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7

The study of the photoproduction of Be' from light nuclei
i interesting from the pnint of view of obtaining informetion
on the mechenism of interaction of high-energy gemme quante
with atomic nuclei. Be7 ia 8 convenient residusl nucleus for
the atudy of nuelerr rersctions through ectivetion methondsa., A
gres% number of works now exist in which there is studied the
praoduction »f the residuel nucleus Be7 under exposure tn high-
—-energy protons,

7

The photnyield of Be' was studied in worke /1-8/ for

Eymex = 60 Mev. An exceptinn is the messurements of the yield
of Be7 from cerbon /1,2/ thet were carried out for & meximal

bremsstrahlung of up to 1,000 Mev.

In the present work there ore meessured the yields of Be7

from neturel isotopic mixtures of the nuclei »of cerbon, boron,
berillium, end lithium in the range of energy Evmax from 80
to 1,180 Mev.

Procedure
The decey of Be! wes identified from the helf-life T end
energy € of photons formed in the decesy of Be7 ee disgremmed

in Figure 1 /9/.

A cherecteristic feature of the resctions studied is @
reletively low indaced ectivity per unit of rediation peeeing
through the terget. This ies connected with the emell megni-
tude of th~ croes section, the 1omg hr1f-1ife »f the nuslieuns
Be7, end the small probability of the trernsition into & stete
with energy »f 479Mev of Liv. To shnrten the time of rrdietinn
the tergete were gerthered in pileer, which were irradieted by
electron beeme of linerr eccelerrtores 8t 360Mev. end 2 Bev. et
the Kherkov Physico-Technicel Inestitute of the Acrdemy of Sci-

ences of the Ukreinien SSR /10/. The cherecteriastice of the

tergets sre given in the teble.
FTD-ID(RS)I-0407-77 1
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Element Physical Stete Mechsnicel Form Thickneeces of
Terget, £./cm.
Li Metel Prescred in c¢ongainer 0.534
Be Metal Ple te 0.545
B Powder Presred in ennteiner 0.685
c Grephite Plete 0.43

Tn eavoid nxidetion the metszl lithium wase pressed into 2lumi-
num hermetic conteiners with # diesmeter of 30 mm. end & thick-~
nesgs of welle of ~0,1 mm. Messurements showed thet the activity
induced in the conteiner could be ignored. The boron tergets
were prepered by preseing the powder-like boron into the seme
ecmteiners. All the tergets hed ¢ neturel isotopic meke-up.

The yield of Be7 wee mersured with respect to the reaction
A127 > h924. Unfortunstely, the yielde of this vesction which
ave mersuvred in veyinue works /q1-15/ differ subetentielly. Ffe
& result of supvrlementery messurements we cerried out of the
vield of the resetion C12w ¢t /15/ for B,
ference wes given to the resulte of Meyer et 21. /13/ and Nee-
sa,ke /12/ (=ee Figure 2).

= 150 Mev., pre -

The procedure of irredieting the tergete wee es follows,
An electron besm wes directed et e tentelum redistor with o
thicknesrs of 0.1 redirtinn unite, Divrectly behind the redistor
thetre wea pleced # pile of tergete. In such an eriengement of
the exvneriment, unlike work with & besm of bremsetrehlung, the
time of exponcure in the irrediestion of the tergete is precticel-
ly not affected by the energy nf the electrons, A short-coming
of the methnd ie the necessity of corvective sgeperetion ~f the
contributiong of electrn~ end photosctivetion.

FTD-ID(RS)I-0407-77 2
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Figure 1. The decey of Be! /10/ J Ga.cM?
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Figure 2. The dependence of the yield of the resction A121»N824

on the meximel bremestrehlung energy.

When electr ns pess through metter there erires bremsstreh-
lung, whose intensity is proportionel tn the 1ength nf the
breking distence pssred throush by the electrons. 1t is not
difficult to see thst the yield of the nuclesr reection for
one electron #nd nucleus~target hes the form

Y(E.t)=0,(E)+0,(E)t g (t + {,‘w), (1)

Here U ig the cross-sectinon of e]ectroac*\;i\wtirm,f’j\2 ie the
crosa-gection of photnsctivetion for one equivelent vhoton, t

ie the breking distence in radietjon,unita, tequiv = 3% is the
equivelent redistion thickness, which is teken as equel to 0.025
in meccordence with the findings of work /10/.

Relationehip (1) ie velid for velies of t thet ere smell
by comperison with the redietion unit.

The time of exporure for e streem of electrons onto the
converter of ~1 mi~ronempere wee 2 houre for Li, B, #nd C end
20 minutes for Be. The berillium tergete were irredirted
FTD~ID(RSJI-0407-77 3




seperately from the others to evoid the ectivetion of the ter-
gets by photoneutrona., The decey of the residuel nucieus Be7
wes regirtered by e scintilletion spectrometer with en NeJd(T1)
cryetel with dimensions of 60« 60 em. /9/ connected with en
AI1-128-1 emplitude enslyzer. The Ned crystel with e photomul-
tiplier wee loceted in e protective lerd cering with wells 5 cm.
thick.

llersuremenis were performed tw, monthe after irredistion.
With the #id of @ Ge(Li)-detector there were mede control tests
suggesting thet the contributinon of annihilation‘Y—quanta wee
Prectically ebsent.

Calculetion of the rerction crner-sectinne wes performed
ly the method of minimel structure /16/. The comnutetions were
done on en M-220 electronic computer.

Resulte snd Digcussion
012-0 Be!. The reaction of photoproduction of Be7 from

carbon wes proposed by Nepoli /2/ 2s @ monitor reection for high
energy photons. The ebsolute crosc-section obteined in thie
study equels (0.12 + 0.02) millibern end is constent in the
400-900 Mev, photon energy renge.

From Figure 3 it ie spperent thet the cross-sections ob-
teinred by us within the limite of error egree with the results
of mersuremente by onther suthors /2-5,7,8,17/. The ebeolute
crnes—gectinn dK = (0,13 + 0.03) millibern for Bebveny ™ 26.3
Mev. (the heet of the resction Olz(Y;an)Be7). The yield curve
corresponding to this cross-section snd denicted in Figure 3 by
the broken line agrees within the limits of error with the ex-
perimentel points, except for energiee Ey3 1,000 Mev, where there
is observed # tendency of the cross-section to incresce.

B «» Be7. The yield of Be7 from borium for one pbucleus of

4
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the terget is shown in Figure 3.

The sbsolute cross-section

« = (0.06 + 0.02) mi}libern for E . = 20 Mev.
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Figure 3. Energy aepercency ot cross-sections e£nd yleldq of

reections: ) - experimentel reletionship of yield to E.

‘mex’
unbroken curve —U’k

- excitetion function, cslculeted by the
methnd nf lesst squeres from experimental drte; broken curve -

Ub - yield corresvonding to the excitetion function.

Be’ o Bez. The heet nof resction Q = -20.6 Mev.

The cronss=-sectinon of photogenereation of two neutrons on
berillium in the region of "gient resonence” wes not measured
beceause it is difficult t» recreste the excitetinon function for
thia reection. In Figure 3 the broken curve showe the mechine
eprroximetion of the yie]d<‘Q(E ¥,

celeuleted velue of 7, (Ey).

Vmex the s0lid curve is the

From the diegrem it ies epverent thet the form of the crose-
-cection curve is olose tn the curve for the reletion of the
full crose~section of deuter n photodiesintegretion to the energy
of the phntone, which feet, in our opinion, ergues for ® quesi-
~-deuteron mecheniem for the resction Beg(v2n)Be7.

The fect thet the crose-rections of photoproduction of Be7
from eerbon end boron ere indevendent of the energy »f the phn-

tone, sugpente thet in those reectinne for E, > 150 Mev. en
FTD-ID(RS5)I-G407-77 5




escentiel role ie pleyed by the vrocesses of photoproduction of

TT-mesons Wwithin the nucleus.

L'l7 - Be7. The reletion of the reection yield to the

meximel energy of the breking spectrum is shown in Figure 4. It

7

is eprerent thet there ie teking plece the yield of Be' below the

threshold »f photoprnduction of j-mesong, which is due to» the

y 7

photoprnducti~n of Be' in impurities #nd the reesction Li7(pn)Be
on fecndsry protone, We considered the energy demrendence
of the yields of the reections thet are responsible for the

T

procductinn of Be' in the pre-threshonld region to be the ssme @=

for the reesction 012 -+ Be7. The normelized for pre-threshold
ectivity yield ~f this resctinon is shown in the figure by & broke
line. The yield efter elimin: tinn of the bseckgr-und end the ex-
citetion function of the reesctinn sre shown in Figure 3. The

excitetion functinn was spproximsted by # fifth order pnlynomiel.

The on Li7(V7’)Be7 is very convenient for theoreticel
interp gince in the Be7 nucleus there are only two bound
levels. 1o one, however, hes yet crlculeted the cross-section

of this resction. It cer be estimeted with respect to the crose-
11

-gection of g known rerction, for exemvle, Bll(YT\‘)C , PR WeS®
done by Meyer end others, from the reletionship
oL () Bel] Ny (Li) Ni(Be))
o B (yt ) CH Na (B N (CY)

(2)

where Nn end NK ere the numberg »of initiel end finel stetes.
As wae ghown in work /18/, Nn(B11)=4; NA(Cl])gls.

il

In the iritial stete of the Li' nuecleus there teke pert in
photopronduction two neutrone with the eo-nfiguretion 1P% . The Be7
nucleus hea two levels, including the beaic stete of nucleons
geteble for emission with the conficuretion ng, which gives four
firel stetes for Be!, Substituting theee veluee in (2), we ob-

tain

FTD-1D(RS) I-0407=77 6
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o [Bll(.‘,n_) Cu] == 0,20 (3)

There wee exverimentslly obteined the velue 0.3 + 0.1.
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Ficure 4. The reletionshivp of the yield of Be7 from Li7 to

EYmax: the broken line is the beckground esctivity.
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PHOTOPRODUCTION OF Be’
FROM CARBON, BORON, BERILLIUM AND LITHIUM

V. I. Noga, Yu. N. Ranyuk, P. V. Sorokin, V. A. Tkachenko
Summary r
The nuclide Be? was produced by irradiating carbon, boron, berillium and lithium '

with bremsstrahlung from the Kharkov electron linear accelerator. Yield curves are mea-
sured and cross-sections are calculated for photons up to 1180 MeV.
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