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1.

Ιnt roductlon

'1σοi'1ιg 
Paεεea the f,i'βι dccePtolιce testg ιι Dec 19?49

the yeΦ of, 7975 1frε the fi''st geα' ιyιth the qaaeιe-

ταf,oι i'ι fuLL σpe1'qti.σιι. lhe 1ι.R.c. DEMoI<aΙroS

αcceιΘ"dιo" 1j8 α r 11/25 Ιαnden vαfu de Gιαqff,
σβceιe?αto? τιαaιfqcb10ed bυ nΦh voLtoae EngeιeΦbιg
coιpο"qtιoι. Ιt l@s α iaξιιιaoη υoιtoge of, 5'5 w Φιd'

ριotolι Θιtτeιta ιφ to 100 lA.

DurΙng the flrst year, research ι,a8 concentraιed
in the areas of, heavy 1oη reactl.ong, ineιastic scattering, γ-ray
spectroacopy, charged part1c}e lnduced x-rays anal ιheoretLcal
nucleaΞ phys1cs' Much work haaΙ to te done 1η trying out new
exper1πental appaΞatuΞ aΙal learnlηg to opt rιlze ιhe operatlon
of the accelerator.

Ξn-beaπ aηd off-beaπ gaπna ray speσtroεcopy has
been proaιuctlve ln !.t3 1nve9t19at1on of, nucΙear propeΞt1e€ 1n
cu, Ga and sn lsotopes. The heavy ionldork on α-transfer around
the cou1oπb barr.ieΞ. lnass αιeasureπents via the (16orzp) reaction
aηd spr.n flip reactlons w1th 14π have shown very promls1ng rearlts.
The deveΙoμnent of an external proton beam for part1cle lnduced
x-ray ΦrcltatΙσΙ has been usefuι 1n analyzlng €a.npιes t}tat cannoι
be 1ntroduced lnto vacuuπ' The x-Ξay fΙuorescence Ιnethod on the
other hanaι pfoiluced goπιe sιandaral ιiayg foΞ a quick anal Ξe11ab].e
eleηent microanaιysLs of δeveral types of saπpιea.

on the thΘoret1cal slde, ca1cuιat1oη6 have been
Ιrerforπed or, 36s, 95τ. 

"nc 
94Mo. of partιcu].ar l.nterest are the

re9u1t8 of a "realLstlc" sheιt Ιιode]' calcuιatlon on 95Tc vlhLch
exp1a1n 6at1afactor1ty the nucΙ.ear propertLes of abouι 4ο Ι.evels.
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alhe \,ιΙΙ nodΘl wa6 extended to Lncluate Ln the ro-
taιloηal band a 0+ and a second 2+ exciteiι ιeveLε Ln εotne nucΙe1.
The aa.ιτιe !ιodel was appιled .tn expιain1ng the back-benillng pheno-
ηιenon. τλ'ork was also cont1nued on the 1soπorphlc ιπodel ln the
s-d'shell.

ouΞ graduate stualent popuιatLon has had a nany-
foιd lncrease. collaboratLon wlιh the University of, Atheηs and
υnlverδΙty of τoannina has been veΞy frυitfuΙ as in the past.
we have had a number of v151toΞ9 froΙιι abroaal that contrlbuteaΙ
apFrectabιy ln our scLentlflc effort.

τι haa lndeed been very graιtfytng to gee that
our ιechηlcaι persoηneι was fully tralned to hanatle tbe probleηg
conηΘcted vr1th the accelerator and the on-l1ne cαnputef.
τn rιιany lnatances their unεeιflsh efforts contΞlbuted 1n the
grooth operatΙon of the ].aboratory,

G. vourvoτrouιo9
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3.

t. LEAVY ΙoN REAcTΙoNs

1. Mαao Meαsνr'ene?ιtE of 1ιeutτon-Ri'ch Lιght Ι9otope6'

D. Panagiotou*, E. Rossionides. G. Vourvopoulos,
Kakanis, ]ι. Gazl_s i ι.ι. xj-romeritis" and D.K. scotι**.

τhe purpose of ιhls progra!ιΙne is to ιιeasure the rιass of
ηew neuιron-ricb lsotoFes. eΙIιFΙoyLng a rather noveι ιnethod.

'The πeasurement of the πιΞιsses of nucleL far frotn the vatley
of stablιity 1r very i.τtιporιanι because 1ι prov1deg a sens1tive
ιest of var1ous, enpirical Ιnass fortηulae. whlch f1t the measured
!ιasses ηear the bottoΙτι of the va1ley of stabiιtty but Ιιιay
dLveΞge further av,'ay. FuΞιhermore, it is lmportant to iΙτιprove
the accuracy of tι}e known rιasges, which have been nιeagured
wlth the aLd' of other tιιethods. The heavy ion reactlons,
procceeding v1a the forΙnat1on of a colnpounaι nucleus, are a
very useful tool foΞ Producing neutroη-rich isotopes. τn ιhis
manner t,€ plεrι to caτy αrt ι!'ε.gs Ι::caΞιr:r€ntε of r1e!1. irQioi.e_a, 6iic,
u, 29π9. 34si ιy enpιoylηg reactLons .o"n ., }rt18o,zpl}il6v
anal aΙ1rectΙy detecting the tvro prot'ons emLtted f,roη the cotn-
pound nucleous Ln thΘ fornaιioη of the new 1sotopes '
ExperΙΙnenιaιιy, for ιhe detection of ιhe eΙηit'ted 119ht partlc]_es
we emlloy a trlple ΔΞ, E.Α/c_te1escope, coΙnFrisΘd of εurface
barrier detectors anaι use the rnethod of particle ld'eηιlf 1cation.
we detect both αn1tιeaι protons in a single ιe1escope. uειng
the errΙplrical Froperty that thΘ 2p's, depending on theLr rela_
tlvΘ Θnergles are id'entified as '4ΙΙ" to "6π" in ξhe mass gpectΞιΙΙn.

The πιasε and correspanding energy specιΞa are stoied and anaΙ1εed

by the an*llnθ PDP-15 comput'er of t'he τandeΙ Acceιerator Ι.abora-
tory. By sett'1ng wlnζΙows on particle grouFs Ιn the Ρ. τ. spectΞυm

iha inforΙΙιation of each FaΞticle group 1s routed t'o dlferent
energy spectra. FroΙ!ι the ηeasuΞed energy of ιhe tι'o protons
lead1ng ιo the groqηd state of the ηew isotope and the othΘr
known quanξ1t1es, such as the Γ,ass and energy of the projectlle
and the ιΙιassΘs of target aηd the two Protons !,/e exιract Lnforma-
tLon concerning thΘ i'bove mentioned lsoεope ιnass.

P.
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2
Ξ

o

Fig.1 PaΞtiat ι4ass spectτιΙn

frαn t}ie reactiorΙ
28si1166 )p1a2su-

υzz
Ξ

zΞoιJ

Fi9.2 Total' Mass SpectΞιrm
' frc.n t}Ιe rbaction

cl]AΝΝEL

MASS SPECτRUM

28si (15o, zp) 42.".
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To test and alevelop the πethod the reaction 28si(16o.zp)42c'

lrag carried out anaι the nass and energy specιra of p. d. ε and

'4Eu ,"r" obtained- The ηeasurements ψere taken at 0o because

hΘre the k1neιnatlc broadenlng lε very gmaιι for Ιarge Δδ anal so

we can use a rather 1arge 5o1id an91e. A Au fo1l 1s pιaced after
the tεrqΘt to stop the 16ο b..^. Relaεlvely fast tiΙι1n9 is used

and tiπe-resolutlon of about 4nsec (g.W.H.M.) has been obtaind'Ι.
An ef,ford to rΘaιuce th1s to less ιhan 1nsec LΞi under way.

E'19s 1 and 2 shoτ{ a iypical mass specιrum of 28st{16o,2p142c".

The energy resolutlon Ln the energy sPectrυΙn ls 8oo kev, atue

to the very 1ar9e acceptance angιe {t3,Bo) at 30o. τt ls possible
to make better energy Ξesolution by reducing the acceptance an91e'

currentιy ψe are obιain1ng an angular aιistr1buι1on of the reacξion
28st {16orzp)42ca to deter!ιιine the shape of tbΘ distributlon.
Actual mags πeasurernents ι1111 folΙovl

*Present addresg! Nuclear physiοs ,,alr., UnLv. of Athens, GreΘce
**PresΘnt addresss ιawrence Berkeley ιab". Univ. of ca]"1forηia, UgA.

2. Hedυι Ιo7ι r?a.ι'feτ ReαctionΘ - α-pαιti'c1'e !"α?ιεfe".

.Ν. xlroπerιtLs. A.D. Panag1otou'ι, E. KoεgLon1des,
G" vourvopoulos. E. Gazis aηd P. :iakan1s

The purpose of thls experiΙnenε 1s the examination of 'l α - ΙErtic1e
€pectroscopLc factors" for 4n nuclel. "o.h." 

12c, 24ιlg, 28s1 .nd
the var1atIon of ιhe spectroscoPLc factor as a function of the
inc1deηt-parιicle energy. The react1oηs eΙnp1oyed '." 

(16o,12c)

and (16o, 2oγg1 . The 16o ior,. are accelerafeaι by the Tandeπι van

ate Graaf Acceleτator to a maximum energy of 40 Mev. The dΘtectoΞ
teΙeεcope conslsts of a ΔE=9ιuιι, an E=50ιιΙn and a ξh1ck anti-coln-
cidence detector.
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ΝlAss SPECτRUΜ
16O + 12C

Εt| ' 30 Mor'

Ξ

. ;Φo

o

Mass spectτιΙn frcrn ttιe reaction 16ol12a,")"'

rtg.4 20πe spectΞιrn frcrΙι the 16o(16o.12c)20". reactionι

Eig.3
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'oηo
1.63

'6oc6q2oμe f2 c_g.s
Θιas =26'
Erοo = ]9 ygγ

1
370

J
υlzz
Ξυ>10FzΞoυ

f
322

c HANNεL

εlg.5 2ουe spectΞιπ frαn th. 16o(16o,20π.)12c reaction.
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For thΘ ideηt'1fication of the heavy partLcles. an :s-!ιE'J-i1ca1
neιhod ls eπF].oyΘd t'ased οn the following otseηr.atioη. the energy
deFogiιed tn the Δ'ι: detector Ls al!Ιo€e the saπe for aιl the
available energles of the heavy particles in our reactlons, whlle
the energy deposited in the F-detector varies very strongly wlth
the. part1clels energy. Ry divid1nq ttle E Fu].se by a nuπbeΞ and
add1ng this to the ΔE pulse, an almost constant number κ for each
e1Θ!Ιent 1s der1ved indeΓendent of thc particles eηergy, i.Θ.

E=
ιεi+ --J- = ξ τftσe j coΞresponds to each eleπιent.JΥJ'

separate energy sFectΞa for each e1ement are obtained by εetting
''ι,indows'' on eaοh Farticle grouΓ l_n the mass spectΞuΙn. F,1g. 3
shoιrε the π-ass spectrum obta1nΘd 1η the reaction 16o*12c at
99 M"v. siπLlar sFectra have been oι't'ainΘd Ln the reacιlon
'-O+ -O. The clear identlflcatlon of C, O, Ne etc ls evldent.
F1gs c 5 shov, the 12c -.rrd 2οΝe- particΙe energy spectra obιained
iη the α,_stΞ1pp1n9 and plck_uF reacιions of 16o+16o, The energy
rΘsolution for 20Ν. is very bad, due to the klnematic broadening.
τn partlcular F1g. 1 shcιrg the identifLΘd states of 20πe, which
are the ground staιΘ the 1'63 Ι{ev anc the 4.25 Mev states.
Thε last one Ls mixed ιιith the 4.43 Ιlev excLted εtate of 12c.
we aιso laιentify t'he 4.43-12c+1 .63'2οNe state. staιes of h19heΞ
exc1tatlon aτe not sεen becαuse of the thl"ckness of the ΔE-atΘte-
ctor. The resolution in th1s sΓΘctrυπ is + 4oo kev (r'.}Ι.ΙI.ΙΙ")
Figs shoιrs the energy sΓΘctrum of 20ιΙ". ιle see only the
ground state and thΘ 1.63 Mev excltΘd state agΘin due to the
thIckness of the Δr-detΘctor. Α]_so the energy resolution 1s
very bad 1.3 Ιrev (F.ti.rτ.Ι,!.) ' An angu].ar distr1bution foΞ bot'h
reactlong oa' 16o 1" l-n progress and the ι,ork w111 be extended
to oιher 4n-nuc.Lei.

*Present addrΘss: }τuclear Physlcs
Athenε, Athens,

Laboratory, τhlversity of
Greece.
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3. rhe 18 
o (16 0'o'28 si' neαc+i.on

,r.D. rox*, G. vourvoFouΙog aηd s. κogsionia1es

ilhe exc1tatloη functLon at oo hag been neasured foΞ incLdent
enetgles of ''o fΞoΙn 17 Lo 32'4 Mev antl for α partlcleg leeiΙing
to thδ groιind anat flrst excΙted states of 2Bsi. τhe data
(shown ln F19. 6) are belng analyseit 1n order to deteπτιine iΞ
iη ailalLtion to the stat1st1ca1 fΙuctuations some effects of
precoπιpound corre}ations betr4reeη the oxygen τons can be detected.

Fi9.6 B(citatlorι fιΙnσtions for the
gfαrΙd (0') aΙd 1.78 I€v (2a
states in '"si .

Florlda state υnivers1ty.
Fιorida, U. s.A.

*Ρetπιanent address ε la1ιahassee,
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4. ΙnυeΘtiddtioιg of T"αiεitiong to the 2S- '-
Mq,gs-73 sιsteιn.

Std'ted ιιL the

P.A, Asslmakopoulos, A.G. tlartas, C.T. Papadopoulos,
G. Aηalr1tgopouΙosib, N.tΙ. Gaηgag* and K. Nagatanl**.

An'anoΙnaΙouε angular al1strlbutlon popuΙatlng the flrst excited
state (3.o9, }*l ιr, 

13" and (2.37, }*l 'n ", 
haΞ been observed

aturlηg the 1nvesι1qatlon of the reaΞtion 1 2c 
11 

4π 
. 

1 3π1 1 3go 
"r'612"ι10r,9u"1ta, at 1oo Mev. since the above transltions are

expecteal to occur between a . 1P1/2 aω' 2S1/2 otbiLs. the angular
noΙΙιentun ιrangfeΞ,ls unlty. Thus the experlmentaι angu].ar dLstr1-
but1οn shouιd show a characteristlc osciιlaιory pattern. if one
assuΙeg a direct. oηe-step reactLon rnechan1sΙt. Unaιer the above
circυηgtances one expect9 an exact Dτ{Bλ calculaιion shou1d fit
the eaperfuιenιal results !re11. ΙΙowever, iι was found ιhat even
though there rdere oscLl].ations in the data. ιhe 1Ξ 1 theoreιical
fLt rraε coltιp}etely out of phase wlth th9 obgerved experiπental
angular digtrlbution which, curiouεly, had a sιrong resernblanοe
to an ]-Ξ0 anguΙar distributLon. Aaldltloηaι].y the cΘrrΘgponding
spectroscopic factor for 2s1l2 strength ιras found very stnaι}.
Th19 19 very lιnportant, slnce thls state has been one of the
bas1c sιatΘs 1η sheιt Model Theory. The above obseΞvations
clearly'support the belIΘf that a one-step Ξeaction mechanisΙn.
Θven wLth the Lncluslon of flnite range aηd recoLι, Ιs not capable
of saιLEfactorily explalning heavy-ion lnaluced one-nuclΘon transfΘr
ξo ξhe f1rεt' exclLed 2S1/2 states Ln the ιna5s-13 systΘη. τt vras
therefore dec1ded to perform aaldLtlonal experiηents and Ι'tιake

extenEive caιcuιaιions inc]-udlng mult1step processes for the
2s1/2 sLatea ' as ind1cated 1n thLs nass region and aι various
eneΞ91Θδ (see for exaπple the f,ollow1ng f1gure).
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?+

0

I -- ,-c

42c

τn the frame of the above consldθratioηs ιre peΞforπed some pre-
11Ι!1ηary experiΙnenιs with the DnΙ{oΙζRτTos Tanaιem accelerator.
πhe l"nvestlgated reactj.on '"" 

12c(14α, 13c) 13π*(P.oton transfer)
.rrd 1 2c 

1 
1 4ιτ. i3π) 1 3c* (rr"rt.o, εΞansf€r). Natura]' carbon targets

of 50 1ιg,/crn2 were bonbarded by 25 and 30 ιηev 14ti beaπ. The out_
go1ng heavy ions v,eΞe detected by using a ι}ro deιector ιelescope
antl partlcΙe identificatioη techniσues 1η ghe PοP-15 coΙnFuter.
Pre}imLnary results have exhibited ι'eak Population of the 13c

gtate aι 3.09 Mev which has indj-cated ιhe ηecessity of perfecting
the οαnputer paΞιlcle ldeιL1 .:lcat'1on techniqueg for the separa_'
tLon of carbon and Ditrogen isotopes. future runs are also
scheduled wtιh the eΙplo]πent of tiro detector telescopes in the
ant1colnc1dente ι"ode, Ριaceal at palrs of angles predl"cteat by the
klnetBatics of the reaction.

*Un1versity of τoannina, Ιoannina
**cycιotron Ιnsι1tuιe, Texas A anaι !4 Unlverslty,

lexas, U" S.A"
coιιege statioη.
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ΙΙ.

1.

GAMM}, RAY SPECTROSCOPY

c.A. xaιfas, Α. xenou11s and T. ParadellLs '

GaΙnΙπa-gaΙtπιa d lrectional corΞelatlon technlgue s eηFloying
a GΘ (ιi ) -}.]aI (f ι) systeΙn ιreΞe used to investlqiate t}ιe de-exc1ta_
ιLon mecbanLsπl and character of several st'aιes in 150sπro

f,olιovrlηg the dΘcay of 150εr. spins of certa1n levels and

rnΙlt1Fole Ιιιixingι ratiog of transltions frotn the quadrupole
and octuΙrole Φasi-viιrratj.onal bands were deterrιlLned. The

exΡerlΙ,enta]" m1xing ratio va1ue6 are σoΙτ'.pared wiιh the theorΘ_

tlcaι Fredlctioη of Ι(urιar and with corregponding vaιues in
neighbouring nucιei.

Ft9.7 A sjΙτφlified versiolΙ oΙ ι]1e icveΙ stnrctι]Ξe of 15υsn 
Ιbpu]ated

fo1lcr'rirιg the Q- decay of 15οqn(z.εει').' Ihe tiickness of t-he

Ιine iMicates t}c appΙoΧi,ηaιe inl'ensr Ly oΙ the γ Lraηsitjons.
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z. 14θs^ fPon the υeco1a o1 1!87η

c.A. (alfas and τ. Paradellis

1n order to extend the l-nformaιion concernj-ng the exciιaιior''
and de-exc1tatlon ιnechanLsn in even-even nuc1el of ιhe transi_

ιiona1 rΘgion around A*150. investigaεlon using γ-γ cοrrelaιion
technlques i5 coηtlnued i', 148s', sιudiΘcl froΙιι the decay of
148p*. τha Farent nucleus is produced by (p.n) reactioη in
πass separated, 148tud .ε Ep.1 o Ιlev" Anatygis of ιhe data is
cιlrrently undΘr way. E'urther experiΙoents are planned In colla_
boratlon ιrith sussex University v/here use ls Ιnad'e of a 1oι'

teΙ,FΘrature refrigerator (-15 !πK) j.n order to meagure the

angular distribuιion of γ_rays fron Polarized nuclei' Finaιly'
Ge(Li)-Ge(ι1) coincldence systeJF wIIΙ be used in oΞder ιo
reso1ve sore anblguitles in the leve1 sιructuΞΘ of '4B9*"

Eig.8 1tιe excited states of 148sι

oιserνea i_rι tlΙe decay of 41

^.4 
s-3 d 148Pm nucleus.
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3. St11d1l of 97Ιo bu 97ao(p'n'ι) Reactiofι'

λ. )ζεnoulis, T" paraζ:elι1s and Ιr!. Pantazi.

Tηe level structure and tlιe decay properεies of levets in97Tc

are investLgated via proΙ!ιΡt Υ_ray spectroscopy foι1ow1n9 the
Y'Mo(p,nγ) Ξeaction vrith Proton energiΘs beξween 3 and 6 ιΙev "

Meagurements of excitatj.on functioηs anaΙ angrulaΞ distribution
measuΞeΙιents have been FΘrforrned.

4' ELectιonaqnetic Ptoρeιtiee of Stg'Ξβ ιn 92ιιo

f?om the 92Mo(o.o'γ\ R eq'ction.

c.T. Fapadopou]"οs+. Α.G' Iιartas, P.A. AssiΙnakoPoulos,
G. Andritsopoulos* t anaι N.Ii. Gaηgag**.

Levels ln 92ao ,r.r" studied ξhrough the 92πo(p,p'γ) reaction
at lncidΘnt Proton energies Epa7.ο, 7.6 and 8.5 }'iev. slngιes
γ-ray spectΙa werΘ obιainecl wj_th a Ge(ιi} dΘtecιor at angles
of observation oγ=0o, 3οo, 55o, 7oo, 9Oo and 125o' Level and

transltion energ1es were extractΘd fΞotn the θγ=9oo spect'ra wiιh
an accuracy betξΘr than +o.5 kev' BranchLng ratios 1'ere et'tΞaσξ€d

froΙn the Θγ=55o specιra. For tΞansitlons demonstrating an enerqy

shift vΙlξh respect to the an91e of observation, the corrΘspondlng
lLfetiπ.e of tιte state was deteΞmlned through the Doppter shlft
Attenuation Μetbod. The analysis of anguιar distrlbutions y1ejded

!Ιιultipole Ιιι1xlng jrλtios anιl ,1π va1ues for several st'ates. The

experimentaΙ j-nforΙn'ation obtalned in thls τ{ork was ernpΙoyed to
caLculate reduced transltion probabill'tles. The properties of
lovi }ylng statΘs in 92ι'o strongly indlcate that this nucleus
Ιιay be described in ιhe fraπework of the shet]. model by σonsidering
sltιιple σonfigurations of four protons occupylng thΘ F1/2 and

s9/2 orbitals outsiCe an Lrr"rt 88s".o...

*Doctoral Thesiδ**Uηiversl.ty of τoannine
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5. Gqmnα-Qαrτιmα totιelqtione in 69Gq,

T. Paradel]_is, A. xenouιis aηd c.Δ. Kalfas.

fuιploying a Ge(ιi)-τJaΙ (T1) detector εysten, 
ogaΙnΙna-ganma

directiοnal correlat1οns foΞ nine cascades in "'Ga have been

πeasured. The rerult of the prΘsent tιeasuΙeEιents coΙΙιbined w1ιh

other exl"sιing data allowed ιhο adoption of a 5/2' spin and

paΙl"ty for thΘ 1'1ο6.4 kev lΘveι, arιd' a 7/2- foΞ the 1336.1 and

148?.5 kev levels. Α tentativΘ 7/2- sρ!Δ and parity has bΘen

adoFted f,oΞ 1923.1 kev 1evel. ιfixing ratl"os have bΘen determlned
for six transitions. The daιa obιaln€]c aΞe utillzed Lo extracε
ι1'l and E2 redιrced transiιicn probabilities. A coπιparLson of the
experinental data is made ιΙlιb the predictl_ons of the one
partLο].e-core and three partlcles-core coupling Ιnodels.

Ι'i9.9 A ccπτparisοrΙ of the one

particle (Ρ-H) ard tb.ee
paΞticle (Ρ) -core nΞdel

' states wit}Ι tL}e i:λ"erijr€nta1
- 69,ctata ln Ga.
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Angular d.1sιribution and ceηt'Ξaid' shifι data hane beeη co11ccιοc
at Ξ =3.65 and 4.16 Ι,"-'j. Tιιe ana1ysis of the EpΞ3'65 l,1ev

17.

6' lhe 6? zn(p'nτ )6/ αα Reαction.

- 1. Paradel1is, c.Α. tralfas and A. :aΘηou]"is'

A 79t enriched 673r, ι.rget. ι mg/ αι2 thick has been bο:ηhardee_

wlth Frotoηs. eanrτna ra!. spect'ra oLt'aiηed' aε 9Oo ιo the beδΙιl
axis'at EpΞ3.3,3.6'3.7 '3.B'3.9,4.'1 and 4.3 },iev a1lolred the
ldent1fication of leve1s in Ga€7 up Lo 2.4c7 }ιev exeiιaιion.

angular alistrlbution data, a1loιred thΘ unique sp:ιn agsiσΙι1ιent
for severel Ιevels. ?hο excited staιes of 67c. (s-r, ]iev) and
the adoFιed spln and parLt'y assignΙnent from εlic E-:3.65 MeV
experimcnt. arο thc folloιΙinσ. i6i.a' (/2-', 15'J"''ιJ(5/2''),
828'1aβ/2-' ' 91o"92(5/2"} , 'loB1 .72(1/2''], , 12o2.?-5 .7/2-) ι
1412.63(7 /2-', 1519.12(g/2'-) ι l555"5515/2-) .''b:,9.37 |3/2-: .

The data at 4.2 Mev arΘ currenj:ly anaiyzed.

ii. st 63co *ra 65cu Thoou h Plolon Ιneιq,S+.|.c Scαtte"igl'

A. G. Ι:artas*. c.T. P..padoΓoulos, P. A. }.ssiη1akopouloΞ,
G. Andritsopou]"os* * ι and ι'1.Ι:. Gangas**.

Tl'!Θ' gaπΙrna-ray dΘ_'e:,(c1tatj-on οf ιhe fiΞgt ιιrenty four sεaιοs
of 63cu aπι1 t;1e f:rsξ ιι'.Ll.:.iaιι-j "i 

6 jco 
'u, s iιιdie<l by ιιιeans

of the 63'65cu (Γ,F'γ) reacttons" Thic]r targets of coPper
eηrLched iη 63cu anr] 65cu 

'ura boΙiιbaΞi],,,i aι iicident protoη
eηergies Eo:4.2, 5.0 anc 6.ο }Ιev. siηg].es gaΙnna-Ξajl spect:fa
were obtained vlitL a Ge(Li) .letecξoε at ang]"es οf obse:vation
Θγ=0o. 3oo, 55o, 9oo aιid 125o. Thrcugh these ΙteasureniΘnts trans.-
Lt1on eneτqies, leve]-s. branching r.:tio:] and lifetines of .:ιates
v1a εhe DopFler shLft aιιeηuation πeιhοd νiere Θsιab].ished.
A stΞlking overall sinilarity in the decay scheπes of the ι..;()
nucle1 Ls ob9erved. the angular distributions obtained are beiΞξ
analysed ln the fraπ,e_vork of th'e ΙlauseΞ-FeshbacL theory foξ ιi1e
deteΞπlnation of ι.u1ιipoιe πixing ratios and Jπ values for se-Jeτ.ll
states.
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}'ιore recent Ge(ιi)-Ge(Li) coiDcidencΘ πeasurements aΞe also
being anaιysec for the incoΞpoΞation into the leve1 scheΙnes of
several uniaιentified tΞansitlons observeaι in the spectra.

Fig.10 the excited states of 63cu 
-

*DoctσraΙ Thesis
**Un1versl-ty of τoannlnΦ toann1na

8. stud 63, . 65_ ..zn ana1 zn t h1Aο]l th" 63'69cu( ,63.65_) - )ιn HedatLon.

p.A. Αss1πakopou1os, l1'.G' Ιlartas, c.T. Papadopoulos,
G. ΑndritsoFouιos " aΙ:aι }i. Il' Gaηga9'*"

Fxcited states of G3z, und 65zn u.a belng studled in
conjuοtj.on ι,ith the work on ιιιe odd-copper isotoFes dΘscribed
aboνe. Through a Frogreβsive lncrease of the incj.dent proton
energy on isotopica.ιΙy θnric},ed 63'65cu
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targets. transitions ir, 63'65z.' becorιΘ doΙnlnant in thΘ si.n9i1es

γ-ray sFΘctra. Ιn this Ιιanηer several new transitions in the
odd-zinc isotopes have beeη identlfiec ιrhiιe the exclιation
enΘrgl-es of Ιevels kno!,Ιn froΙn Frovious work have been measuΞed
wlth increased accuracy. To this end singles y-ray Ge(Li) spectra
have been obtained at incident proξon eneΞglies of Ep=5.2, 6.0
and ?.o tιev, at angles οf obselvaιion Φγ:oo. 3oo, 55o. 7οo. 9oo

and 125o. 1he angu].ar dLstΞiLtut1ons: are being analyzed for
ιhe deteranination of hranching ratios, Ιηu1t1FoΙe mixing ratios
and .Tπ values ln the frale !ioΞl.: of the ιΙau ser-E'Θshbach theory.
Recent Ge(ιi)-Ge(L1) coincidencΘ measureΙτ'ιents are employed foΞ
the identificatlon of sΘveral unknol,rn transitions. Tlιe analysis
of thesΘ data i8 stilΙ in Ρrogress.

* τ.'niveΞs1ty of Ιoannina. τoannire

9. lhe 16ο(Mn15 
'Φnιιp) Reαction.

G. Costa* and T. Paradellis

A thick target of 55rl h." been ι,ombarded aliιh 4o.e ιιev 7+ 16o.

GaΙnΙιa_ray spectra ha\re been obtained a-t 9oo. Thε pΞeliminary data
indlcate that th€ Γnain reaction channels u.o 69,.r+.t 

' 
C^ r+μ2n,

69' - 68- ---l's+?r, "'Ga+2pn. GaπΙιa_garnΙna coinciaιencΘs, sing1es γ_.ray
d1stributions and abso].ute cross sectlon mΘasureΙnents are in
p]aogrΞess.

ιaboraιoιre des Bagses EηerqiΘs.
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10' rhe 16o(51v.cnιp) Reαctioι.

τ. parade11is and G. voulvopoulos

ι ιhicι 51v foi1 has hΘen borrbarded with 16o ions of energy
τanging froΙr 32 to 40 t4ev. Gaτ}rna_ray sFectra obtained at 9Oo
in.tlcate that the Ιlain Ξeaσtion chaηηels aι 40 Mev..a 64z.r*p2r',
65zr.*pr,, 65G.*2.r, 64cιr+2pn. GaΙnma-gaΙpaa coInciaιences. γ-ray
dLstributions aηd crοss_secιion neasufΘιιents are continued to
clar1fy the dΘcay schΘries of the regl_dual nuc].ei" some pτeιiΙτ'.i_
ηary results for the Ιoιi 1yin9 states of 64zn ar" qiven In Figl1:

/-+
O

(ΟΙ
4

(d)
n}Z

26o2'ι
2Ξo6'4
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$

PDF created on January 29, 2012 by S.V.Harissopulos



Ιττ. x - P,tys

1. υtLιiζαtion of Γ,Φte"nαL ?"oton Beαfu fo! Eιenenta'L Ιιic! oα'nα'ι11 εi 6-

A. Ι{atsanos, λ. xenouΙis. Α. Hatjiantoniou and R.τ.l. Fink*

An external proton Ι]ea!Ι' facj.ll_ty has ι'een constructed v'rhich
perΙnIts eιeιnental Ιnicroanalys1s, based oη the detection of
charact'eristLc x rays, to be performed on saΙιples in aιtιtosPheric
pressure. 9he sensitivit'y of the ιnethod eσuals that of the
internaΙ beaπ, ιεhere the saτnpιe is placed in the accelerator
vacuum. Ι,rhile tirere exLgts a nuΙnber of obvj-ous practical and
other !ιιore fι1ndaτrιenta]. advaηtages of the external beaΙlt.
The 3 ι{ev FΞotons exlt' the vacuuΙn of tbe accelerator through
a 0.ο08 ΙΙtΙ t}ιlck Fe ιrind_ow" The I]e window was found to be the
πost satl_sf,actory of a series of ΙΙaterials tιsted. The facillty
has been already used f.or 'tl ι, c'] ξΞ eε]ta1 e&rι:Fis .r: dlfferent kind
of saΙnFles such as bLologica1, environrnenιal, and rninera]. '

* Γcrπanent acdresε, Caι.rqi.Ξ Ιnstitl]t. of lechno}ogy. Αt1ant'a
ceorgia, u.s"A"

2. AηαLυ6ιe of Λncient BLue Ρiqnent1 '

S. Flllipakis*, V. Perdikatsis** and T. paradelfis

saΙηp]'es of b1ue pigments obtaine.l froπ old Greek palnιings
datΘd from 500 ta 2500 B.c. cοΙΙected froιΙ'' d1fferent archΘolo_-
glca1 Fιaces of GreecΘ (Kηossos, ψcena€ , pytos. Tiryns an.] Thera)
have been analysed L,y xRΓ in aur ιaboratory. This study Was
coπhined ιriιb crystal diffractlon studles and mineraΙoqical
exaΙιinaιion of tb'e sanples.
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The resuιts indicate ιhat two types of bIuΘ pigπents 'ιJeΞe user]

'1 . The so called Egyptian bιue which is an aΞtificia]- coπplcx
sa1t of si, cu and ca. Ιn the mosι of these saτιples, quantiιies
of sn, Pδ anal As have been founal which indicate ιhat pΞobab1} the
cu used in ιhe Froduction of the pigmenι originated from b].onze

filtηgs, sΙag froπ L'ronze- sηelt ing fur+aces or bronze coΞrcsiofι
pΞoducts.
2. A naιuraI piqττιent containinq τ.ainΙy τron. Diffraction aiialyΞiE

of the εa.toΙ)lΘs indlcate ιι:at the Ιnineral used, was the so callecι
glaucopbane. Ιn the case of Knossos ιhis ΓigΠent has bΘen 1-Ξaced

only in salηples,dated '170ο-1 50ο Ec.

*x-Rays ιaboratory, Depι of Ρhyslcs, ιΙRc DEMoIζRΙTos, Gτeece
**Geological Intitute of GrΘece

3. MeaΘuPing Td.ιqe1 lhickrιegε b1] χ-Ra!'t-F7ιo!e6cence

T. Paradell is

A πethod has been develοpΘd foΞ measιtΞing thicknesses cf thj.n

taΞgets used in nuclear Ρhyslcs experjients. The method !νhj.ch

coveΞs.al1 eιenenιs aboνe ca is based on the yie1d πeasureπent
of x-rays of the target, exciιed by other x or -Υ-rays froτll a

radloactive source. This yleId, foΞ tbin tarqets, ls proFo9ξional
to thickness. siσnificant effΘcts πay arise froιq x_rδys exci-tcc
in the backing materiat, ιJh€ηeveΞ the energy of thesΘ x-Ξays
is above thΘ r-edgΘ of the measurecl ιaΞget. Thus,for e:.aΙnple,

the calihΞation 'Ιine for targets made fron τron on caΞbon foi.]-s

does have a different s1ope from εhΘ correspondinq line foj. τ]:oΙι

taΞgeιs deposited oη Gold FackiΙΙqs. The ca1ihΞation 1ii'Ιes coΙ\s-
tructΘd ι1,ith and without Au and Ta backings have been used ιo
πeasure taΞgetε of ]<noιrn thickness evaΙrorateaΙ on c. Au a, Ta.
τn afL cases the agrlee.ment vras better than 58. The estiΙηated
uncertal-nty of ιhe rnethod is about the saπe ordcr.
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r€]co:rc recoldjl ιιgΛ3

Fi.g.12

τhe x-ray spfftrιΙn of aι
. tΞrget obtain€d by eva-

. _ 54-poratιon ol !e oxιαe
frσn a ι4o boat on a c
backing

4. Ai'r Pollation Μeαεuιen&ts:

T. FaradΘll_is and v. Ι(atselis

A1r dust sa!τnles colΙected on cellulose fitter, τ'rhatman 4'l ,

froπ the lndustτ1at cit!, of ΙΙefsis tocated 22 kπ $,est of Aιhens,
weΞe analyseaι t'y ΧRF for the pΞΘsence of heavy πefa].s.
The results fouπl for t-he πain f-race elenents arel

EιE}ΙEΝT AVEPiGE Ι4AxΙi{ MΙNτMUM AVER}GE

c.alc1υm

τrοn

ΙΞad

z'Ι'c'

zero vdrd

84.5
7.08
't .22

0.33

non zerο wiτd

44.7

3.1
0.59

0.22

63

ο.78

0.27

162

13.9

5.3
1.0

'11 .5
0. B

3.045

0.038
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τv. rΕEoRETIcλn λτUCιEΛR Pl]ΥsΙcs

1. Εοen Po'?1'tυ Stdteg of'"Ei,

ι.D. skouras

τte even paΞity states of 46T1 
^r. ca1cu1ated in the augτmenιed

basis of 6-paΞticιe and 8Γ.2h confiquΞations. A deforrιed scheπe
lE adopted and. onΙ], tl-.e sεates that arise fΞom the lower jntΞinsic
vΙaγe functions ar€ consideΞed. ApaΞt froπ ιhe 22 21 Ιnlxing
ratio the theoretical results aΞe found to be in σood agΞeeιιιent
ι'riιιι experiπ.ent for boιh energ!, leveΙs anal ιΞansitlon Ξates'

2' An ΕΞtend'ed' She1'7' Modet cαLculαtion oη 36S'

ι.D. skouras

A 9heΙ1 πodel calculation has been FerfoΞιned on tbe even
paΞity levels of "g. Ful1 conflguratlon π!1 ing has been consl-
deΞed hy alloι'inq the four Γroton hoιes to occuFy al1 the orbitaΙE
of the sd shel1. Although the Ιτlodel Ξeproduces satisfactοEiιy
the 1oιi- tyin9Ι energ:, Ιevels of thΘ nucleus, the caιcuΙated
tranεition rates are found to be Ιn bad agEeefent ιrith exΡeriπent.
It has been found, hoιrever, that agΞeθπent wiιh experIrnent drasιi_
ca1ly ilcFroves. if the sheιι πode1 basis is augmΘnted by a liιritec]
nu.ιnber of 6h-2p configurations. The latter arise by exclting
tιro neutrons frorn the sd to the fF shell orbitalθ and are con-
venientΙy constructed using a- defoΞπeaΙ schefte.
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3. Α SheLL Model Calculαtion on "Ec.

c. Deζ1es* and ι.D. gkouras

Α sheι1 ΙrιodeI calcutation has heen neΞfoΞπed on the e'/c-i
aξpaΞity stat_cs of ;;Tc" The basis vcοtoΞ.s arΘ construcιed l''j

coupΙing aL7 (s9/?l3 Ρroton states to all possibιe ttΔ'.o 11Θu1::l)'

states that arise by consicrering +.:ne 'ld5/2' 2s1/2' 1e3/2 a':';1

o97/2 art'itaιs. 1he calcutatlon has been carriοaι out with :i

"realistic'' inteΞaction anc tbe usual seconaι order FeΞtu]'bi1L)'or1

correctj-ons bave baen taΙlen into accoιιnι for the constrιιciii::i Of

the appΞoprl_ate,"effΘctive" interacξion. The' thcor€ιical :']:''1'1
are founaι to Le in vcry good agreeπent wiιh expeΞ1ηent a5 :1 " : '

thΘ energy spectrun is οoncerned. Thus the πodel Predict-i "ξ
apProximeιeΙy ιhe corΞcct enerqy all leve1s that have ι'oei1

obseΞved up ιo 5.6 i1ev excitatlon eneΙgy" ι{oreover i':- pl:c'' ' ''''
a ηυ.Ιnber of additional ιevets that CΙuitΦ Fossj-bly have noa icΞi
observed yet due to th'e cοmΡlexity of the nuοΙeus. The caic'Jiι''
tion of the tΞansition rates is currently under ι'ay.

* l'nlverε1ty of Ιoannlna. Ιoannina

4' Ιηte"p"etaLion of the Non-zePo ΕfierQμ ΙoΡ Ι'"'=o' and tiιe
Bleαk i'n Mα'LLmαlLn'ε cι',νes,

G. S. Anagnostatos

The non- zero energy of thΘ zero anguΙar πomentuΙι1 stat.j
the break in Maιιιηann'g curves - ιιlo prΘvious1y observed Γ:.l j] _]''ι

dur!.ng the phenoΙnonologlcal analysIs of tho ground-state ].:.'r.: i

6oubΙy even nucΙei σitb negat1ve gΞoιιnd-state noπΘπts of i.ii.'l]i
(Jο.ol - are investiσated in this paFeΞ. theIr interpreta j-r.",]

iE υased on the vΙ{I mcde1 and yet uses angular speed (αr) a: ε-.'-
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independeF.t var-ιabΙe" Ξι ls shor'n ιhat the non-zeΞo energy
, ,+corresponds to a new 0' πejιber of the gΞound-statΘ bands.

MoΞeover, for nuclei in thε intervaΙ -} =.'r'''''"/ o3 1o, 'h.n
τ=2, the existence of an additional nevl 2r Ιevel js derived,
v,hich leads to the gcneraι pattcrn Ιr=g.s. " 2*, o*,2*, 4'" 6*""."
The LntroductLon of these tτ,,o levΘ1s points to an intΘrpretation
of the bΞeak in lΙallΙnann's curves at Rη=1 .4Bz raιher than at
RΔ'=1 .e25' as found by ι{aΞiscotti.

5' Stαtie Plopeitie' of NιcLei itι the e-d SheL1'.

G, S. Anagnostatos

An extensj.on of the lsoΙηorphic πιodeι (initia1ly applied to
the closed-shelt nucteI at thΘ ground state) inιo the reqion of
open-shelΙ nuclei is prosented. The iscπ.orFhic τηode1 is a new

geneΞaI nucιeaΞ structure node1, p]:inariι]Ζ classical in iιs prΘ"

sent foΞm, basΘd on high sFatia1 s]ηnmetry. ProFerties success-
futly eΧaΙrined here are neutΞon, pΞoton, and mass r.Ιn.s. rac1ii,
quadrupo1e mαnents. and couloπ'ι' cπerqles for tφenty_sΘven nucιοi
j.n the s-d sheΙt and fo' 16o. The proton distrIbutton givοs radii
vliξhin the expeririιental error in alπosι a11 cases. strings of
lsotopes (iεotonΘs) are Fredicted to havo the saΙnΘ proion (nΘutron)

radii, vJhlch is exFΘΞiΙnentally justified ι,tthin thΘ exΓeΞiΙnental
erroΞ. τhe quadruFoΙe πonent predictions in ιlvenιy cases aΞe
idenιIcal to the exΓeriΙr_Θntal vaιues.

PDF created on January 29, 2012 by S.V.Harissopulos



2'7 .

6' SoLd:Ι' Abundanceε of ιlucιei αnd Νιcleαι Stlucture '

G. 9. Αnagnosιaιos

some ne!, featuΞes of the ac].a abundance distribut1on cuΞvΘ
have been studied τ'hicb Ιηay Γrove usefu]. in the development of
a nore cotnFrehΘnsive theory of th'e Θ1eπenι forπaιion. Ιn addi-
tlon, εoπe interesting and hjtheΞto unlanoιrn neutΞon excess versuΞ
neutΞoD nutnbeΞ corlelations have aΙso been found.

7' Dunαnie P"opeτtιeΘ of ΝucLei in the 8-d SheLL.

C, S. nnagnostatos

Thls work refers to ιhe salrιe nuclei as J-n the!'r.YjcJia ιττ\ : !'

and deals successfuι]_y wiιh th'eiΞ sFlns, parities and Ιnagnetic
dlFole ΙιoΙn'ents.

8. 0ι the Ιl α,tu"e of Bαckbendinq.

G. s. Anagnostaιos

An int-erΓretatIon of ι'aclbendinq is attenpted by assuΙι'ing first
that the "resf_crιng foΞce constant ι '' ls not really a consιant
for htgh angular Ιr,oΙτ!entιΙΙ1 states. but a function of the ΙΞoment

of ιnertla and second εhat, besides the stΞetchinqr of nuclΘaΙ
dilensions, a distoΞtion of ηuclear shape occurs εt these states.
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v. DATA coLLEcTΙoιτ AND

l - ι'αl'1' ι7't1'c9 A1'l'1' ι.1b l'e

PRocEιssΞ}τG

At the enaΙ of the Ξeport year facilities available for daιa
colιection include:
a'. A PDP 15176 coΙιΓuter vrith 16 k of 1B bit Ιιeπιory, caΞtridge

d1sk, cEιπRοNIcs printer, 7-ξrack ιtlagneιic taFe transport,
DEc-taFe. display with 119hι-pen anaι conso]-e ιeletype.
The disk, pΞinter aηd πagnet1c tape are new adititioηs. wit}i
thege the new on-].ine software ι,i11 be instaι].ed and event-
by-event collection of data vri].l be possibΙe. Four Νs624
λrcls are'inter-faced to the coπlputer.

b' An Νs600 ΙιuΙιichannel AnaιyseΞ l,riιh 4 k Metnory ιrhich Ls used
Ιηa1nly for x-faY and γ-'ray ι'or]r.

c. Five Ge(Li) and st(ιi) detectoηs of various s1ze9.
d. An "aΙmosε sufficl_ent'' nιr.ιnber of nuclear eΙectronlcs un1ts

either Furchased of construcιed localy (Dernokrltos Booo
εeries, ιlΙ}4 stanalard)

2. Suppoτt

g. Rcsεionides, v. ιatseΙis, λ. sokos, A. chionakis

The Ι:].ectroniοs r,IorkshoF has been occuFled w1tl! the Ιr.ainte-
nanοe of the comΓuter and the measuring etectronl-cs of thΘ
Laboratory. soηe Ιx1ior units (e.9. a 1 Lv power suppΙy for the
ιight pen) qiere aΙso constΞucteaΙ. During the Ξeport year three
nei', prograΙιιs have been added to the cn_.ιtne Ι,iιirary.
a. DETEcT.lrhich is a sirnuΙatoΞ of the Ιaass Ιdentifier bΘΘinα

devΘιoFed.
b. cotDΙE wh1ch a].Ιows digitaι vlndoψs to be get on the εPectruπ

froπ one AΙJc anaι routes the data fΞoΠ a seconaΙ Frc ιo diffeΞcnt
πemory aΞeas depending on the results of a coπParison to thΘ
ιIindows.
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c. ToTA wbicι! ls a nodificatlon of GoιDτE and uses for the Ξoutinιr
of energy sFectra nass v ιιues computed froΙΙ π and Tfiιιe of
E'1ight 1nf orτrιatlon.

3. Ma6ε Ιd,enti.fiel

v. f,atselis and s. Ι(osslonides

τhe develolrπιent of a spΘcIal purpose Processor is in the fina1
stage. ThLs procesβor ι'tlι speed up the πass calculations nded
by Ξevera]. experlπental Frogran'ιs for particle 1dentlflcation.
It Ψ11Ι directly access llsts of ΔE and E stoΞea ln πeΙnory anaΙ

aleFoslt t}Ε reruιt of the calculation Ln another ιist. Thus the __
proceasoΞ can be used for either on-ιine or off-line Ιnass calcu-
latioηs. After the succesful s1Ιιιu].atioη, the devlce has been
deε19nea1 to ΞeaΙιze the fΙoι.Ι-chart of ft9.13. currently the
layout of moduιes and tbe w1Ξin9 pΙans are beeLng pΞePared.

!'ig.13 Ε1σΛ, chaΞt of the iJΙass

identif ic;tion process
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1.
PuLε e -hei 91ιt -Sp e c'bτ d* .

P.A. Assimakopoulos anaι s. (osslonides

An- interactive progra.Ιn has been !'ritten for the PDP-15 computer
as aη aid in the ana1ysis of one-dimensional nucιear data (e.9.
γ-ray or chaΞged partIcΙe spectra). τt can hoτdever be used in
all cases where histograΙτι-type data with Poisson statlstics is
anaιyzed. The FΞoqraJιι πakes heaιγ use of the cRT screen-ιighι-
pen faciΙ1tles of ιhe PDP-15 foΞ interaction lrith the data and
.ls desLgneaι to run on a coΙιputeΞ ιJith the miniπuΙn of perIpheral
equipment, notably lrlthout a caraι reaaιer or .!.ineFrinιer - as is
usuaιly the case for coΙιιputers eπployed main]y foΞ on-line data
acquiεition. Due to these ΞestΞictions the sourοe progΞaln is
avallable only in the form of a DΓc-Tape. The DFc_'Tape conιains
a1l source (sRc) and btnary (Rτι1) files, as ι,ell as the apFroFΞiat.
xcT and ΧcU files, comFi ted undeΞ the cι{ΑτN systeΙn for si.ngle-'
cotnmanaι execution.

Dur1ng operation a pcΞtion of the data is disp1ayed on the
cRτ screen, ar] area of inteτesι is indicated with the Lightpen
and varlous Frocessing coπnanaιs are eraecuted by changing thΘ
sιate of the ACCUMUL}"ToF_ sτ^1ττcIΙgs. A 1o9 of aΙΙ operaιions and
regults is PΞintΘd on tne TeieιyPe. coιττlands aΙready incoΞForatei
Ln the systejι are' contΞol of I/o, polynoπial fit to Ι)ackground,
tentroid' and" area of peaks, πultiple (1 to 3) Gaussian fit.
The sεatistLcal errors assoοi.ated with each paraΙneteΞ aΞe a1so
computed. A coFy of the FrogΞaJι nay be obtained ,f,rom the cΡc
Prograπ Libra-ry. οueen,s Universlty of neifast, N. Ireland,
under catalogue \τuιnber ΑBΙ,πτ.

;;"-;"-;;;;'";;_i] 
"o.",,... 

ΡbYsics comraunicat1oηs
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5. LiLemαtieε of rhlee Bod!ι Reα'ctionε*.

P. A. Ass1ιnakopoulos

A revIev. has bΘen presenled of, the eΧFressionr eπployed in the
evaluaξlon of klneΙιιatic varιabιes in reacιions of the form
A+B-aa1+a2+a3. ThΘse Ιrariables inctude the klnetlc Θnergy of
PertlcΙes in the final state, ιlre relatLve f1nal state lnteraction
energy οf each FaiΞ, the corresponding centre of mass angles and
anglΘs in the centre of ηass systeπ of an inteΞactιng Ρair.
A1ι varj-abιes are comFutecl l"n pΞograΙn FAΙ{ΙNE3, ιrhlch has been
ιηrritt.en for the'cDc-3300 coπputer and 1s an extension of the
prograπ described in ref.(1). Α second FΞogram, PAΚΙPιoT, pro_
duces a ιlneprlnter 64x64 chalnel Flot of the kineπaιic ]_ocus
for the reaction. Both Frogramg rnay be obt'ained fΞoΙΙι the cPc
PΞograΙπ ιibΞary, eueen's University of Belfast, N. τreland,
under cataloque ΝuπbΘrs AΞtr4o and ABMp.

*To be bub1ished ln cοmFuter Physlcs coπununLcations

'!) P. Αssirιakopou1os, PrograΙrin No. 3, }τRCD,/τDR, 1965;
. DΕΜo 72/13. 1972
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6. AccELERAτoR oPERAaΙoN

s. vaιaιnontes, N. AndreopouΙos, A. Asthenopoulos, G. Prokos

The accelerator was not beavily used duΞ1n9 the course of
the'year and theΞe ιreΞe periods of rather sπalΙ denanal on beaΙπ

tirne" The ΙnachΙne tiπe d1stribution is aΘ follows.

TotaΙ runnLnq hour6 1668 hrs
chaΞged PaΞιicιe τnaluced x-rays 137 :r9 ( 88)
Heavy Ion Reaqtloηs 69θ ' (42*)
Νuclear structure spectroscoPγ 321 " ('!98)

Ιneιastic scatιer1n9_
-Gaπma-ray specιroscopy 332 Φ (2oz'

Accelerator suppoΞι Group 180 " (11t)

A majoΞ shutdo}rn was necessaΞy in septenber to replace the low
enοrgy acceιeratlng εube. Ξt rdaa found to be daηaged (around
the 25th electrode froΙτι the tank Θnd} aηd the daΙlage ldas aιtr1-
buted to secondary electrons emanating from the grided entrance
lens. The gΞ1d t^,as subsequenεly reΙnoved w1th aη appreclable
ιoss of trangn.ιgε1on ( froΙι 75z aL 2 Ι,Ιv to 40ι at 4 ι{v) trough
the nachlne. seveΞal effortε are currentιy in pΞogress to
reπedy the ιoss of transmLssion"
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7. PERSoΝΝEL

ReΘea"ch Std'ff

Dr G. voιtηvoPoulos, Dir'ectoP DΙ' A. Katsanos
DΙ' G. Αnagτlostatos D!, E. Ι(ossionides
Dr P. AssiΙnakopoulos Dr Α. Panagiotou (tilΙ sePt. 75)
Dr' A. ΗaΞtas (Resear'ch Αssociate) D3 Th' PaΙadel1is
Dr c. l(aΙfas ΙE' L. skoυΞas

Dr Α. xenouΙis

ο"αaιafu Stιden1'6

E. cazis
P. κakanis

M. Paαtazi
κ' Papadopou Ιos
Ν. Χir'oneτ,itis

Scientific AΘ aociαteg

PFof. €. AndΙ:itsopoιΙloδ (Univ. of τoannina)
Pt'of. ι{. Gangas (υniversity of loannina)
Ρ!'of. A. Panagiotou (υnivefsity of Athens'sincΘ sept. 1975)
Dr s' ,FiΙippakig (N.R.c. DEΙ.roκRΙTos)

0peιαtionαL Stαff

4999ι9Ξ-.Ξ9Ξ-Ξ-"PP9ΞΞ-999μP

s. valaπont e s
l'l. ΑndreopouΙo s
A. Artbenopoulos

_El9-o!Ι9Ξι9-999-"P

v. κatse1is, B.s. Matheπatics-
EΙectr'onics

A. Sokos
A. Chionak i s

99ηPμ!ΞΞ-ΞΞ9gΞ!t9Ξ _r-a9hΞ99-εΙ9P

I{rs κ' DeDakou, Γ, TrouPoskiades
B.s. ιratheπaticg o' Topikoglou
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Visitinq Scienbi,sts

Dr θ. co6ta

Prof. 
.s. 

FaιIieros

Pηof. R. F ink

Cent]1e de Recherches Nucl6aires de
str.asbourg, Γfance (Nov. 10 - Dec.10)

Br.'own Unive11sity' Providence R.Ι. USA
(June 25 - ιIuty 25)

Geo!,gia τnstitute.of Technotogy, At lant a
Georgia, UsA (Dec. 10 - JaΛ. 22)

University of oxford, England
(.luly 14 - Aug. 10)

Ε1oτida state Unive]is ity, Ta11ahassee,
Fιo)lida, UsΑ (ι4ay 21 - June 27)

F1orida Α and M Univer,sity' Tat1ahassee'
ΓΙorida, UsΑ (June 25 - Aug. 4 )

Texas Α and M ιrniveΙ]sity' co1lege station,
Teχas, ΙJsA (Νov. 15 - 3ο)

lJnivers ity of ΗeideΙbe''g, GeΞτnany
(Sept.2? - Oct. 4)

Ρ).of . P .

Prof . if -

Ε i s}ιei

Fox

P!'of . M. c!'eenfield

Pι^of. κ.

Prof.

Νagatani

N6renbePgtι.
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'l . T. Pai1ade111g and c.A. κaΙfas
Excited states ir, 107Λ9 f"o, the decay of 107cd

z. Ph)'islk q1 (974t 71. aΙd Pizika Ζ sυEτ)Ι.2 (1975) 164

2. c.A.κa].fas, A. xanou1is ana T, Ρar'ade11is
Transitional Nuc1"i,150s' froτn the decay of 150Pπ
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,urna_ι of Phystcs G1 (1975) 43B

Ιnterpretation of the non-zero enefgy foΞ Ιπ{* .nd the break in
ι{aIΙιnan i ε cιrΙ'ves.
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1. A.G. Hartas, P.A. Assiπakopou]'os, c.T. Papaaopou].os,
G. Αnd!itsoPoulos and N,H. Gangas
Study of ""Cu and ""Cu through proton inetastic scattering.

Rrl1. Im" Ptrt s" Soc. q 11975t 565

2" c.T.PapadoPou1os, P.A. ΑssiπakopouΙos' A.G. Ηar'tas'
G.A. AndritsoPoulos and 1'Ι,ιl. Gangas
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BΙ11' eΦ. PιΙys. sΦ. ! ('l975l 719
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