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The etudy of the photoproduction of Be7 from light nuclei
i~ interesting from the point of view of obtaining informetion
on the m echanism of interaction of high—energy gemme quanta
w i t h  ~ t ’irii~ nucl e i .  Be7 is a coi ven i eri t res iduel  nucleus for
the study of nuoleF’r re~ct1ons through ectiv~tion methods. A
great number of works now exist In which there is studied the
production ~f the residuel nucleus Be

7 under exposure to high—
—energy pr~tons.

The photoyleld of Be7 was studied in works /1—8/ for

60 Mev . An exception is the measurements of th~ yield

of Be from carbon /1,2/ that were carried out f~r e max imal
bremastrahlung of up to 1,0)0 Mev .

In the present work there are rne~ sured the yields of Be7

from natural isotopic mixtures of tht~ nuclei of carbon , boroi,
beritlium , ~nd lithium in the range of energy 

~~~~~ 
from 80

to 1,180 Mev.

Procedure
The decay of Be7 WPF identified from the half—life T and

energy~ of photons formed In the decay of Be7 as diagrammed
in Figure 1 /9/.

A ohareoterietic feature of the reFction s studied is a
relatively low induced activity per unit of rediation passing
through the target. This is connected with the emsil magni-

tude of th~ orcea section , the lor~ h lf— ~~il’n ‘~f -tb .~ l .~ u’
Be7, end the small probability of the trer~ ition into P strte

with energy of 479Mev of II
’
~. T~ shorten the tise of r,’diativrI

the targets were gatheTed In pilea , which were irradiated by
electron beams of linear •coslsrators at 36Of~!ev . end 2 Bev. at
the Kharkov Physioc—Technical. Institute of the Academy of cci—
encee of the Ukrainian S~R /10/. The characteristics of the

targete are given j r  the table.
FTD—ID( R5) 1—0407—77 1
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Element Physical State Mechanical Form Thickness of

Target, g./’~r.
Li Metal Pressed in c~rtainer 0.534
Be Metal PlFte 0.545
B Pn~der Pressed in container 0.685
C Graphite Plate 0.43

To avoid oxidetion the metal lithium war prc’ssed into alumi-
num hermetic containers with a diametet- ef 30 mm . end a thick-
ness of walls of ~0.1 mm . Measurements showed that the activity

induced in the container could be ignored. The boron targets
were prepared by pressing the powder—like boron into the same

containers. All the targets had a natural isotopic make—up.

The yield of Be7 was measured with resnect to the reaction
Al27 -~ i~~24 . U n f o r t u n a t e l y ,  the y i e lds  of this reaction wh’~ch
are measured in vrTIouP works /11—15/ differ substantially . ~e
a result of suppl ementary measurements we oarried out of the

yield of tiie ~‘ ection &2.. c11 /15/ for 
~~max 

150 Mev., pre —

ference was given to the results of Meyer at al. /13/ end ~ as—

sa!ke /12/ (see Figure 2).

The procedure of irradiating thr ’ targets Was P5 follows.

An electror) beam was dir~ oted at a tantalum radiator with a

thickness of 0.1. rFdiati ”n unit i . iJireotly behind the redi~~tor

there was placed a pile of targets. I~ such an er~er gement of

the exnerliiten t, unlike work wit h a beam of brernestrshltrng, the

time of exrorure In the irradiation of the targets is practical-

ly not affected by the energy of the electrons. A ahort—comin~
of t i e  method Is the n e ce s s i t y  of c o r r e c t i v e  s ep ar at ion  of t i e
contribution s ~f electro— end photoactivEtion .

FTD—rD(Rs) 1—0407—77 2
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Figure 1. The decay of Be7 /io/ . 6~.cM2 
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Figure  2. The dependence of the y iel d of the r e F o t i o r )
on the maxima] bremsrtrehlung energy.

When e I ectr ne pass through matter there eri~’ea bremsstrah
lung, whose inten sity is or’-’portional to the length of the

braking dis tance passed thr ou. rh by the e l ec t rons . it  is not
d i f f icu l t  to see that  the yield of the nuclear reaction f or
one electron and nucleus—target has the form

Y(E ~, 1) = o ( E 0 ) -4- OQ (E ( ) t  
~Q (I + ( 1)

Here Ce is the cross—section of electroactivation , (i~ is the
cross—section of photoactivetion for one equivalent nhoton , t
Is the braking distance in rediati-n ,units, te uiv ~~ 1. th~q
equivalent  r adi at ion  thickness, which  is taken as equal to 0.025
ir~ accordance w i t h  the f i nd i n~ a of work /10/ .

R~1stion ship (1.) Ia valid for val’;es of t that are small.
by cor~pr r i son  w i t h i  the redietio ri unit .

The t ime of exposure  for  a stream of e lec t ron s onto the
converter of ~ 1 m i~~ropm pere was 2 hours for LI, B, end C end
20 minutes for Be. The berillium ta rgets  were irradi~- te d

FTD—ID( RB~ I— 0407—77 3 



seperately from the ot h p r p  to e~i oj d  the a c t i v a t i o n  of t i e  t e r —
gets by photoneutr’ns. The decay of the residual n u oj e u s  Be 7

was ragistere ( by a scintillation spectrometer with en NeJ(T1)
crystal with dimensions of 60 , 60 cm. /9/ connected with en
AI—128—1 amplitude analyzer. The N9J crystal with a photomul—
tiplier was located in e protect ive  lead c a s in g  w i t h  wells 5 cm .
thick.

Me~suremen~s were p erfor r r ed tw” months after irradiation .
W i t h  the aid of a G e ( Li)— d e t e ct or  there  were made control tests
suggesting that the contribution of annihilation ~‘—quente was
p ra ct i cal l y  absent.

Calcul~~t ion  of the re~ction cross—sections was p er fo rmed

~ the method of m i n i m a l structure /16/. The comnut~tions were
done on an M—220 electronic computer .

Results and Discussion
C12 -. Be7. The reaction of photoproduction of Be7 trom

carbon was prbposed by Nepoli /2/ as a monitor reaction for high
energy photons.  The absolute cross—section obtained in th is
study equels (0.12 ~ 0.02) miliibern and is constant in the
400—900 Mev. photon energy range .

From Figure 3 i t  is appa rent that the croap_section s ob—
t a m ed by us within the limits of error agree with the results
of measurements by other authors /2—5,7,8,17/. The absolute
cross—section = (0.13 + 0.03) millibarn for Et h h  = 26.3
Mev . (the beet of the reaction C12(~~,an)Be

7). The yield curve
corresponding to this cross—section and depicted in F igure  3 by
the broken line agrees within the limits of error w i t h  the ex-
perimental. points , except for energies E y> 1,000 Mev, where there
i~ observed a tendency of the cross—section to increase.

B .~ Be7. The yield of Be7 from borium for one Eucleup of

4
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the target is shown in Figure 3. The absolute cross—section
(0.06 + 0.02 ) mi~~l ibarn fo r  E 20 Mev .
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F~gun-e 3. Energy aeperaericy 01 croes—s~ct~ions end y~ eias of
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unbroken curve 

~ k 
— excitation function , calculated by the

method of least squares from experimental data ; broken curve —

— yie ld  corre sTon ding to the exc i tat ion  f u n c tion .

Be9 Be 7. The heat of react ion Q = —20.6 Mev .

The arose—section of photogeneration of two neutron s on

ben Ilium in the region of “giant resonance” wee not measured

because it Is djffI~ ult to recreate the excitation function fo~
tile reaction . In Figure 3 the broken curve shows the machine
rprroximrtion of tie yiel d 

~Q
(Bymax)~ 

the solid curve is tie

calculated value of

From the diagram it is apparen t that the  for m of the cross—
— sec t ion  curv e is cl oae to the  curve for  the re1~ t lon  of the
f u ll  cr oss—sect ion  of deuter ’~n nhot odtsiritegr~ t ion  to the energy
of the photons, which fact, In our opinion , argues for a quasi—

—deuteron mechanism for the reaction Be9(v2n)Be7.

The fact that the cross—section s of photoproduction of Be7

fron carbon end boron are independen t of the energy of t~ e ph ’~—

to~s, sur~gesta tha t in those reactions for ~~~ 150 Mev . en
FTD—ID( R 3 )  I~ C~4CY~~77



essential rol e is played by the uroceeses of photoproductioni of

7’~—mesons W L t l tn the nucleus.

LI7 Be 7. The relation of the reaction yield to the
maximal energy of the b r ak ing  spec trum is sh~~ n In F igu re  4. It
is epnerent tha t t h e r e  is taking pl~ ce the yield of Be7 ~elow the
threshold of ph otopr o duc t ion  of )~—me son s, w h i c h  is due to  the
photoproducti-n of Be7 in imnu r i t i e s  end the  react ion  Li 7(p n ) B e 7

Or sec~nda ry pyoton~~~. We considered the energy dei’erderce

of the y i e l d s  of the reaction s that are responsibl e for the
pro~uctior of Be

7 in the pre—threshold region to be the same as
for the reaction C12 ~ Be7. The norma l ized for pre—threshold
activity yield i-if this reaction is phown in the figure by a broke
line. The yield after elimin~ tion of t i e  back gr und  end t~~e ex-
c i t a t i o n  f u n c tio n  of the  r e a c t i o n  a t e  shown in F i gu r e  3. The

excitFtion function WpP approximated by a fifth order poipTIomipi.

ion Li7(~ 1 )Be 7 is very conv enient for theoretical

irterp since in the Be7 nucleus ther e are only two bound
levels. ~o one, however , has yet calculated the cross—section
of th is reaction . It car be estimated with respect to the cross—

—section of a kn ow n rea ction , for exemnie , B~~ (y ~~~~)C
11, pp w~s

don e by Meyer end others, from the relationshi p

fl l i t  (~‘:i Be ! 
- 
N 11 (Li ’) NM (Be7)

(~‘t )C’’I N (RU ) N. (Ct )

where N and N ste the numbers of initi al end fire) stFtes.

As wee shown in  w ’~~k /18/ , N~ (B )=4 ; Nk,~
(C )=15.

I~ the initia l state of the Li7 nuc l eus th e~ e take re rt  in
photoproduction two neutron s with the c”nfiguratinn lP~ . The Be7
nucleus baa two levels, inc1udii~~ the basic state of nucleonis
stable for emission w ith the confi~-urrti’~n iP4, which givcs fout
firil. states for Be7. Substituting theee values in (2), we ob-
ta in

FTD—LD( R~.i) 1—0407—77 6



‘~ lL i 7 (V:~~3 13e7j 
__ 0,20. (3)

The ie  was e xr e r im e n ta l l y  obta ined the v a lu e  0.3 + 0.1.
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F ip u r e  4. The r e l a t i o nsh ip  of the y ie ld  of Be 7 fror LI 7 to
E~~~81

: the broken l ine  is  the background a c t i v i t y .
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PII OT0p ROD tJ C TIO N OF Be 7
FRO M CA R BON , BO R ON , BE R I L L I U M  .\NI )  L I T H I U M

~c. I . \ oga . Vu. .V. Ran yuk , P. V. Sorokin , V. A. Tkac l ten ko

S u ni m a r V

The nu c l ide  Be7 wits  produced by i r r a d i a t i n g  carbon. boron. b er i l l i um and l i t h i u m
w i t h bremss t r i t h lung  f rom th e Kh ark ov electron l i n e ar  accel e rator .  Yield curv es are mea-
sure d and cross st-ct ions a rc calculat ed for photons up to I I  ~0 Mes ’ .
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