a proper comparison botween expe-
rimental and theoretical cross sections of heavy-ion reactions

the emission of d and t should be explicitly Ltaken into account.
Y

e
++ Institute for Physics and Nuclear Enginooering, Bocharest,
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Study of Isoproduct Channels in 'Li Induced Reactions

—

A. E, Aravanlinos and a. C. Xenoulis

In a recent publication a method for the study of
competition between exit channels, such as pn andd or

pP2n, dn and t, populating the same residual nucleus in

. . . 1 L
heavy-ion reactions has been proposed ) Competition betwsen
1

18

. © _ .-
such charnnels was measured in several 0O and O induced

A

. 1}
reactions .

In +tha prac s o rqy +heae iritractkdieoeatriman hsae Roon

o cxaent study the investigation hacs heen

fooused 1L17L3 induced reacticons which heveo zome intero -
sting particularities with rcespect to their reaction ne-

, - , . , , Y S
chanism. In order to male a systematic investigaticon in 'Li
. - . . T I S S 7., 30,
induced reoactions the reactions Li+ "¢, Li+ "0, Li+ 521

7

and £i+%%2n were studied with beam cnergies around 17.0

The technique used was that of particle-~camma
coincidence. Gamma-rays enittced from the decay of residual
nuclei by the pn or &8 and p2n,dn or t exit channels were
measured in coincidence with protons, deuterons and tritons
from the mass identified spectrum. A 18% efficient Geli
detector was placed at ag® angle with resrect to the beam
(solid angle dgy ~1.8 ster.) , while the particle detection
system consisting of a AE-E telescope (150 and 3000 um

thickness) was placed at © =15% (s01lid angle dop particle

lab
=225 mster}.

r3

he ratic of gamma-~ray yields in ccoincidence
with charged particles represents a measure of the ratio
between differential c¢rouss sections of the corresponding

isoproduct channels. Some results of the measured ratios
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arc given in the following table.,

In order to obtain the ratic of angle integrated

crozs sections, angular distribution measuvemenls we
. , Fo. 12 7,16 ] . .
talken for the rescticns Li+ “C and 'Li+' “0. The angle of the

; - ' o )
teloscops covored a rande between © b:10 to 807,

la
In these measurements an anlsotcopy of whe ratio
g @ fupcilion of the charged particlce angle WE D
diztribution measured for thoe 331 key
renidual nucleus in the reaciion

S “ W cr1e N e 4o
I8 sNnown In <2149g. i o osuely 4 Cass 11

which the relivive dififerential yields of pn and d exit

channclds are not isotyopic the angular correlation of cach

channal choeld ke considered separatcly in order Lo obitain

Che patic ol angle intosurated cross sections

Iy vig. 2 vie show the angular correlation ~f tha
pP-2n1 moev oand o~351 keV coincidence raie for Lhe o-adiion
i G 7o, 2/}” 5 - . PR o
' Q{JLI;WM/%) Ye, I sccond order polyromial was fitted

. :

-

to the cxperineontal peints, The ratio of angle integrated

oreze sectiones is givern by the formulas

S0 “
fo fpn ({ic) ldc_

S S
! .d(\hc) ﬁ\c

wher e fpﬂ and fd are the second degree _ wpolyne

o
e
t

pr’ oG
It ghouwld be mentioned that in this calculation it is

21

; . 16,7, . :
assuned theat the reaction GO( Ll,pn/d) Ne has nainly

compound nucleus charactor.

his procedurce it was found thai do  /do. =5.640.71.
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woe off THe

possibility of "Li Coulomb: bireoh

rening are under furthor investigation.

Xepowliie, T, N, Gazis, P. Kakzniws,
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I1. GAMMA RAY SPECTROSCGPY

P. Bacoyeorgos+ , T. Paradellis , P.

w
~

The purposc of this worl

r

C e +
Assimakopoulos

20 study the high spin states

i
of the odd Ga isoctopes using 'Li as a projectile and the

aeven Ni lsotopes as targets,

The Tuclealr reactions arc:
58 7. 63
YN ! Li, 2ny) Ca
) I S 65
*Oni {"Li, 2ny} ca
62, 7. &7 .
Ni ( Li, 2nvy) Ga
Tnitiall ; Cexcitation functions

soven cneraios:

F

= 5,14,13 Hev
LI 5,14,13 Mel

Then a y-y coeoincidence expcriment ftook

T 4 67 . .
(1.1, 2ny) Ca  reacltion.

Angular distributions were taken at ©

O o O O O

— — - O
0,307 ,407455 7,70 1

- PR
.90, 110", 130"

They were used to define the spine of
. - 67 . . , -
states ol Ga and the lifetimes of thew by

Similar work concerning the other two

progress.

o]
—
-
o)
=
N
R
o

the high spin

D.&.A. nethod.

the

reactions is in

+, University of IQANNINA and NRC "Democritos™
4+,  Untiversibty of JOINNINA
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Struciure aurd Elecirvomagretic

+
C., 1. Papadopoulos , A.C. Xenoulis, P. Bakoyeorgos

, . +4 ++
G. Andritscpoulos ', P.A. Assimakopoulos , N.H. Gangas

and A.G. Hartas

. 63
The levels and clectromagnetic properties of an

were studied via spectirometry of prompt vy rays emitted in

63 . 3 . .
the reaction Cua (P, Y) Zn at bombarding cnergies

[aal

betvesn 5.0 and 7.8 MeV,

Tile Icovel aud decay sonendes of 211 were Constciucic

Trom sgingle y-ray encoyy and Lbhtonsily e

coincidence cxperirments, Twenty 1Tive axcal

MoV have

Multipole wining ratics of wixty eleciromngnetic
L]
tranzitions and opin and parity values of all the identified

cxciled statos were delormined from sincls y-ray angular

Lsiribution mezasurorecnits with the aid of thse Hauscer-TFeshbach

|—d
o
H
e
]
o
A

]
i
[N
~
-
]
mn
.

theory for compound nuclces

63

Life times axcitad in 1 owore  obrbainesd

from Doppler—-shift-aticnuation measurements.B{OL} valucs

for many transitions wcre also obtained.

+ National Technical University, Athens

+4 University of Icannina
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b R T R et e I = =3 ~r .
E. Adamides, L.D, Skcuras and A.C. Xenoulis

W

The ctructure of the T nucleus

, s 4 .
via the Mo (p,ny) resction. For theo

SR Gligrgd

show the lovel and decay schenc of ““Te.

mental propertics of Tc¢ were found

£
satisfacteory agrecmont with relevant shell rodel s}

~odicli

one.
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, . o . b4
Structure of Low-Lying Stcigg. 1in Mo

E, Adamides, L.D. Skouras and A.C. Xenoulis

In the present study the electromagnetic properties
. 94
of four low-lying , low spin states in ~ ‘Mo were determined
utilizing spoctromelyy o0f prompt v rays emitted in the
. . 94, ., - B4 % - . :

reaction MO(p,p7) Mo {y}) at 4.8 and 5.0 MeV bhombarding
energies. More specifically, mixing ratios of transitions
and lifetimes of excited states were dotermined Ly angular

distributions and DSA measurcments of single v rays.

The experimental properiies were compared wilh the

LS, R B R A Pl
R, R -~ o bt e . R
d-model caloulotions . In tne Lirst

two neutrona

S, . g end o, ,, orkitzls, In the sccond caloulalion we
u,,i/gp 3f2 ég/Z el < -+ L
have assumed a ‘5r core angd distributoed the fourn valence
protons in the p, ,, and g, ,, orbitals . The two valence

|/¢. 'J,'2
neutrons wore reskriciced o be in the and orbital.

o
5/2 1/2
The gpecira obtained from the (wo calculations are compared

with experimental resulite in Pig.1, From the two models

employed the first produces better agreemant with experiment
on transiiion rates while the second calculation (see Tig.1)
can acccount for all the cbescrved levels . A merge of the two
model spaces appears 1o be the natural starting point for a

: . g4
morc extended calculation of tha structure of “Mo.
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282 4”

262 2

s g 3
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easurements of Muliipole Mixiwng Ratics in Te

(20

- +
5. Papalcannocu and C.A, Kalfas

The systematic study of the 22++21+ transition
of the transitional cven-even nuiclel in the A=150 region
shows a consistent sign of the E2/i1 mixing ratio § over
a wide range of nuclei. A sudden change of this sign oCccurs
when going from N=z88 to N=90., An atlempt is made in this
work 10 corrclate the hahaviour of the M=72, 74 nuclei with

the onc of the N=88 , 90 nuclei.

. v 124_ 124
uLaing e reaction TR AT 1 TRC MixXing
. - o . z2a
ratios of several AJ=0,1 transilions in Tc have been

sltudied.

In the angular correlaticn coxporiment

’
detector and a Na(l) crystal were used and the data were

stored in a TN-1700 ¥.C.A. based on a NOVA computer. The de-
duced A22 and A44 coefficients were used to determine multivole
mixing ratios and to assign spin values in several energy levels,
Further work is in progress in 128Xe

+ University of Icannina
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I11. APPLIED ATOMIC AND NUCLEAR PHYSICS

. . . . ++
P, A.C. Studies in DFA and DNA (C:; J

- w £l
C. A, Kalfas, E. G. Siderisj 5. Elkatelb, P. W. Martin
* &4
and M. Kuhnlcin

The technique of perturbed angular correlation
of vy-rays has been used in a varielty of studies on EPiclogical

macromolecules {1-5}. Information on rotaticnal correlation

ime conformational transformations and molecrnular slruwstitre
r

il

has been obtained from these measurements. Recently Visg et

al {0} have reported studies of DNA between pH wvalues 6 and

B ) Ti1m
8 ousing Cd as a label.
111
In certain situations it has been shown thoo in
. 119m . . . Y
can be usad in place of Cd with identical rezultes {7}.
fhen relative cffecls are being investigated, cuch oo the
1

tection of conformational transformations, changss in the
molecular rotational correlation time should be raeflescotad in
the measured perturbation factors. Furthermore, moasurcrucnls
of the rotational correlation time, TC, can be important

for the development of dynamical modela of bioiogical macro-

. o
mclecules. Allison and Schurr 18} have recently develoned a
model of DNA in which torsional motions carn account for the

rather small valuc of T (28ns) obtained from fluorescence
depolarization measurements {9} The presenl work was initiated
: : 111, ;

in order to evaluate the potcontial of In as a probe for

such studies of DNA.

Angular correlation measuremcnts wore performed
P I )
on the 173-247 keV transitions in Cd foliowing the decay of
111 : . 111, : :
In. Binding of In to DNA could only ke achieved balow

about pi = 3,0, where DNA is single stranded. At this low pH
the DNA undergeoes a mild acidic degradation during which even

the lagt ¥

tT‘
&

—

o the tire chains ares
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broken and thus the DNA molecules are in the form of

single polynucleotide chains {10},

The results presented hers were obtained with
the computer-controlled angular correlation apparatus at
Demokritos. Samples contained 170 ug of calf-thymus DEA

per ml in 5SmM NaNO,, i.e. 5 x 1OF4M DNA-(P). The 1 In
111~

was added as lnhv3 in dilute HC: , the final pH being
. R
adjusted to 2.8 by the addition of NaQil. The In con-
. . . . -12 ,
centration in the solution was less than 5 x 10 M; lhus

the ratio of molar concontration of the metal over the

moelaxr concentretion of DNA~(P) was cf the order of 10

T T U SN P R SR T S o - Ky .
At thals retio of concentrations no effeoot f netals on the
2 - - - M 1 - —~ | 44 1 T
stability ¢f the DNM helix has been roported (113 . In
- a N - -1 R i R o - - [ | & - ! L
OGRS S LOUIVIMLOS TNO @INOCY 0L o maLoi Lon 0on P P -

Cu was odded az 5 x 10 I nitrate.,

The resnlts of the theorctical fits to the (2)

1= -.-'L.
INALCE )} dato ar DNA with no Cu’ data can e gwnamas

cized in the following Lableo:

-
{a) £ = 0.3820.02 ; G, = 7.74+0.2 MHz; To ™ 36 ne;

I
o
W
(9%
I
IS
o

.
=
|

.;.1 o
L) £ = .03 ;o 6.8+0.3 Miz; t_ = 62,2 D%

X . 11 .
where f is the fraction of Tn bound to DNA, w, 1is the
smallest guadrupole interaction frequoncy and t. is the

corrclation time,

From {hce changoe of the value of T it appears

that the effect of the metal ion is o provide higher ri-

gidity in the DNa& meleculc, even when this ig single stranded.
Thesge results are in linc with s hypothesis zdvaenced cariier

on the formation of intermolecular copper ion honds foined
between single stranded DNA molecules 19,127 . “he expected
higher rigidity of the interconnected DA single sivand
o . L 4+ , -
molecuies in the proesence of Cu 1s in agqreemant with ocur

observaiLjons.,
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The measurcd rotational correlation times are
mach too small to correspond to the rotation of the whole
BNA molecule, estimated to be at least of the order of a
millisecond {13}. Our results can be explained ejither by
assuming that the Indium probe is not bound rigidly to the

DA molecule, or by allowing segmental flexibility in the

“‘:'

U ne

lbself, with relaxation rates compmarable +o that of the

torsional motionrs suggestaed hy Allison and Schurr. Until

more 1s known about Indium binding sites on DNA, these two

mechanisms cannot be distinguished.,

P

- Il o . .
In order to use In at biological pH, it may first

be necessary to form an intermediary complex which can sub-

scquently be bound specifically to DNaA, The more interesting

double~holix system would then bho amcnable to PAC studies

()

and the results interpretable in terms of dyrnomical models

O DNAL

s
.
-3
.
m
*
o
T
pa}
<

cort, Joh.

20, (19738) 907,

AL Shirley, Hatuyr
2. R. Baver, pP,Linmkilde and J.7., Johansen, »iochesi stry 15

3. G.R. bemille, X.Larlce, D.L. Livesey and K.Mailer, Chem.
Phys., Leott. 64 , {1979) 534,

4. P.W., Martin, C.A.Kaifas and K.Skov, Jd.Chem,.Phys. 69 (1978)
1958.

J.W.Ball and M.Kaplan, J.Chem. Phys, 70 (1978) 1337,
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-
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7 Biology Dept., NRC "Demokritos®
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** U.B.C., Vancouver, B.C., Canada
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Deterwinaiion of Relotive and Sheclute Aburdancs ol Stable

Hitrogen Teotoves bu Proton Induced Hucleor Reaction

B

A. C., Xenoulis and €. FE. Douka

]

The simultaneous determination of 14N and 1 I
contained in biological samples gives the possibility to
study bioclogicsl processes with. the ultimate purpose to
improve  conditions and yield of cultivation. Such a
simaltaneous elemental analysis has been achieved utilizing

15

the 14N{p,p’*{) and N{p,a ¥) nuclear reacticns at 4.3

MeV bombarding energy by measuring the thick-target vield

of the emitted v rays with energy 23%2.5 - and 4439,7-

KeV , respectively. The bonberding energy was chosen at

4.3 MeV on the evidence of excitation function measurements
in corder to take advantage of a sLrong resonancse in tho
cross section of Lhe 14N {(p:07Y) reaction ohserved at 4.0

MeV bombarding energy. The future work involves utilization
of the resonance for guantitative absoluke detormination of
4 . . . .

N and also for depth distribution measurements of either

4N or hydrogen.

* Department of Soils and Plant Nutrition NRC Demokritos
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1V, THEORETICAL WUCLEAR PHYSICS

3. 8. Anagnostatos

In a recent puklication {11 the geometyry of Lthe guanti-
zation of the orbital ancular momentum {E ) and its projection
(mR}, in relation to the geonetry of the regular and guasgi-
regular poivhedra, was given. In the present article the geo-

metry of the quantization of the intrinsic angular momentum

{spin, s} and of the total angular momentum (3), in relation Lo
1. ey e e e e £T T LIy B R - G~ e #= o A - . - -
the 9\..\_.-';11\._1.4. FERE tho zono }:'UIJ }lu.i??\.._; 3.0 pronc ntod, Mo 2 rocult '
— e L i [ | i i — [ {TT ': :\ R,
o eliaal [T TR o TR R Y S LT L A4 LG Geloaa e L e N f I Loua
fields of caentral syanotry Through polyhedy
LETIE P, B LT - L. b I —~ -
wihiichh inhcren _.11 i aiuae facth Ty ho tho
reascn Lor the many surpricsing cuccesscs of the isomorphic model

{2-3). %he model emplovs Lhese polyhedra to ropeesent dynanic
T b k 2 i i
average forms of the nuclesy shells ,resulting in the correct

Justification ©f {the mayic numbers,

In Fig. 1, vector illustrations for the relatioanships
betwcen the magnitudes ©f the orbital (a), intrinsic (b), and
total {c) angular momenta and their z-components {for the
exanples shown} are nresented. That is .,the directions of the
orbital, inlrinsic, angd total angular momentum vecters are
unspecified in the polar angles ¢, but are specified in the
azimuthal angles 3, according to the relationships

m - .
o fecos™ (m,/ VETEAT)) (1)

S S:COSM1(mo/YS {(s+1)) and (2)
s (=

SMI=cos™ (my/ G0, (3)

J
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The quantization of divection of thoe ovbital angular

momaentum{ilgiven by Dg. (1) is ohb

s

in Dig.2 in relation to the
equilibrium Lesch {4}polvhedra. Ounly the coases (8«1 ;2,.3,4 for

all Mg and £ =5 only for mP:S) ol intercest in this work to

facilitate the demonstrztion of the quantization of the intrinsic

= ]

and toetal angular momenta are included,

As seen fxom Iig.2{c), thce angle

Z=41 /. e P ,
8 ST/ L 54© g4'els (4)
SBe i S 4

- PR - - P . - - - - ".,"‘ .
18 ddeniicald (in any oraer of accuracy) Lo the angle 234 and

’?‘) .
238, Also, the angle

™ = --'1 ’/?

s - FRE o i . .
. = 125 DY 5 ,ME (=
S K 2

\
nt
3,
o
o

.

. oo PR L - . ) -
1s laonuvical LYo the angles w3

shovny resu

SDIn Vvectors o reenticoned
mj-:.3/2. boand

to orbital angular momentum vectors already specificd in Ref {1

earlicy, comron for o1l casos ol

B!
J

It is off great interest that the resuliing j (for all .
nine cascs shown) have the correct 3 and m, guantun numbers as
registered on eanch related part of Fig.Z.Tgis is also true for
all other cases {totally thirtv) not shown in Fig.2, but
derived from those shown hy central or plane reflecticns which
leave the quantization axis {z-axis) unchanged.

A comuen spin orientation exists for each group of j
‘hich results from the ] shown in Fig. 2 .(except fer Je3/2 ) by

each of the above reflections, The determination of swin

in all other cages vroguirves an individuzl effor: for

- - . - -5 DA [ | = e e KR, DTS A
or the cace 3=3/2, :._L_.}.m.,;’R, v dn TAag.?2 ()



(d}, or

can be
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In conclugicen , the £,5,3 vectors shown in Fic.?2 {(a)-

scon as the different orientiations of the orbital, wp

and total angular momenta vectors in threce-dimonsionanl o

Thus, Lo

to  rep

wOork of

B
Nud.ieun,

atomic croups led

1

Lynedra off fig.2, which are

e forms of nuclear shells
the Jsounrephic model of nuclear structvie,

-, 7
d

cihoe o averacge nintion patterns o in F

vy, Morcover, the resulig pres

hie developuont of a funpdamental theory  of vhe aionic

")

)
o
o
I
1o
[P
o}
o
=
3
Ir-.'
M
(—11
o
(_1_
o
n
Q
1=
hett
o}
Fa
o
o
]
o
oy
}..‘_:
m
i+
o
-
i
m

{3}

{4}

G.5. Anacnostatos, Lett., Nuoevo Cimento 22{1978)y L0y

G.5. Anagnostatos, Can. J.Phys. 51 (1873) Sub:

whiie Modeldl of Lthe Clouuod

- (athens, 1974, Groel htomic
D Report T4/6;
Faie 32{1977} 207

C.S. Anagnostatos, S. Touliatos, A.FEyritsis and J.Yap
tzakis,

Duadr:

Iy

harge Radiil and Isospin

{(Athens, 1879},

o
Grecek Atomic Enorgy Commission DEMO Report78/9;

Atorkernencrgia, 3% (1380) 60.

J. Lecch, Math, CGaz. 41(16%7) &1

in,

- S S —" - - FT - e —_— - T i e e — e = e " Il JUN
i BLUOY OF _r.egtl_.']_‘r-.ﬁ_ TAmeay arrave of ldasutioa

2t

thoge wiich can be determinad as discusessd in the tex
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s Ep . " B R S Fad T o L. S Ty . - i
£ Symmetyy Deperipidicyw of the Indeperdent Particle Model

G.5 .| Aragnostatos

In a recent publication {1; and the previous work of

this Anrnual Report, the geometry of the quantization of

r.

angular momenta {.,~,J) is giv

LQ

M. As o4 consecuence in the

present work, a syimctry descrintion of the independent

particle model is presented taking the 1p shell ac an example.
In Pig.1 (@) thce guantization of directicon of the orbital

angular momentum for =1 {(considered as a constant of motion)
is given in relation vo an octabaedron, This polyhedron, in the
Lremework ot the ianmorphic model {Z--3i0r nucicar siruchure,
represeints Lthe averare dynamical form of the 1 shell. As seen,
the directions of the crbital engulnrs momentun in three space
ere aXes of gyvmmsitry passing froam the vertices of thia
polyhedron. In Fig. 1 (b), the quantization of dirvcction of

the spin (considered as a constant ¢of motion, e.g. in s-states)

1s presented,

In Fig. 1{c} and {(d) the /2, mjm /2 and J=3/2, mjm3f2
are derived applying the parallelogr'm rulc to the orbhital
angular meomenta of Fig.1{(a) and to the spin of ¥ig.1(b) . In

Fig. 1(c) the case 3=3/2, mjm1/2 is presented, where the veoctors
¢ and & do not come from Fié. T {a) and (b}). This j,m. csse

is derived in relation to the proviously found 3, as will

become apparent shortly. Fig.1 {r) and {g) demonatrates the
expected total J (02Jg1) for twe particles with individual
angular momenta JqF J?kT// In a similar way, Fig. 1 (b)) - ()
domonstrates &l expectod total J (0Ll23) for iwo individual
particles with j1:j,=3/2, while Fig. 1 {(m) and (n) demonstrates
the two expected total J (15J22) for two particles with J1“1/2
and j2:3/2.

v
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The fact that even number of nautreons or of protons
at the ground state couwnle theilr j to  tohtal J=0, makes us
to assume that Fig. 1 ({1, (h), and (1) rolfer to either {wo

neulrons or to two prolonsz. The same fact, however, makcs us

—_—

to assume that the remaining casreszs of Jj coupling in Fig

and o ene proton {odd-odd nvoloei).,
Legides the cases shown in Fig., 1, there ave other eaquivalent
hy eyvmmoeiric oparaiicng of

-

The octansdron,

which leave the cuantisztion axls (z-anic) unchanged.

Part (o} of Fie. 1 shows 3. and vectors, already
usad in the previous parts of the Figure, in such a way

that wo distipguish beltweon noulron and proton 778 . Fach

Al e s m e 2
A \z\,‘J-J-kz‘._'J.-.J‘J

{1} , {2-2} : Sco veferences wilh same in {the provious

work of this Annual Report,
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a5 t

Ay interface wos constructed in order o connecth
4

G106 terminal to the data collection sysltcn.

L now printing terminal, LA 26 DDC DICLYAT writor
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