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Is INTROLUCRION

The investigation of (y,d) reactions at low energles has at-
tracted some interest recentlyl’g. Sawickil calcunlated the cross sec~
tion for the photoemisgsion of deuterons assuming a mechanism In which
the outgoing proton "picks-up” a neutron in the outside shells of the
nucleus; using the independent particle model he obtains cross sec-
tions of a few millibarng, which ere of the correct order of magni-
tude, although bigger than expected on the evaporation model,

It has been noticed in =11 the investigated cases that the re-

s Thir work was donme under the suspices of the Conselho Lacional de Yesquisas
ri{pices of Brezil.
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actions (y,d) and (y,np) occur about 10-100 times more frequently than

expected. This is the case in sulphur3 and copperu’s. These measure-
ments however glve no more information than the cross suction at a few
energles,

At higher energies (50-150 Mev) a number of measurements lave
been madeé’7, including the energy distribution of the emitted protons
and the angular correlatlion of protons and neutrons. The ‘guasi-~deu-
teron" model of Levinger8 seems to be quite successful in explaining
the results.,

In the low energy experiments, Katz and Penfold used the resi-
duel activity in P39 formed in the reactions (y,d) and (y,ap) 1in 53¢
to measure the cross section for the reaction. Preliminary work of
the same type has been made by S, 5, Villaga and J. Goldenmberg in se-

9. In this type of experiment the only hope of

veral other elements
distinguishinglbetween the emission of deuterons and uncorrelated neu=
trons and protons 1s the threshold for the resction which is 2,23 Mev
smaller for (},d) than (},np). No peculiarity was found iIn this regicn
by Katz and Penfold who report however the existence of a "bump" in
the cross section at higher enerzies attrivuted to the fall of (},d)
and rise of (y,np) reaction, This iaterpretation can however be se-
riously ecriticized,

In this paper a report 1s made on measurements of reactions
(y sa) and‘(},np} in 532, Znéu, Zn66 and Fesu; radiochemical methods
were used to separate the parent from the daughter nucleus respecw
tively 130, Cuéa,‘Cuéu and Mnsu°
Great care was taken In measurements in the 2 Mev region above

the (y,d) and below the (},np) threshold. The results show that in
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this region the (y,d) cross section goes through a reaonénce with &
maximum of about 1 mb; at energles above the (),np) thiashold the eross

section rises agaln to 3mb and goes probably through a second maxi=-

mam .

1I. EXPERIMENTAL PROCEDURE AND RESULTU

Sample of materlals containing sulphur, zine and iren wo e ipe
radiated in the X-ray beam of the 22 Mev Betatron of the University of
88c Paulo in energies ranging from 16 to 22 Mev variable in steps of

500 Kev, 1In Table I pertinent data on the irradiation is given:

TABLE I
Parent Material Quantity  Daughter Half-life Time of
nuclsus used of sample nucleus Irradiation
532 (NH,),80, 150 gr p30 2,55 min 5 min
2% 70 20 gr w® 10 min 10 min
2a%® 2.0 20 go el 12.9 hr 20 min
Fesu Fe_(NOB)3 5 gr Mnsa 21 m + 6,5 d 20 min

In Table II are the threshold for the pertinent reactlions,

TABLE II
Parent Daughter Threshold Threshold
nucleus nucleus for (y,d) for (y,np)
53¢ - 19.15 Mev 21.38 Mev
2004 cu®? 16,01 18,2l
2n%® cubH 16,42 18,65

peolt Mn22 16.51 18,77
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The thresholds in TABLE II were calculated from the work of
Wapstralo° The chemical separations are described in the appendix.

In each case a test of purity of the substance used was made, follow-
ing carefully the decay of one sample and checking the half-life; chem=
ical tests of purity were also made. In the case of Zne’LL the absolute
activity was found by comparison with the activity induced in Cu63 by

a (y,n)'reaction, which gives exactly the same end produét‘cubee

The excitation function and e¢rocss section for the reaction
anu(),d)0u62 + anu'(?,np)(}u62 are shown in Figs.l,2,

In the measurements of Zn66 a aifficulty arises due to the fact
that the reaction Znéa(},p)0u67 contributes appreciably to the éounting
rate; 1t was decided not to eliminate this reaction in order to have
something to compare with the (73d) reaction. The excitation function
for the Zn66(},d)0u6u + Zné’é’()',,np)Cu{?‘]‘L is shown in Figs. 3,4 together
with the results of the reaction anﬁ(}r,p)Cué?o The cross section for
the (},d) and (},np) is also shown.

It 1s seen clearly in the excitation function of Fig. 3 the
slope change in.the (ysd) and (},np) curve responsible for the first
maximum in the c¢ross section curve, This change of slope is absent in
the (7,p) reaction al though this is a reaction in which charged parti~
cles are emitted too.

It was thought that a good check of the experimental procedure
was to remeasure the (),d) reaction in 53¢ and the results obtained
are shown in Fig. 5, normalized to those of Katz and Penfold at 22 Mev.
The good agreement in shape of the two curves indicates that no pe=
cullarity of the kind found in Zn, is present between 19.15_gnd 21.38

Mev; our measurements do not extend to 25 Mev,

Finally a careful search was made of any activity provenient



"

“G= -
from the 21 min isomeric state of Mn52 and the same was done with the
6.5 day activity; none of these were found end this enzhbles us to put
an upper limit in the reaction Fe5”(},d)Mn52 + Fe®Hy ,np)Mn®2 of 1/30
the value found for the reaction Znéhty,d)cuéz + Znéu(y,np)Cubaa The
upper limit of the yield per mole per 100 R/min in Fesu Lo Enbutou at
our maximum energy. No reasan for this anomalous low yi: 't v found,.

The curves of the reactions in Z2n show then a peculiss ooape which
does not appear in Sawicki's paper; thls behavior could not arise ap-
parently, from competition due to the onset of the (r,np) reacticn.
The results are more of the kind of a photodesintegratlion of the deu-
teron, with a sudden rise and fall down in the cross sectlon; we feel
tempted to say that some outgolng neutrons of the nucleus (there are
ebout 100 times as many neutrons as deuterons in this energy reglon)
can "pick-up" protons with the right momentum to form bound deuterons
and éome outs, As the energy of the neutrons increases, less of these
procegses occur until there 1is enough energy for the emission of un-
correlatéd'neutrons and protons,

More experimental work is 1In progress in other elements.

APPENDIX

Separation of Cu from Zn.=- The irradiated Zn0 was dlssolved in
12 N HC1, 20 mg of Gu'' added, diluted with H,0 and the Cu'® reduced
to Cu+ with sodium bisulphite, The Cu was precipitated with NHuSCN,
the precipitate of CuSCN was coagulated In an ice bath, filltered,
dr?ed, weighed and counted with a Nal scintillation counter,

Separation of P from S.~ The irradiated (NHu)ESOu was dissolved

> ,HNO3
and 20 mg of Fe+++° The Fe was precipltated with an excess of NHMOH

in hot water, 1 mg of P as POHHB added, then it was added NO
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and 1t carried the P. The precipitate was quickly filtered and count~
ed with a thin wall Geiger céuntera

Separation of Mn from Fe. The irradiated hydcated ferric nit-
rate was dissolved in hot HiO; and 20 mg of Mn"" added. The Mn was
precipltated as MnO, with KCIOB, the solution was dilut«d w!th water,
cooled, filtered, weighed and placed in a test tube thi-k -nough to

absorb all the posltrons. The samples were counted with a «e¢ll zrys-

tal scintillation spectrometer, set to count annihilation radiation.
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