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I. INTRODUCTION

In the experiments described in this paper, the source of

Z~ray of a variable energy was a 24 MeV Detatron off Kerst's de-
signl’2’). The magnet wags made by Allis~Chalmers Hfge. Co. and

the machine and auxiliary circults were installed by the labora-

tory staff of the University of Sde Paulo.

% This papor wos presentved ab the Internationel Confercincc on the Feoeelul
Uses of Atomic bnergy, Unitod .cations, Gonova, fugust 8 - 20, 1955,
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V. DAPDRIEENTAL RESULTS
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activity in a ¢ C1, soamples neasured in o Iionld counter. A pure

5% minnto (T]/R) activity voan obooerved ond conotitutes an inde -
sendent check on the purity of thwe C €1, enployed in our neasure
nento. The obtoined rooulto ore repreosented in =i.ufo 10. The ob
corved threohold Tor thic reaction ia Found to bo 12,55 % 0.055
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Cylind al o'mples of diron were used in this cxpoerinoent
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cnd their purity vao Imowvmn by chonicol analyois ond wvas further

checkoed by the Induced activity under betotreon irrodiaticn. Thoe
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trolitic copner crylinders were uscd ond thelr purity
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wao cxamined by rodicetive procedurcs. Sphecionl cowe mast bo o onen

ciged in thio throzheld determination owing to the foirly large
["
opture croso-scction of Cn®’ Tor olow natrons, leading to tho
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a,20
Gurcmo*tﬁ have Lloeatod thio throghold o 20 10.80 = 0,2 and™d

lovg O 2 \.l’lL loa\.) L 012-

Since it io noual to calibr-te the botiatron wnoergy ceala

. 63 &2 . yoa
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Cylindoers of nure zine wore jrradcloted and the reoidnal
tivity wao neooslired in our atondard orrongoncnt for cylindricol
sarnlico. The obtodined recults are 1lluctrated in Disure 1%. S
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nuber of cotive nucledl dn o drpoadicted dioc of couy nHCL,

since Jor Gloco the doterudinction of the geoncetric officioncy of
rongcoont 1o loss cunbercone. Corroctions  WoDe
nafe for celf-aboorpltion ~nd coli-centterin

Tho clointegration ochene used in thoecoe computations Zor

[ N
eI Tr)v' Ty e PR - L T
Lo K e one aquoted by
Low snd Tovmocs. The reoults obinined Jor tho acilvatlon curves
wre meproecentoed in fisure 19, Fren theooe one enn obtodn tho
s

tione in €177

shown in Diguwre 20,
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(Y, n Jon™” :Al ('} 2n )in T and 2n (7 )Cu
Cylinders of puwee zline vere irradinted ot o diotonces of
50 c¢rle 0 the Detotron target duelng tine. ranging from B toe 20
mine, ond the cetlvity inducced waon ncooared Dy o cylindcricol
counter ror T2 hours; in thilo voy 1t woo poccible to ooporate
the activities orisinocted in tho folloving reactions:

L (54‘ 7 6‘3 Lo 1 e ~ Ty .
Zon (Y, 0 3ZnT7 with o half-life of 39 minutes, onitting posi-

trong of 2,56 mnad 1,40 MV,
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1200 hour ccetiviticos wore separated Dy Gboorp:-
tion teehnicues. Sone actlivivy fuce to Zn”’ Doracd Dy noutron cop

ture in Zn67 with 14 hours oo Lo boe oubtractod

fron the long livoed dgotepen nentioncd above.

The cboolute rate of Melntegration of o Zn dloe woo deter
mined by comparicon wvith o Copper comple irradintec in thoe s e
conditions: the other activitices were ceteriincd by coenplrisor
with the 38 wimntes activity. It wha poooible in this way to ob-

todin the activation curves Jor the i\qul’Ju lictad above; the
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although neacurcnents were not nnde abeve 22 MoVy ot 21 ¥V che
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ratic of the (7F, o) to the (?, nn) croco-oecilons 1o 1.0
the coane ratio computed fron thc ovaporstion model siven® O,

The viclde for thooe reactlons at the ¢xe oncrgy 1o 2003 thic

conctitutes o confiroation of the reoults obltained by Dyerly And
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Coront botatron cnergilcs in the sae arrongenent ddrceady Ceoerd-
hed For zince neaosurcaents, The ropidicl nuelaels PSO oo 2.5 il
mite (W f-1ife) pooitron caitior.

The oetivitics obtoined wcrc comparced to thoe ncetivity
boric acid comple in order te cbindn the abooluto rate of disin
tesration. The mown setivation eurve Tor tho reaction
016(? y 1 )O15 wos uoed Tor thoat purposcs The resulting ncetiva-

tion cwrves and erooo-scetions are shovn dn Tigure 20,
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Sciples 2 two groaw of sermoniu were dieeodioatod Curing
ten cinutens clzoc to the boet '!'ti‘“f)l’l K-mpony Lo e their netivie
ty woo Deacurcd with rnoond vdndov countor.e In omdor to obtoin
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the ~boolute rote of Qdsintegrotion the usual correctlons -wire
e I e USRS 1 B g
applicd and the Cicintogrotion scheacs ouoted by Wing™ 7 were uti

limed,
The activation cuxwes se obtaiwned o~re chovm in ¥l
and the corpceoponding crogg-secticng are illugtrated in figure

30. The yicelds obtadined at 18 eV for the ﬁbovo reactions Tt

A
£, The

aguite well the vicld data of Pricoe And KOTGb threohold
+

chtoined in owr meapurenent for GO7O at 12.1 T 042 MoV indicatoes
that the disintesration schone for germanicg 69 suggoected by Vay
And Voo ”)) i cerrcct.

The croosc~scetions present the peculiarity of o mamiioam
erogo~geetion ot an cinergy anoncdously high; however ac the ob-

tained dota were liaited to o masdlmygn onergy of 22 MoV, it wae

not poscible to obitain the £711ling port of the glont reoenancce.
Tho choulder nreccent in the sort of the crosa-soction luncdicte-
1y above the throsheld inddestes the procence of “buorptlon Sh
photons due to nagnetic dipole op/ond clectric quadrupoles

The chmractcriuti o of the debernlned erogo-coctions are

unown bolow

i
Elcuont Th?@” w01 d En%” 6(E. ) ~/TS(IE
o0 '

r

12.1 MoV PO oV Oel25% b 0.5 MoV - b

"

Go76 0.3 MoV | 18,96V | 0.3 b | 1.5 MV - b

7 - Szaariwz: Sn r, 1 )8n

Dizes of »rezooed camariung sxide were lreadinted ot several
chergico In opder to obtaln the sctivation curveo and croso-see=
tion for thic zeaction. Some eddfort woo opent to obltodin 2loo nore
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oo o long lived ccotivity prosent o the sompleo with o anild-li
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Timuee 2. The vicld per nele/vr/adn ot 10 MeV o io 0.24.10°, Inten
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che cxistence »f on wndetected iooneric troncition otate in

1 25 - X - o T
5 - Snl'/ belonga to one of the iglonds of ioonerion indicated
b i

2074208, - 2Q6+
P,DLOT 20 (r , 1 Q6+ 207

)T
This reaction woo otudicd in order to galn infornatiocon on
(4]

the voalidity of the evaporation model for the lead nuclens, Sin-

=z 0
ce the gamma-n croos--ccetizn has beon neacurced Before”” the knove

lolge of the gomme~p wcaction in the abeve mentioned isotopes
night pernit a compordicon with theory.
Tha cxpoericent con be nade casily by recidunl activity ne-

. o 5 . 207
thods cince boih Tlgoo anc T1° !

docay by cmiloocion of beta royo

of approxinately the oane oﬂtrgy, 1.51 ~nd L.45 MoV weopectivelys
begides thit, thoe 1x1;~livos of those icotopes are approxiliately
the cune, 4.2% and 4,70 nin.. Although o ceporation off the eon-
tributicne fron T12O6 and T12O7 vac attenpted uod ng the fact that

20 . N
7 cilto cone of

tho firot Joceo not ondlt gonne roye whilet T3
0.87 MeV, this attospt failled: o gawma-ray cryotal opectromcter
weing a cne-inch thick Nal geintillator was nooeubled but the

20 . e
7 io oo snall))

rclative intencidty of the gammdwrays in T1°
{ 0.00% ) that on insignifican£ nunbor of counts wore obtoined.

The rooulte of this work rofer then to the cun of the con-
tributions of PbeO! - PbZOS. Cylinders of natural lead were irp
racdiaoted at coversl cnergico ond counted in o cylindrical coun~
tor. Due to the high mass of the ecylinders, it was pocoible to
neasure the activotion curve down to 11 McV; the threcholds for
the reactions lic arcund 8 MEVY

- a2 .

The abogolute rate of ddsintegrotion wos deteruodines drpadis



ating clocs of Pb ond Cu together mnd conporing thele activiticos

After the ueunl cerpocticns, the activaticn cupve wao obtodned

= LS S R RN ey e S ey A .
LAgume 50y wAac Crooo=oCCTLlln COUMITC Bl 3, 10

ond io chowm in
Ucing thio ercso-scetion and acsouning that thoe

- - UL, ey n . i e T I T ) 207 - . + 1.1
croco-ccetion For the cum of the lootepes Pb ond Pb ig thw

aorie ag the ganaaen crogo-gcetion fop natural leady, one con con-

. . _ (7,
pute at cach ecnergy the ratio —— o Tho

oy . L e
OONG TRTLS NS

computed fren the evoperation model and the results are shovn in

the toble below and in figsure 35.
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80 26 x 107
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tion nodel fails Lo account for tho mumboer of enitted protons by
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but, bocices, it goto incereasingly wr
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energles.
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The ~dvent of the 24 HMeV betotron has nnde it poossible, in-



the lact few veors, to acauwnulate a wealth of infornation on the

¢

photonuclear procecses in the internediate energy ronges It hao

LSg
turned cut that, in 2ect mucliden Tor whieh the diTerent wmedes

I, =

ol decay of the coipound micleus has been enanined, & valuable

infornation on the behawicowr of the procesoes recponsible fow

i

the absorstion of the «lectronasgietic rodiation ie obitainceds In
two narvicular inctoncoes 1o wihvileh the de-eneltation ol thoe conr
pound micleus by sarca-roy ramgmissiOL wvao otudiod, it
ned cut thet thic offcet 1o not lerzer than about 109 of the
zomno-nentron node of Co~cmelitation™? ™. On the other hang, 1t
has been fairly well cotablichod that the de—-czeitation Ly -

]
L

single neutron LJlelop ig the predoninant node of decay of the
compound nuclens.

Fron the considerations outlined above it Ffollows that o
good cotisate of the cbsorption proceccocs of the clectromagnetic
radiation by the atonie mmeled is given by the analysis of gom-
2AENEULTon DroCeanen.

A coumen feature of the neaswwed crosg—-scetions Jor photo=
nuclear reactions 1o that the crocg-gecilon rises sloewly ot

throcheld and otayos nractically conctont for o while ricing

in a typlcol bhell-shaopod cunve videh is often roferred to 2o thoe

Several theorion hove beon nut forword to cxplaln the no-

;‘ o ; .A -
et 1 Ral .1 A e g LS o L B N ey R1e SN
sure of thic giont woscnance ™2 ceemsent thooo thoeorios
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independont of tho melcenr aodcls In porticular, the inteorated
crogg-occtlon for photon aboorpiion, as caleulated by thooo
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authors, noke use of the guantus mechanical suz rales, and glves
prodictions which are well verificd by the cuperinental dot aval
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Anothoer reoult of thio

nerey Uq Tor photon absorption,

con be
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nance, DL od as o fuanction
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theory io
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miclear ground otate, oo
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Tere, 6(D) i the muclear sbhocrptiion ¢
energy ©, ¥ is the froction of the ncut

P
IR R

of ¢RChange noture 1o the

;.J.

on off photous of

onwa“ﬂton Torge which ie

Mcleon NS

wo the integeale that occur in the cauction above con be
obtaoined Ffron the exporincatal data, it is poeaeible to compule
2 . ; . _ .
< v o and, therefore, to ghin some insight on the sub-units
00

viieh nre responsible,

in v ooaeloeus,

t )

In JTisure %6 1o illustroted the behaviour of <:r" >oaa 0P
o fwnetion of A for the crpoerivental Cate oveilsoble ond dron the
neamireients reported in thic poper. In the some fisurce two the-
orctical curvoen arze (rowan, corpegponding to o omodel Lawhich the
novtrone are frec o nove ingide the mucilew boundrry, ac define
el by ite rrdiung, ~nd dor oonodel dn which the sub- units reoporne-
gible for phouon oboorpulon ape to boe alvho~particlen,

It cooon that oo ovellable Mnto gtrongly oubstoneiotes
the nodcl dnowinich, nwot ool tho tine, the mucleons ore eluoter 0l

FoT

Lol

the dipole abgorption.
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o7 cloned ohello on the nhotonuclelr phononeno
sut by Nothono fad H?lp@fﬂ47; thoeon iavegtiga-
that nogic muclel show on ononalously DOrrew

holi-wicth. Thoe criterion uoed to evaluote thoe

icion oinece thoey con-~

sider in their ncosurcaents of the total noutron yield all
rodes of de~cxeitation of the cowpound rucleus in which ncutirong
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are cnittod. Aa
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dependent of tho

butions oy nagic

ture. As, on the
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of decay 1o Dy

avold the Jdiffic
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count thoe ¥
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whether o oopde
Ag once can

in an intervnl

single neutron end
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thie threshelds Tfor these proccgges are guite da-
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dipolce aboorption ncechanian, fortuitous contri-

orfeet that

oy night be Que to the ghell ctrug
other hond, 4t ig well cotablighed that the sud
crosoc-ccetion of the gloant regonance up to 4

B

oF cxeltation fer wihich the nrodominant modo

o
w21l

ion, a good criterion o

ultics Just di scun“(\c ccuild be to take ilntce ac-~

~

hold the ginnt reconancs curve Lo erxiine
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4

miuer offeet eiilnto.

D6 onining
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Tigure 37, goo{l eriterion to

voluate the oncet of the ddpole abgeorntlion Tor 2 given nuclous
is to Ceternine the in wiaich o otroizght Line drown through
the pointo Jer which w1/¢“k anﬂ.ﬁrax intercepts the energy oXic.
The dlatonces fron this point fto the cnergy ot which o do noxi-
1o proctlically twice ng loarge oo one half of the Q"Wﬁ L Cthe
hie reosulits obiaoined by plotuing SL,_&;DWnSL the atonie man
ber ore siven i Diswee 93. The S0t voed in thesce CQNUHCthO_
is ziven in the velercnce ot the end of thile poper. Ao one cin



oboerve, thoee o o clear ovidence for aoogic o
this graniy,
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1 s

gic mubor nuclides, one shonld cxpect thot neutrons 1n an excl-

tod conpound nuclous chould have o onaller chanco of boeding cndt-

T

tod ag comparcd with o nen~angle one at the soae cxeltation cnek

gy« Indcced, as folloire fron Bohr'o concent of the compound nucle

[}
:.'O . . 4

the level dengilty in o hoeowvy maclowg ine Creases renldly vl
1 <

N

the cxeitation cnergyv; it ig obvious, thercfore, thot the sudden
Crop in the ncutron binding cnoergy which is obocerved in nucled
beyond nagic mubers couge o corpechonding inerecce of lovel den
gity For the gaae czeitaticen cnergy. This arguoent ouggests o
criterion fo put in evidence ahy e fect that night bhe Aue to
shell~cifoctn.

I7 we congider o typicol croasg-section ag repreocented in
fimure 37, one can dedine o narometer A which o o nognituloe g

nondent oo the level density, and, therclfero, toles intoe account

[} o : I " 3 ‘J'S '
the steepness of rige of the crosu—scetion’ .

Pop nogde nueled ond neigabouras one should cxpect A Lo be
laxger thon for tho others. The ecesulte obtoine” by computing

thle porancter for covernl miclides are represcented in fisure 29

and in Toble T; dor whidch the roferences oare Ziven 2elov.

-

[ ) )

The chell ctructure 1o cloorls omilvited in thic curve at

nclides Tor whdelr W io cgual te 20, 28, 50, 82, 120 nd the
gifeet 1o ne~ton Jor I nnosenmeberss.

The worl: decceribe’ in this papcer o supported with Dunds

' o

Tron the Undve ““¢53 ¢ 880 Pomlo, ond, i part, by Congellio No-

cional <o Peooudnac.
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