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1 LEGAL 
Thia r o w  waa prepared os an occount of Government aponaored work. Neither the United Stater, 

nor tho Commiaaion, nor ony pmrron acting on behalf of the Commiaaion: 

A. Maker any warranty or rmpreaentation, expeared or implied, with r e a p c t  to the accuracy, 
completeneaa, or uaefulnosa of th. information containod in  thir report, or thot the uao of 
any Information, apparatus, method, or procear diaclored i n  thir report may not infringe 

privately ownod right.; or 

B. Aaaumer any l iobil i t iea with rerpmct to the ure of, or for damogea reaulting from the uae of 

any information, apparatus, method, or proceaa diacloaed in thia report. 

Aa used in thm above, "peraon acting on behalf of the Commirrion" include. ony employee or 

controctor of the Commiarion, or employee of auch contractor, to the extent thot auch employee 

or contractw of the Commiaaion, at employee of auch controctor preporma, diaaeminotea, or 

providoa acceaa to, any information purawnt to hia employment or contract with the Commiaaion, 

or hi. employment w i t h  such contractor. 

& 
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I. INTRODUCTION 

Energy spectra  of neutrons produced by *He++ ion  bombardment 

of ‘Be were measured as a function of neutron emission angle 8 

and bombarding energy E , f o r  E = 6 t o  10 MeV. Three neutron groups, 
a a 

t he  no, nl ,  and n2 neutron groups from the  9Be(CY,n)12C reac t ion ,  

leaving 12C i n  the  ground, first,  and second exci ted states, were 

w e l l  resolved i n  these  spec t ra .  

of lower energy neutrons from the  very broad n4 l e v e l  and frm other ,  

lower Q value, reac t ions .  Without a complex shape analysis’  these  

low-energy neutron groups cannot be resolved, so tha t  the low- 

reso lu t ion  neutron spectrometer used f o r  these  measurements proved t o  

be an adequate choice. 

Below these  groups l a y  a continuum 

Angular d i s t r ibu t ions  reported previously f o r  E = 6 MeV 
a! 

( R e f .  2) and 10 t o  22 MeV (Ref. 3 , b )  i nd ica t e  t h a t  f o r  the no group 

the  da ta  are insens i t ive  t o  bombarding energy E 

but  t h a t  at E& = 6 MeV the  angular d i s t r i b u t i o n  i s  q u i t e  d i f f e r e n t .  

The present  measurements therefore  f i l l  i n  the  gap f o r  t h i s  i n t e r e s t i n g  

case, and f o r  the n1 and n2 angular d i s t r i b u t i o n s  as w e l l .  

from 10 t o  22 MeV a 

The neutron spectrum above 0.5 MeV ( the  cutoff  value f o r  the 

spectrometer used) and below the  n2 group i s  of i n t e r e s t  i n  determining 

the  source of t h e  abundant low-energy neutrons. These spec t r a  have 

been angle-integrated t o  produce o(E ) and t h e  r e s u l t s  analyzed. 

a (En)  f o r  En > 0.5 MeV were then in tegra ted  over energy, and the t o t a l  

cross  sec t ion  so obtained w a s  compared w i t h  the f l a t - coun te r  measure- 

ments of Gibbons and Macklin5 t o  determine the approximate s p e c t r a l  

behavior below the 0.5-MeV cutoff of our spectrometer. 

The n 

e 
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11. EXPERIMENTAL PROCEDURE 

A beam of 4He" ions obtained from the  ORNL 5-MV Van de Graaff 

acce le ra to r  w a s  energy analyzed with a 90-deg bending magnet, c o l l i -  

mated, and focused on a beryllium metal t a r g e t  deposited on a platinum 

backing. The t a r g e t  was located a t  the  end of a long Faraday cup. The 

t a r g e t  thickness w a s  M 1 rng/cm2, producing an  energy spread of approxi- 

mately 350 keV a t  10-MeV bombarding energy. 

The sensing element of the neutron spectrometer was a 5-cm-diam 
* 

by 5-cm-high cy l inder  of NE-213 l i qu id  organic s c i n t i l l a t o r .  It 

was mounted on an RCA 6810~ photomultiplier tube and posit ioned 45 cm 

from the  beryllium t a r g e t .  

and a pulse  shape discrimination (ED) s i g n a l  obtained from a modified 

Fort; type PSD 

A l i n e a r  s i g n a l  was obtained a t  dynode 10 

whi.ch u t i l i z e s  pulses from dynode 14 and anode. 

This c i r c u i t  r e j ec t ed  gamma-ray pulses and i d e n t i f i e d  proton-recoi l  

neutron events down t o  about 0.3-MeV neutron energy (equivalent  

e l ec t ron  energy - 40 keV. ) - 
The pulses  due t o  neutrons were sor ted  i n  a pulse-height analyzer,  

and t h e  energy s p e c t m  was obtained by urif'olding t h e  pulse-height 

d i s t r i b u t i o n  with the FEBDoR code7. This code u t i l i z e s  

a response matrix' obtained i n  an extended program of c a l i b r a t i n g  the  

organic s c i n t i l l a t o r  response t o  monoenergetic neutrons f o r  a la rge  

numLer of neutron energies .  

The spectrometer w a s  also used t o  obtain t h e  in tegra ted  neutron 

f lux from a Po-& neutron source ca l ib ra t ed  by the National Bureau of 

Standards, and agreement with the NBS value w a s  better than '$3. The 

Po-Be spectrum i s  shown i n  Fig.  1, along with some ca re fu l  nuclear  

emulsion measurements taken from t h e  l i t e r a t u r e  ." lo 
* 

Nuclear Enterpr ises  Ltd., Winnipeg, Canada. 
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0 I 2 3 4  5 6  7 8 I2 
NEUTRON ENERGY (MeV) 

Fig. 1. Proton Recoil Spectrometer Results f o r  Po-Be Neutron Spectrum 
Compared with Nuclear Enrulsion Results of Ref. 9 (Dashed Curve) and Ref. 10 
(Histogram). The s m a l l  ( - 2 cm x 2 cm) source, ca l ib ra t ed  a t  t he  National 
Bureau of Standards, w a s  used i n  determining the  accuracy of t he  spectrometer 
cr t l ibrat ion (5% ) . 

a 
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c 

The errors assigned t o  t h e  neighboring poin ts  i n  t h e  output of t he  

I?ERDoR unfolding code are highly correlated.  Therefore, the  percentage e r r o r  f'x 

the  area under a peak was conservatively taken as about half  thepercentage e r r o r  

of t h e  highest  po in t .  Two 

independent evaluations of systematic e r r o r  are given i n  Sections 1 I I . B .  

and 1 I I . E .  below. The sources of e r r o r  inclclde de t ec to r  ca l ib ra t ion ,  

cur ren t  i n t eg ra to r  ca l ibra t ion ,  Faraday cup "leakage," and t a r g e t  thickness  

uncei-tainty . 

The systematic e r r o r  is estimated t o  be la. 

Angular d i s t r ibu t ions  were measured f o r  t a r g e t  and background 

contr ibut ions.  

f o i l  as a t a rge t ,  and was t h e  order of 14. 

beryll ium t a r g e t  and on t h e  p l a in  platinum blank w a s  kept very low by 

us ing  a l iqu id  ni t rogen trap t o  remove diffusion-pump o i l  from the  

region of t h e  t a r g e t .  

The background was measured with a p la in  platinum 

Carbon deposi t ion on t h e  

Floor s c a t t e r i n g  w a s  ignored because only a s m a l l  f r a c t i o n  of t h e  

With a lC$ estimate of fas t  source neutrons s t r u c k t h e  f l o o r  nearby. 

neutron albedo from concrete, a spectrometer energy cutoff of 0.5 MeV, 

and a n  R2 advantage of 10 f o r  source neutrons compared with concrete 

a lbedo neutrons, t h e  estimated f loo r  s c a t t e r i n g  component was w e l l  

below 13. 

111. THE WELL RESOLVED LE3ELS 

A. !The Energy  Spectrum 

I n  Fig.  2a i s  shown-the pulse-height d i s t r i b u t i o n  a t  0 deg f o r  

E 

reduced t o  o ( 0 , E ) ,  t he  neutron production cross  sec t ion  i n  labora tory  

coordinates.  

n2 rieutron groups from t h e  9Be(a,n)12C! reac t ion ,  and were converted t o  

o o ( 6 ) ,  o1(6), ando2 ( 0 )  i n  the  centeraf -mass  system. 

= 7.96 MeV, and i n  Fig. 2b i s  shown the  corresponding energy spectrum a 

The three  w e l l  resolved l e v e l s  corresponded t o  no, nl, and 
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9 - Fig. 2. Cross Section for Be(cu,n) Reactions (Lab System) at 0 deg fo r  
& = 7. 6 MeVi2 The arrows show t h e  energies of t h e  neutron groups from 
9 Be(cu,n+2C!, C,* assuming narrow l i n e  width. 
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B. The no Group 

The va r i a t ion  of  t h e  cross  sec t ion  of c0 neutrons with angle i s  

shown i n  Fig. 3 f o r  E, = 6.79, 7.96, 8.91, and 9.92 MeV. A t  t h e  th ree  

h ighes t  energies a three-peaked angular d i s t r i b u t i o n  i s  observed which 

does not change much with E 

s i g n i f i c a n t l y  between 7.96 and 6.79 MeV. 

on a two-peaked shape t h a t  i s  very much l i k e  t h e  fo re -a f t  peaking re- 

ported by Gale and Garg2 at Ea = 5.5 t o  6 MeV. 

energies ,  the  angular d i s t r ibu t ions  are similar t o  those reported by 

Kjellman and Nilsson3 f o r  E, = 10 t o  14 MeV and by Kondo e t  a l .4  f o r  

E, = 17.5 t o  22 MeV. 

between 8 and 22 MeV. Borrowing from the  conclusions of Kjellman and 

N i l s ~ o n , ~  the  constancy of angular d i s t r i b u t i o n  ind ica tes  t h a t  d i r e c t  

r eac t ion  mechanisms dominate i n  t h e  SBe(cl,no)12C reac t ion  f o r  E,> 8 MeV. 

Below 8 MeV, s t rong in te r fe rence  from the  compound nucleus e f f e c t  may 

become important, as evidenced by rap id  va r i a t ions  of ao(e) with E,. 

However, t h e  angular d i s t r i b u t i o n  changes 

A t  the lowest energy, it takes  

a' 

A t  t h e  th ree  higher  

-- 
Thus, oo(8) shows l i t t l e  dependence on E, 

In tegra t ion  of q,(Q) over angle yielded 00 at  t h e  fou r  values of 

The r e s u l t s  presented i n  Table I show a peak a t  8 MeV, then a E,. 

gradual decrease t o  E, = 10 MeV. The value of a (a ,no)  a t  9.92 MeV i s  

22 + 2 mb, and campares favorably with t h e  value 24 + 6 mb ca lcu la ted  

from t h e  observed cross  sec t ion  a ( n , q )  = 80 + 20 mb (Ref. 11) f o r  

t h e  inverse ground state t r ans i t i on ,  lzC(n,%)sBe a t  En = 14.1  MeV. 

The agreement i s  very good and serves as an independent check on our 

- 
- 

systematic e r r o r .  In  addi t ion,  we ca lcu la ted  the  cross sec t ions  of t h e  

i 2  C(n,a)'Be ground state t r ans i t i on  for the  four  neutron bombarding 

energies corresponding t o  E 

neutron bombarding energies of 11.3, 12.1, 12.8, and 13.6 MeV (see 

Table I)'. 

= 6.79, 7.96, 8.91, and 9.92 MeV and a 
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Fig. 3. Cross Section (c.m.) Versus Angle of n, Neutrons fo r  Four Values 
of qf 
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TABLE I. 

To ta l  c ross  sec t ion  f o r  t he  w e l i  separzted neutron groups, no, nl, and 

n2. The t o t a l  cross sec t ion  for t h e  inverse  12C(n,ao)sBe r eac t ion  

and t h e  corresponding neutron bornbaraing energy are shown, as calculated 

from the  "Be(a,nO) c ross  sec t ion .  t: 

J 

6.79 30 138 31 

7 -96 36 113 24 

8.91 30 66 19 

9 -92 22 74 13 

81 11.3 

103 12.1  

93 12.8 

72 13.6 

M E w a s  used. I1 = 3/2, I2 = 1/2, M and M are reduced masses, and n n  0 n 

Ear, E are i n  t h e  center-of-mass system. n 
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C.  The nl Group 

I n  Fig. 4 i s  shown ~ ( 0 )  f o r  fou r  values of E . The angular a 
d i s t r ibu t ions  display a pe r s i s t en t  fo re -a f t  peaking with a s m a l l  t h i r d  

peak a t  t h e  highest  and lowest values of Ea. They are much l i k e  those 

reported by Kjelhnan and Nilsson3 a t  10 and 11 MeV, and somewhat s imilar  

t o  t h e  fo re -a f t  peaking reported by Gale and G a g 2  a t  Ea = 5.5  t o  6 MeV. 

Thus, the  va r i a t ion  of ~ ( f j )  with E , i s  r a t h e r  s m a l l  between 5.5 and 11 MeV. 

The d i f fe rence  i n  shape between % ( e )  and o l (0)  must be r e l a t ed  t o  t h e  

spins  and parities (0+ and 2+ respec t ive ly)  of t h e  two corresponding 

l eve l s  f o r  t h e  12C r e s idua l  nucleus. 

D. The n2 Group 

The var ia t ion  of a2(e) wi th  Ed as seen i n  Fig. 5 ,  is  qu i t e  pro- 

nounced. 

two-peaked angular d i s t r i b u t i o n  a t  E, = 8.91 MeV, and t o  a s t rong  forward- 

peaked shape a t  Ea = 7.96 and 6.79 MeV. 

is  very much l ike  the  three  angular d i s t r ibu t ions  f o r  E = 5.5 t o  6 MeV 

( R e f .  2); while f o r  Ea = 9.92 MeV, the  shape of a2( e )  i s  very much l i k e  

that  reported for % = 9.8 MeV ( R e f .  3 ) .  L i t t l e  va r i a t ion  of 02(f3) w a s  

observed for % between 10 and 14 MeV, where 02(Q) looks very much l i k e  

00 ( e ) .  
l eve l s  i n  12C have f = O+. 

A t  E a =  9.92 MeV, t h ree  peaks can be seen. This changes t o  a 

A t  t he  lowest value of Ed 02(e) 

a 

This s i m i l a r i t y  must be r e l a t ed  t o  t h e  f a c t  t h a t  both f i n a l  

E. The 0-deg Exci ta t ion Functions 

The 0-deg exc i ta t ion  funct ions are shown i n  Fig. 6 for t h e  no, nl, 

and n2 neutron groups f o r  E = 6 t o  10 MeV. 

i n  reasonably good agreement with the  high reso lu t ion  ( i n  E ) r e s u l t s  of 

Miller and Kavanaghl' (da ta  obtained using a s t i l b e n e  c r y s t a l ) .  

our n l  and n 2  curves are 50 t o  80% higher;  apparently t h e  presence 

of t h e  4.43-MeV gamma-ray pulses (which they used t o  obtain t h e  

The no exc i t a t ion  funct ion i s  a 

a 
However, 

4 
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- Fig. 4. Cross Section (c.m.) Versus Angle of n, Neutrons f o r  Four Values 
Of Ea. 
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- Fig. 5. Cross Section (c .m.)  Versus Angle of n, Neutrons f o r  Four Values 
Of Ea. 
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Fig. 6. Excitation Functions f o r  q,, n,, n, Neutrons at 0 deg (c.m. system) 
f o r  I?&, = 6 to 10 MeV. 
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0-deg cross sec t ion  f o r  nl neutrons) t h a t  appeared below t h e  highest  

neutron pulses i n  t h e i r  data resu l ted  i n  a s u b s t a n t i a l  loss of ac- 

cilracy. 

r e j e c t i n g  these  gamma-ray pulses .  

Our pulse shape discr iminator  c i r c u i t  w a s  very e f f e c t i v e  i n  

While the  0-deg exc i t a t ion  funct ions a r e  of i n t e r e s t  as a n  inde- 

pendent check on our systematic e r r o r ,  they may be of l imi ted  value i n  

showing resonance s t r u c t u r e .  A s l i g h t  s h i f t  of t he  forward peak i n  the  

neutron angular d i s t r i b u t i o n  can r e s u l t  i n  a very l a r g e  change of ~ ( 0 " )  

without the  presence of a corresponding change of 0 = o ( e )  dR, t h e  

angle-integrated cross  sec t ion .  

I V .  THE LOW ENERGY DETAILS OF TKE NEUTRON SPECTRA 

A .  The Energy Spectrum at a Fixed Angle 

I n  Fig. 2, t he  peaks below t h e  n2 peak r i d e  on a low-energy 

continuum which i s  probably due t o  the  very broad n4 l e v e l  under t h e  

n3 peak and some low-energy neutrons from other  low-&-value reac t ions .  

S imi la r  s t ruc tu re  w a s  observed i n  caref'ul t ime-of-f l ight  work a t  E, = 13.5 

and 13.9 MeV and w a s  analyzed by Nilsson and Kje1lman.l 

t o  separate the  n3J n4J and n5 l e v e l s  with t h e  he lp  of shape-analysis 

Gf t h e  broad n4 l eve l .  

from other  react ions did not i n t e r f e r e  with ana lys i s  of t h e  n3, n4, 

and n5 neutron groups. 

s l i g h t l y  with the  n2 leve l ,  t ha t  it peaked a t  about t h e  pos i t i on  of t h e  

sharper  n3 peak, and t h a t  it ra i sed  the  very weak n5 peak appreciably.  

Thus, i n  Fig. 2, it appears t h a t  the  n3 peak is  ra i sed  mostly by the  

b r a d  n4 l eve l .  The n5 peak i s  ra i sed  p a r t l y  by the  t a i l  of t he  n4 

l eve l ,  bu t  mostly by low energy neutrons from competing reac t ions ,  

They were a b l e  

At these  values of E,, t h e  low-energy component 

They found t h a t  t he  n4 l e v e l  i n t e r f e r e d  very 
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such as sEe(a,~')sBsi* -, 8Be i n, sBe(a,8Be)"He 4 4He + n (T - lo2' s ee ) ,  

and 'Be(a,n) 3a, which have much smaller &-values than the  'Be(~x,n)'~C 

reac t ion .  

B. The Energy 

The neutron prcduction 

over angle according t o  the  

Spectrum Integrated over Angle 

cross sec t ion  w a s  n m e r i c a l l y  in tegra ted  

prescr ip t ion  a ( E i )  = C a(€lj ,Ei)  AQ. The 
J 

r e s u l t s  for Ea = 6.79 and 9.92 MeV are shown i n  Fig. 7. 

show much s t ruc tu re  a t  high neutron energies,  as expected, b u t  a l s o  

a' show an evaporation-like component t h a t  hardens with increasing E 

The hardening i s  indicated by the increase i n  ' 'nuclear temperature" 

wi th  Ea (see Table 11), where the "temperature" was obtained from t h e  

s lope  of a p l o t  of O(E,)/ ~~o~ versus E (ac i s  t h e  neutron capture  

c ross  sec t ion  of t h e  exci ted f i n a l  nucleus, as calculated from con- 

tirx.mm theory13). 

neutrons must be due t o  lower Q-value reac t ions  where three-  and four-  

body breakup occurs, such as react ions mentioned i n  the  preceding 

paragrapH, because the  l e v e l  density of 12C i s  low at these exc i t a t ion  

energies .  The three-andfour-body breakup provides a l a r g e r  number 

of degrees of freedam which would explain t h e  presence of t h e  s t e e p  

slope (and i t s  va r i a t ion  with E a )  a t  t h e  low energy region of t h e  

neutron spectrum. 

These spec t ra  

n 

This increase i n  slope implies t h a t  t h e  low-energy 

C. The Tota l  Neutron-Production Cross Section 

The i n t e g r a l  of each neutron spectrum, such as those shown i n  

Fig. 7, provides the  t o t a l  cross sec t ion  for t h e  production of neutrons 

above 0.5 MeV, our spectrometer cutoff .  

compared with t h e  f la t -counter  r e s u l t s  of Gibbons and Macklin' who used 

a 4rr graphi te  i n t eg ra t ing  sphere t o  obtain o ( t o t a 1 )  as a funct ion of E 

I n  Table I1 these  t o t a l s  are 

a* 
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T A B U  11. 

Total Eeutron production cross  section as neasured with f l a t  counter5 

cornpired to present  r e s u l t s  f o r  E > 0.5 KeV. The hardness of t he  low 

energy end of the s 2 e c t m  i s  indicated by the  rec iproca l  s lope T 

obtained from a logarithmic p lo t  of a ( E ) / ~ c E  2 exp(-E/T). 

l-1 

above 0.5 MeV Fract ion of t o t a l  Reciprocal s lope T 
b b )  > 0.5 MeV (MeV) 

“t 

6.79 

7.96 

8.91 

9-92 

570 

660 

755 

703 

390 

466 

53 5 

518 

0.69 

0.71 

0.71 

0.74 

0.52 

0.57 

0.68 

0.95 
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Above 0.5 MeV, we obtain about 70% of t h e i r  t o t a l  cross  sec t ion .  Our 

r e s u l t s  are i n  agreement with t h e i r s  i f  we maintain roughly the same 

slope ( see  Fig. 7) and in t eg ra t e  t he  r e s u l t s  t o  zero-MeV neutron energy. 

Tk;e pers i s tence  of these  s t eep  s lopes ai; very low neutron energies ,  

for a i l  four  values of bombarding energy E,, can a l s o  be much more 

p laus ib ly  explained w i t h  breakup reac t ions  than w i t h  the 'Be( Q,n)I2C 

reac t ion .  The above inferences assume t h a t  t he re  are no systematic 

d i f fe rences  i n  absolute noi-rralization of t h e  present  r e s u l t s  and those  

of Gibbons and Macklin,' a reasonable assumption s ince  both sets of 

measurements employed the  same t a rge t s ,  Faraday cup, cur ren t  i n t eg ra to r ,  

Van de Graaff acce lera tor  and analyzing magnets. 

V. SUMMARY AND COMCLUSI3NS 

Frm t h e  present data ,  and those of Iiefs. 3 and h, the angular 

d i s t r i b u t i o n  f o r  t he  no neutron group i s  somewhat i n sens i t i ve  t o  bom- 

barding energy for E (This observation i s  a t  variance with 2 8 MeV. a 
the  conclusion of Deconninck - e t  .I a1 '* who have measured o0(0) and 

~ ( 8 )  between 13 and 23 MeV. Although the re  are similarities between 

t h e i r  angular d i s t r ibu t ions  and those of Kondo e t  a1.,* f o r  % = 17.5 

t o  22 MeV and those of Kjellman and Nilsson3 for E,= 10 t o  14 MeV, it 

i s  not c l e a r  t h a t  t he re  i s  subs thn t i a l  f l uc tua t ion  i n  t h e  no angular 

d i s t r i b u t i o n  between 13 and 17 MeV.) The slow v a r i a t i o n  of t he  angular 

d i s t r i b u t i o n  i s  perhaps due t o  d i r e c t  i n t e rac t ions ,  with very l i t t l e  i f  

any in te r fe rence  from compound nucleus e f f e c t s .  It would the re fo re  be 

i n t e r e s t i n g  t o  compare these  results with d i s to r t ed  wave Born approxi- 

mation (DWBA) calculat ions i n  which varying proportions of knock-out 

and h e a v y - p r t i c i e  s t r ipp ing  are used as f i t t i n g  parameters. Such 

f i t t i n g  has been done f o r  a similar reaction,13C( %n)"O, but  with a 
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p l m e  wave Born spproximation calculat ion.  l5 

d i s t r i b u t i o n  was f i t t e d  w e l l  w i t h  about equal pa r t s  of knock-out and 

heavy-particle s t r ipp ing  incoherently added. Unfortunately, t he  plane 

wave Born approximation is  proba5ly too  crude an approximation t o  DWBA 

ca lcu la t ions  ( e  .g. see Ref. 16) and some backward peaking can be ob- 

ta ined w i t h  DWBA ca lcu la t ions  without assuaing the  heavy-particle 

s t r i p p i n g  mechanism of Gwen and Madame .17 

The three-peaked angular 

Tp~e neutron spec t ra  at low energies show a s t rong low-energy com- 

ponent i n  %he forward hemisphere. In tegra t ion  of these  spec t ra  over 

angle  r e s u l t s  i n  a spectrum o(E) with a low energy component t h a t  behaves 

much l i k e  that expected for three- and four-body breakup reac t ions  of 

r e l a t i v e l y  low Q-value. In tegra t ing  t h i s  spectrum from t he  0.5-MeV 

spectrometer cutoff  t o  maximurn neutron energy, and comparing t h e  r e s u l t s  

with the  t o t a l  cross  sec t ion  measured with a k x  f l a t  c o ~ n t e r , ~  w e  f i n d  

t h a t  t h e  low-energy component contr ibutes  appreciably t o  t h e  t o t a l  

'Be(CI,n) y i e ld .  

vehicles  t h a t  may be exposed t o  solar flare alpha particles,18 s ince  

beryll ium a l loys  are good candidates for construct ion of t he  sk in  

material of such vehicles.  I n f a c t ,  t h i s  area of in te res t  provided 

t h e  i n i t i a l  motivation and t h e  support of t he  present work. 

This f inding i s  of i n t e r e s t  i n  t he  sh ie ld ing  of space 

i 
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