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The thick target neutron yields from bombardment of <10 MeV a-particles

are calculated based on the reaction cross sections. The results for the

elements of Z <15 are compared with existing calculated or measured

neutron yield data. For the elements of 16<Z<50, elemental or isotopic

neutron yields are calculated if the cross section data are available.
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2.

2. 1 Li (as n)

isotope

6 Li
7 Li

abundance

( # )

7.5

9 2.5

n0 — group

6.621

4.382

threshold

ni —

9.

5.

energy

group

29

510

(MeV)

n2 —

7.

group

115

(A) H.Bichsel and T . W . B o n n e r , Phys . Rev. J_08_, 1025 ( 1 9 5 7 )
7 Li (a , n ) : Ea < 5.85 MeV : 0° *5 «fc tf 90° ^ IRI CD Eb iE ® Sfe : ffiRffi; I 0 B ( n ,

(B) J .H .Gibbons and R .L .Mack l in , Phys . Rev. JLL4, 571 ( 1 9 5 9 )
7Li (rt , n ) : Ea < 8.2 MeV : £ $ r E M i l 2 M

(C) E .A.Davis , F.Gabbard , T.W. Bonner and R.Bass, Nucl . Phys. _27_, 448 ( 1 9 6 1 )

(D) M.K.Mehta , W.E .Hun t , H . S . P l e n d l and R.H.Davis , Nucl. Phys._48_, 90 ( 1 9 6 3 )
7 L i (of , n ) © 0 o ; £ [ S ] ® ) M i $ : : 6 L i (tf , n ) ©

E a < 15.5 MeV

(E) R.L.Macklin and J .H.Gibbons, Phys. Rev. Jj35_, 1147 ( 1 9 6 8 )
7 L i ( d , n ) : E a < 5.1 MeV :

(F) L.Van der Zwan and K.W.Geiger, Nucl. Phys. A180, 615 (1972)
7 L i ( t f , n ) : Ea < 8.0 MeV : n0, n, , n2 ^ ^ - r g i j i c 0

(G) J.K.Bair and J.Gomez del Campo, Nucl. Sci. Eng. J7J_, 18 (1979)
6Li (tf, n ) , 7Li (rt , n ) *5 «fc tf n a tLi (of, n ) : E a < 9.0 MeV :

0° 3fr IS] ©$J& Si i f c £ J £ ^ •#-&£, (A)©Bichselb , (D)© Mehta b , & J; t>'(F)O Van der Zwan

T?(D){i(F)J: 0 I k ^ / h £ fe fc /A S O . L /C A* -̂  X , C C T? tt(F)© Van der Zwan and Geiger ©®T®

0 ° ^ [ S ] © = & 4 ] t t ^ ^ ^ - 7 o S l J O i K a * l t # f - S o

| g L T { i , (B)O Gibbons b © r - ^ li*^ 25 ^ ^ # i i^° 5 c: i **, I ^ I D ^ ^ l C c t S

(O© Davis 6 < O i f f i S * E ^ & * i 6 f c » r S a [ * J J ; a f { F ) 0 V a n der Zwan

:• , C C 7? ( i E a £* 6 MeV £ I T t? (±(F)© Van der Zwan

- 3 -
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±T?l±«EIE$ftrt:{B)eD Gibbons fcOf-

Ea ^ 6.621MeV jy±1:-{i 6Li (OJ , n ) (D^^Z^Mt 5i&gj&** 5 o (D)OMehta b IC it,
6Li (tf , n ) RJS© 0° ^iSucisW-Sffl^W+tt i 1 JR»**. Ea©ga&£

£/c(F)©Van der Zwan £ (C (i Ea # 7.95MeV © £ # 0o^[S]-ecDct3tt^ X B ^

T t̂  S id* , C tile J; 5 £ , natural Li J&ffl l^ /c i f^© 6Li ( of , n ) ^ t>O + i 4 T K * ( i 7 Li

O , n 2 ) © ^ t l i t J i ^ i : • ^ L ^ o 6Li(c(, n) O ^ t t T ^ t H ^ ^ ^ W / f i ^ S f - S t , natLUC

%[tZ> 6Li ^ b © * f 4 T l K * ( ± . E a = 7.0MeVT 4.8 x 1(T7 n ' s / t f , 7.5 MeV T? 9.5 X 10"7

n's/tf, 8.0MeVT- 1.2 x 10~6 n's/tf i l t ^ f t S o ^ ' t t ^ ^ l | X * © ^ © i^ f {± , Ea ifi 7.2

© f ^ # * 0.1 x 1(T5 n's/tf

Neutron yields from na Li (oC , n )

Ea (MeV)

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6.0

6.1

6.2

6.3

n 's / t f

3.7 E-9

4.3 E-8

1.1 E-7

2.0

3.1

4.6

6.7

9.3

1.2 E-6

1.6

1.9

2.2

2.6

3.0

3.4

4.0

4.7

5.5

6.4

7.3

Ea (MeV)

6.4

6.5

6.6

6.7

6.8

6.9

7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

8.0

8.1

8.2

n's/tf

8.4 E-6

1.0 E-5

1.2

1.3

1.5

1.8

2.0

2.3

2.7

3.0

3.2

3.4

3.7

3.9

4.1

4.2

4.4

4.5

4.7

- 4 -



JAERI-M 82-117

Ea (MeV)

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7 6

7.8

8.0

Neutron yields from

no 's /d

3.2 E -9

4.1 E - 8

1.0 E-7

1.7

2.6

3.5

4 4

5.5

6.7

8.1

1.0 E - 6

1.3

1.8

2.4

2.9

3.3

3.8

4.1

4.3

7Li (a , n) at d

n i ' s / a

1.2 E-8

1.8 E-7

3.6

5.7

8.7

1.3 E-6

1.9

2.5

3.0

3.5

3.8

4.0

4.1

= 0°

n 2 ' s /o!

6.6 E-9

4.2 E-8

7.2

9.0

1.0 E-7

natLi (en , n) ©iff^T-lKB^ . Liskien and Paulsen (D%\% 2) . & =fc CX Bair

and Gomez del Campo ©i|i]^JI3) £ J:b^ L tz (Dfr Fig.l "trfe-So ^ £©{!£

; | , 5 ^ , iR * © 0.1 © 511 "> T h <1 © it fi 0.9 ~ 1.1

- 5 -
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5.0 6.0 7.0 8.0
Ea (MeV)

Fig. 1 Comparison of the calculated neutron yields from Li(a,n) with those
reported by Liskien and Paulsen^) and Bair and Gomez del C ^

Liskien-Paulsen/present
Bair-Gomez del Campo/present
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2.2 Be

isotope

9 Be

abundance

(# )

100

threshold energy (MeV)

n 0 — g r o u p n i — g r o u p n 2 — g r o u p

0 0 2.8 2 0

(A) I.Halpern , Phys. Rev. _76_. 248 ( 1 9 4 9 )

E a <̂  5.1 MeV '. ̂  Sfr® W.W] i£2 @I i&

(B) T.W.Bonner, A . A . K r a u s , J r . , J.B.Marion and J.P. Schif fer , Phys. Rev. 102,

1348 (1956 )

E a < l 5 . 2 M e V : 0 ° - 2 0 ° f c J : t f 7 0 ° - 1 1 0 ° (DMh&MWt.

(C) J .R.Risser , J .E .P r i ce and C M . Class, Phys. Rev. H)5 , 1288 ( 1 9 5 7 )

E a<^4.8MeV : n0 feiC/ r\i tf J^ — 7° KMir Z> 0° ^ |p] © Sfr | 3 iSJ ifc fc «fc lJ>fa S ^ ^

(D) J .H .Gibbons and R . L . M a c k l i n , Phys. Rev. UA_, 571 ( 1 9 5 9 )

Ea <| 8.2MeV '. ^ r S f r S ^ l i J H j l i l ^

(E) F .A .S t . Romain, T .W.Bonner , R. L .Bramble t t and J .Hanna , Phys . Rev. 1 2 6 ,

1794 ( 1 9 6 2 )

E a <5.6MeV : |g x %. JU ^ — tp&=F:&My< , 9Be ( cc, a'n) © n j f i t t ^ l m t t ^ •§

(F) J.H.Gibbons and R.L.Macklin, Phys. Rev.j_37, B1508 ( 1 9 6 5 )

E a < 8.2 MeV :

(G) R.G. Miller and R.W. Kavanagh , Nucl. Phys. _88_, 492 ( 1 9 6 6 )

E a < 1 2 M e V : n0 , nx , n2 iOu — 7°© 0° Jj $\Wi$&WiWL

(H) V.V.Verbinski , F .G.Perey , J .K.Dickens and W. R. Burrus , Phys. Rev. 170,

916 ( 1 9 6 8 )

E a <[ lOMeV : n 0 , ni , n2 iffr — 7°fC>f]-^" Z> 0° ;£F^©SJliSgg^jfc J;;

•^ x ;f ;l/ +* — • ^ ^ ^ h ^̂ Zl'J /£

(I) L.Van der Zwan and K.W.Geiger, Nucl. Phys. A 1 5 2 , 481 ( 1 9 7 0 )

E a < 7.8MeV : n0 , n, , n2 ?JV-7°K$it %> 0°

(J) A.W.Obst, T.B.Grandy and J.L.Weil , Phys. Rev._C_5, 738 ( 1 9 7 2 )

E a <6 .4MeV : n 0 , n,, n, , ns ^^-y'Ktith 0°^[S]MlSg®^ t ^ S

^ ^ 4 - * — • T^^V V >\s (double differential cross sect ions)

(K) K.W.Geiger and L.Van der Zwan, P X N R - 2 4 0 4 , NRCC 15303 ( 1 9 7 6 )

E a ^ 7.9MeV : ^ S ^ C f f f f i

(L) J. K.Bair and J.Gomez del Campo , Nucl. Sci . Eng. JU 18 ( 1 9 7 9 )

E a < 9.0MeV : 4"ttTiKft&iJ5t

(K)©Geiger and Van der Zwan

- 7 -
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JlCT?li, NEA Data Bank
( I t l l i , (F)cDGibbons & CD x - * *J <t

4.3MeV <"

Van der Zwan

(tf, n ) JgJBftflnilT (ot , d ' n )

i^g^3b-5 (break up neutron )

Total neutron yields from Be (a! , n) and Be (oJ , tf'n)

Ea (MeV)

1.6
1.7
1.8
1.9
2.0

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0

4.1
4.2
4.3
4.4
4.5
4.6
4.7

n's/cc

7.0 E-8
2.5 E-7
8.3
2.1 E-6
3.5

4.6
5.6
6.6
7.6
8.7
9.8
1.1 E-5
1.2
1.3
1.4

1.5
1.5
1.6
1.7
1.7
1.8
2.0
2.1
2.3
2.6

3.0
3.4
3.7
4.1
4.5
4.8
5.2

Ea (MeV)

4.8
4.9
5.0

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

n's/o:

5.6 E-5
6.0
6.5

6.9
7.4
8.0
8.5
9.1
9.7
1.0 E-4

• 1 . 1

1.2
1.2

1.3
1.3
1.4
1.4
1.5
1.6
1.7
1.7
1.8
1.9

1.9
2.0
2.1
2.1
2.2
2.3
2.4
2.5
2.6

- 8 -
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n) &0^£>tBT< Z>&tp®LlLyju--J'<DMm.t , (cc ,cC'n) S j E ^ b © * ^ ( nB t

Neutron yields for each neutron group

Ea (MeV)

1.6
1.8
2.0

2.2

2.4
2.6
2.8
3.0

3.2
3.4

3.6
3.8
4.0

4.2
4.4
4.6
4.8
5.0

5.2
5.4
5.6
5.8
6.0

6.2
6.4
6.6
6.8
7.0

7.2
7.4
7.6
7.8

n0 '

1.8

1.4
6.8

1.6
2.8
4.1
5.0
5.7

6.3
6.7
7.5
8.8
1.1

1.3
1.5
1.7
1.8
2.0

2.1
2.2
2.3
2.3
2.4

2.5
2.6
2.6
2.7
2.7

2.8
2.8
2.9
3.0

s/a

E-8
E-7

E-6

E-5

n/s/a;

5.2 E-8
6.8 E-7
2.8 E-6

4.1

4.8
5.8
7.1
8.1

8.9
9.8
1.1 E-5
1.2
1.4

1.9
2.2
2.7
3.1
3.7

4.3
4.9
5.5
6.2
6.8

7.2
7.6
7.9
8.2
8.4

8.7
8.9
9.2
9.5

n2

2.6

1.8
3.7
5.3
1.3
7.5

2.0
3.3
4.3
5.3
6.3

7.1
8.0
8.9
9.7
1.0

1.1
1.2
1.3
1.4
1.5

1.6
1.7
1.8
1.9

's/a

E-9

E-8

E-7

E-6

E-5

n3's/a

3.1 E-8

2.3 E-7
5.8
1.1 E-6
1.7
2.5

3.5
4.5
5.7
7.0

3.2
2.9
8.9
2.0

3.6
6.2
9.8
1.4
2.0

2.6
3.3
4.0
4.8
5.7

6.6
7.5
8.6
9.6

s/e*

E-8
E-7

E-6

E-5

- 9 -
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^ i c ^ L/c Be + cc © ^ i f t t ^ l R * ^ , Liskien and Paulsen © I t ^ 2) , &*<££>" Bair and

Gomez del Campo © « { i 3) t J tR Lfc ©** Fig.2 Tf * S o fflfl£ffili##

T?K Fig.2 IC^LfcSt><S^»T®iBf*ii^LT^S(A)©Halpern ^ &t f# L

X Liskien 6 ©ft UMJi , £ < Jt Ea # * # ^ £
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Fig. 2 Comparison of the calculated neutron yields from Be(a, n) and
Be(a,a'n) with those reported by Liskien and Paulsen2) and Bair and Gomez
del Campo^). Calculated results based on the cross sections by Halpern
of (A) are also compared.

Liskien-Paulsen/present
Bair-Gomez del Campo/present
Halpern/present

-1 1-
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2. 3 B ( a s n )

isotope

i o B

UB

abundance

(#)

19.8

80.2

threshold energy (MeV)

n0 — group ni — group n2 — group

0 1.827 3 .431

0 2 .939 5 .168

(A) R.L.Walker, P h y s . Rev. T6_, 244 ( 1 9 4 9 )
n a tB (of , n ) : E a < 5.3MeV : £ $r ®

(B) T.W.Bonner , A . A . K r a u s , J r . , J.B.Marion and J .P .Schi f fe r Phys. Rev. 102,

1348 ( 1956 )
u B ( t f , n ) : E a < 5 . 2 M e V : 0 ° - 2 0 ° *> <fc # 7 0 ° - 1 1 0 °

(C) J.H. Gibbons and R.L.Macklin, Phys. Rev. 114, 571 ( 1 9 5 7 )
10B(tf, n) : Ea<4.8MeV : £Bfr®MjgM

(D) G.S.Mani and G.C.Dutt, Nucl. Phys. 1%^ 613 ( 1 9 6 6 )
] 1 B ( < * . n ) : E a g 4 . 5 M e V : n0 , n. ? » - 7°fc:*frf 5 0°

(E) L.Van der Zwan and K.W.Geiger, Nucl. Phys. A 2 1 6 , 188 ( 1 9 7 3 )
1 0 B ( o ! , n ) : E a < 5.0MeV : n0 , n , , n2l3 ?^ -7°K j$t %> 0° t 90°

(F) L.Van der Zwan and K.W.Geiger, Nucl. Phys. A 2 4 6 , 93 ( 1 9 7 5 )
n B ( t f , n ) : E a ^ 8 M e V : n o . n . , n2 >fto- 7°IC*ft" S 0°

(G)

(H)

S.J.Wilson, Phys. Rev. C l l , 1071 (1975)
10B (of , n ) : E a <70MeV : dCM = 144°

J.K.Bair and J.Gomez del Campo, Nucl. Sci. Eng. 71 , 18 (1979)
I 0 B ( a ; , n ) , n B ( t f , n ) * ? * ^ M tB (tf , n ) : Ea < 7.5MeV :

' 10B i C O ^ T f i , (E)CD Van der Zwan &© 0° is J: tX 90° ^|S]OS&iES*S[ t (G) ©Wilson

°

B

^ 144

(O© Gibbons

^ S i , !>) 3 MeV

©JtK feT# <£^^ . t,
Gibbons t> © ^T® fit &(G)O Wilson

J i . MiC^t «t -5 (t(H)OBair

^ T f i , (B)cDBonner bi(F)cDVan der Zwan t> ©

, (D)©Mani t> © 0° ^ [ S ] © i J ^ ® (i(F)i < S ^ T , n0 ? As-

c , (F)OVan der Zwan &©ft S » ^

>©$i|^fI«fc U 50 5

^ * < , n,

T i t * Lfc

- 1 2 -



JAERI-M 82-117

Neutron yields from 1 0 B( t f . n ) and uB(cC, n )

Ea (MeV)

2.6

2.8

3.0

3.2

3.4

3.5

3.6

3.8

4.0

4.2

4.4

4.5

4.6

4.8

5.0

l O g

Gibbons

2 . 6 E - 8

9.9

2.5 E - 7

4.2

6.0

7.3

8.9

1 .3E-6

1.7

2.4

3.4

4.0

4.7

6.1

7.4

Bair

3 . 3 E - 7

7.0

1.9E-6

3.6

n B

Van der Zwan

1.9 E-6

2.7

3.3

4.3

5.6

6.3

7.1

9.1

1.2E-5

1.5

1.7

1.8

2.0

2.3

2.6

Bair

3.8E-6

7.6

1.3E-5

1.8

nat
B L

, (C)© Gibbons £> CD I 0B t (F)O Van der Zwan £ © n B

- 1 3 -



JAERI-M 82-117

Ea (MeV)

0.8

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

Neutron yields

Walker

3.2E-8

4.7

6.5

8.9

1.2E-7

1.6

2.0

2.6

3.3

4.1

5.1

6.2

7.4

8.7

1.0 E - 6

1.2

1.4

1.5

1.7

2.0

2.2

2.4

2.7

3.0

3.3

3.7

4.1

4.6

5.1

5.7

6.4

7.3

8.3

from natB (a , n)

Gibbons + Van der Zwan

1.3 E - 6

1.5

1.9

2.2

2.4

2.7

3.0

3.5

4.1

4.6

5.2

5.9

6.7

7.6

8.3

1.0E-5

- 1 4 -



JAERI-M 82-117

Ea (MeV)

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

5.2

5.3

Fig.3 Kit, Liskien

b t

Walker

9 . 5 E - 6

1.1 E—5

1.2

1.3

1.4

1.6

1.7

1.8

2.0

2.1

2.3

2.5

2.6

Gibbons + Van der Zwan

1.1E-5

1.2

1.3

1.4

1.5

1.7

1.9

2.0

2.1

2.2

Bair

Walker

3) &«££>* Gibbons b t Van der Zwan

- 1 5 -



JAERI-M 82-117

0.7 —

(MeV)

Fig. 3 Comparison of the calculated neutron yields from B(a, n) with those
reported by Liskien and Paulsen^) and Bair and Gomez del Campo^'.
Calculated results based on the cross sections by Gibbons and Macklin of
(C) for B and by Van der Zwan and Geiger of (F) for •*••*• B are also
compared.

Liskien-Paulsen/present
Bair-Gomez del Campo/present
Gibbons-Macklin and Van der Zwan-Geiger/present

- 1 6 -



2.4 C (ot» n )

JAERI-M 82-117

isotope
1 2C
13 C

abundance

98.89 %

1.11

th re sho ld energy

11.338 MeV

0

(A) T.W.Bonner, A.A.Kraus , J r . , J.B.Marion and J .P.Schiffer , Phys . Rev. 102,

1348 ( 1 9 5 6 )

E« <, 5.2MeV : 0°—10° t 80°—100° ©JsfriBjiJifc

(B) R.B.Wal ton, J .D.Clement and F. Bore l i , Phys. Rev. _107, 1065 ( 1 9 5 7 )

E a <^3.5MeV : 0 ° , 3 1 ° , 149° ~£'<DB)]&MW(. , & <£ f>*ft SEfl l^ L /c^®TlS^

(C) K .K .Sekha ran , A.S.Divatia , M . K . M e h t a , S.S. K e r e k a t t e and K.B. Nambiar,

Phys. Rev. 156, 1187 ( 1 9 6 7 )

E a <1 5.2MeV ; •£HFf®W.WlSO®|ft

(D) J .K .Ba i r and F.X.Haas, P h y s . Rev. _C7_, 1356 ( 1 9 7 3 )

E a <̂  5.2MeV : ^ S f f J S ^ i i i H g i J i ^

(E) J .K.Bai r , Nucl. S c i . E n g . j n . , 83 ( 1 9 7 3 )

Ea<9.0MeV : tp&^UMiDMfE.

See also J.K.Bair and J.Gomez del Campo, Nucl. Sci. Eng. _71_, 18 ( 1 9 7 9 )

i e o ^ Xit , (A)© Bonner h <t(B)0 Walton £ i f l i , i | i J ^ x -

^ C f , EaA* 2MeV t f l i ( B ) ( D Walton

Bonner
nat 0°

IK

a ^ lMeV

, (D)©Bair

l t R L f c ^ S . 15 ~ 20
L X , (C)0 Sekharan

, Walton ?. 0»r®

©

i i f S o (B)O Walton

i 2 MeV £l±l?afe 5 o

# , 2.1 ~2.3MeV

(O© Sekharan b

Neutron yields from C (o£ , n ) :

E a (MeV)

1.1
1.2
1.3
1.4

n's/cc

4.4E-11
8.9
1.8E-10
2.8

Ea (MeV)

3.4
3.5
3.6
3.7

n's/cc

3.6E-8
4.0
4.3
4.4

- 1 7 -



JAERI-M 82-117

Ea(MeV)

1.5
1.6
1.7
1.8
1.9
2.0

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0

3.1
3.2
3.3

n's/cc

3.2 E-10
4.0
5.1
7.4
1.4E-9
2.6

3.8
5.9
8.4
1.1E-8
1.4
1.6
1.8
2.0
2.2
2.3

2.6
2.8
3.1

Ea (MeV)

3.8
3.9
4.0

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

5.1
5.2
5.3
5.4
5.5
5.6

n's/cc

4.6 E - 8
4.6
4.7

4.7
4.8
4.8
5.0
5.3
5.6
5.8
6.0
6.1
6.4

7.0
7.7
8.5
9.7
1.1E-7
1.2

Neutron yields from C (en , n) at 0 = 0°

Ea (MeV)

1.0

1.2
1.4
1.6
1.8
2.0

2.2
2.4
2.6
2.8
3.0

n's/cc

3.1 E - 1 2

1.3 E —11
4.0
6.7
1.1 E-10
1.7

3.4
7.5
1.4E-9
1.9
2.2

Ea (MeV )

3.2
3.4
3.6
3.8
4.0

4.2
4.4
4.6
4.8
5.0

5.2

n' s /a

2.8E-9
4.0
4.9
5.1
5.2

5.4
5.8
6.7
7.3
7.9

1.1E-8

C

ti<Di!)i Fig A

, Liskien and Paulsen O t t » 2) <t(E)© Bair L

- 1 8 -



JAERI-M 82-117

0.7 -

4 5
E a (MeV)

Fig. 4 Comparison of the calculated neutron yields from C(a, n) with those
reported by Liskien and Paulsen2) and Bair of (E).

Liskien-Paulsen/present
• Bair/present

-19-



2. 5 N ( a % n )

JAERI-M 82-117

isotope
14 N
15 N

abundance

9 9.63 %

0.3 7

threshold energy

6.08 8 MeV

8.130

(A) W.Gruhle, W.Schmidt and W.Burgmer , Nucl. Phys. A186 , 257 ( 1 9 7 2 )

"NCtf . -n) : Ea<C20MeV : ^ B f S M i f c g M

l ^ i O / c f e i C , 8.5MeV <' n a t N

tt »);*;#

keV

ffi&li

Ea (MeV )

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

7.0

7.1

7.2

7.3

Neutron yields from

n's /d

1 .6E-9

2.4 E - 8

9.8

2.2 E - 7

3.9

6.0

8.5

1.1 E —6

1.4

1.8

2.1

2.5

N (a , n) : (n's/a)

Ea (MeV)

7.4

7.5

7.6

7.7

7.8

7.9

8.0

8.1

8.2

8.3

8.4

8.5

n's/cc

2.9E-6

3.3

3.8

4.2

4.7

5.2

5.8

6.3

6.9

7.6

8.2

8.9

L/c Liskien and Pauls en <D fit2) (± , Fig. 5 K^t <fc 5 K ^

c S ^ 6.1 MeV T?-^ "CIC 1.2 x 10"9 ©{B^

fe L , ^ t > © x ^ . ^ 4 - ' - • x > r - ; i / £ l 0 0

- 2 0 -



JAERI-M 82-117

threshold energy for 15N

6 f 7

threshold energy for 14N

E a (MeV)

Fig. 5 Comparison of the calculated neutron yields from N(a, n) with those
reported by Liskien and Paulsen '

present
Liskien-Paulsen

-2 1-



2.6 O ( « x n )

JAERI-M 82-117

isotope
1 60
1 70

abundance

99.759

0.0 3 7

0.2 0 4

threshold energy

15.171 MeV

0

0.8 51

(A) T.W.Bonner, A .A .Kraus , J r . , J.B.Marion and J . R S c h i f f e r , Phys. Rev. 102,

1348 ( 1 9 5 6 )
18O (of , n ) : E a < 5 M e V : 0°-30°®JiiH®£fc

(B) J .K.Bair and H.B.Willard, Phys. Rev. 128, 299 ( 1 9 6 2 )
18O(d, n) : Ea<5.2MeV : ^ i f S M M i f c

(C) L.F.Hansen, J.D.Anderson, J.W.McClue, B.A.Pohl, M.L.Stelts, J. J. Wesolowski

and C.Wong, Nucl. Phys. A 9 8 , 25 ( 1 9 6 7 )
17O (of , n ) t 18O (of , n ) : 4MeV<; E a <13MeV : £ B r ® S S © g | i g ® »

(D) J .K .Ba i r and F . X . H a a s , Phys. Rev._C7_, 1356 ( 1 9 7 3 )
17 O ( r t , n ) t 1 8O (cc , n ) : E a < 5 . 2 M e V : 1 8 O (of, n ) © 2 . 5 M e V £ l ± t t , (B) iDf

(E) Z.E.Switkowski , S . R . K e n n e t t , D.G.Sargood, B.M.Spicer and R.O'Br ien , Phys.

Rev. C 1 6 , 1264 ( 1 9 7 6 )
l8O (of , n r ) : Ea<6.5MeV : n3, n4 >f to -

(F) J.K.Bair and J.Gomez del Campo, Nucl. Sci, Eng.JTL 18 (1979)
natO(o:, n) : Ea<7.7MeV : ^r + ' t t^JKa

(A)©Bonner b©aiJ^(±18O Kft L Tml^T? L ÂfflJ o T « ^ A* , ^ t t T ffiUi^^^W^* <t ^

, Bair & ©(B)^(D)©^ n i #iJ 4MeV filTfti 1 0 ^ J ^ [ * I ©

l 20~60 5K^:t < ttSo f i t , tf L 6(O© Hansen

© I8QKfct3--5KTig8t£;&»tt?> «fc^—Sfe*^1-0 ((B)^(D)© Bair

T?*-S , i ^ 9 C t(i(F)©Bair y ^ S L t l ^ o )
n a t O ( c ^ ^ 5 4 : i4^ i t5 JM^f t» - tS !C*fcor , 17O t

l^SESlcf, 4MeV£lT'CJi(D)©Bair ^ * , f fc 5MeV£l±-e«, x * ;u **-^S?tl** «fc <

/ £ ^ £ ( ± ^ - 5 fe©©, 21 ( l t l i (C)0 Hansen b©zi]££f$ffl L, ^ # A * f i « t) ̂  O 4 ~ 5MeV

T- ( i , U ^ ^ b tt3S L fc c f t t ? i R S A i t £ J 6 ? ) * > K o i

/«£*>, (E)© Switkowski b © ^ ^ ( C J : t l « ' , 1 8 0 ( o J , n ) K X *> X

, E a A* 4.3MeV C nat.
a = 6MeVCi(i 0 9 ~Yy

5.3 X10" 9 n ' s

- 2 2 -



JAERI-M 82-117

Neutron yields from O (a , n) : n's /cL

Ea(MeV)

1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

5.1
5.2
5.3
5.4
5.5
5.6

n's/of

1.5 E -13
3.4
9.6
1.7E-12
2.8
4.7
7.9
1.8 E —11
2.8

4.5
7.3
1.2 E —10
1.8
3.0
4.7
7.8
1.1 E-9
1.4
1.8

2.3
2.7
3.4
4.2
5.4
6.4
7.9
9.5
1.1 E-8
1.3

1.5
1.8
2.0
2.2
2.5
2.9
3.2
3.5
3.9
4.4

4.8
5.3
5.8
6.4
7.0
7.5

Ea (MeV)

5.7
5.8
5.9
6.0

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
8.0

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
9.0

9.1
9.2
9.3
9.4
9.5
9.6
9.7
9.8
9.9

10.0

n's/tf

8.2E-8
8.9
9.4
9.9

1.0E-7
1.1
1.2
1.2
1.3
1.4
1.4
1.5
1.6
1.7

1.8
1.9
2.0
2.1
2.1
2.2
2.3
2.4
2.5
2.6

2.6
2.7
2.8
3.0
3.1
3.2
3.3
3.4
3.5
3.6

3.7
3.8
3.9
4.1
4.2
4.3
4.4
4.5
4.6
4.7

- 2 3 -



F i g . 6 - e « , t <L7:-ti

and Gomez del Campo

JAERI-M 82-117

, Liskien and Paulsen ©! t '# l i 2)

3) t J tR L ft 0 Liskien b CD g t ^ ^ i « . 5MeV

t>* Bair

1.1 -

Fig. 6 Comparison of the calculated neutron yields from O(ct, n) with those
reported by Liskien and Paulsen2) and Bair and Gomez del Campo3-'.

Liskien-Paulsen/present
Bair-Gomez del Campo/present
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JAERI-M 82-117

2.7 F (0 \ n)

isotope

1 9 p

abundance

96

100

n0— group

2.361

threshold

ni.2

energy

— group

3.1

(MeV)

n3 -

3.

- group

439

(A) R . M . W i l l i a m s o n T . K a t m a n a n d B.S. B u r t o n , P h y s . Rev . 117 , 1325 ( 1 9 6 0 )

(B) L .Van der Zwan and K.W.Ge ige r , Nucl . P h y s . A 2 8 4 , 189 ( 1 9 7 7 )

E a < 4 . 7 M e V : n0 , n l l 2 , n 3 ^'Vi' — 7 ° l t ^ ^ 5 0° 27f£]©Jl)3lBiIJI& <t ,

(C) J . K . B a i r a n d J .Gomez del Campo , Nucl . Sc i . E n g . _71_, 18 ( 1 9 7 9 )

Ea<8.0MeV : t^te1?UMMfe

L 3.5UeV SXTH'it , tp&^fktii&^'fitlftTZ'fcZ) t L T Van der Zwan b©$rSfS ;£:4tff&l,

, fz. ̂  14-p iR 4 (i . Wil 1 iamson t> <D ®T® W. fa t> sfW- L /c i> O <t 9 ^J 10 % (J ii

{ • C t C C t l i , 3.5 MeV 3 T?(3 (A) © Williamson

' t lE l -h© x ^ ^ +*~ "??(i Van der Zwan

Y ( 0 ° ) ZAnfeL, $ 5>IC cl tLA>t> 10

C

Neutron yields from F (<x , n) : n ' s / t f

Ea (MeV)

2.4
2.5
2.6

2.7
2.8
2.9
3.0

3.1
3.2
3.3
3.4
3.5

n's/cc

3.2E-10
3.3E-9
1.3E-8
3.0
5.5

• 7 . 9

9.5

1.2E-7
1.6
2.2
3.1
3.9

Ea (MeV)

3.6
3.7
3.8
3.9
4.0

4.1
4.2
4.3
4.4
4.5
4.6
4.7

n's/cc

( 6 . 1 E - 7 )
( 1.0E-6 )
(1.3 )
(1.4 )
(1.7 )

(2.1 )
(2.3 )
(3.0 )
(3.5 )
(4.0 )
(4.6 )
( 5.6 )

Bair -5 fc£ 9

- 2 5 -



JAERI-M 82-117

Ea (MeV 3.5 4.0

0. 7 9 5 ( 0. 5 1 7 )

4.5

( 0. 5 4 0 )

Neutron yields from F (en , n ) at 0 = 0°

E« (MeV )

2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

n . ' s / a

3.2E-11

3.9E-10

1.2E-9

2.4

3.6

5.8

8.0

9.1

1.0E-8

1.4

1.8

2.3

3.9

6.1

7.4

8.3

9.8

1.2E-7

1.4

1.7

2.0

2.3

2.6

3.0

rh ,2 ' s /d

3.9E-9

8.5

1.1 E-8

1.5

2.5

3.6

4.3

4.8

5.3

5.7

6.6

8.6

1.0E-7

1.2

1.5

ns's/tf

1.3E-9

4.7

9.3

1.4E-8

2.0

2.5

2.7

3.1

3.9

- 2 6 -



2.8 Ne ( a , n)

JAERI-M 82-117

isotope abundance threshold energy
20 N e
21 Ne
22 Ne

9 0 . 5 1

0.2 7

9.22

8.6 64 MeV

0

0.5 7 0

(A) N.W.Tanner , Nucl. Phys . J5J_, 297 ( 1 9 6 5 )
2 1 N e ( d , n ) : E a < 2 . 9 M e V : 30° K f c t f 5

(B) D .Ashe ry , Nucl. Phys. A 1 3 6 , 481 ( 1 9 6 9 )
2 1 N e ( t f , n ) : E a < 4 . 7 M e V : n0 , m , n2 , n3

(C) F.X.Haas and J .K.Bair , Phys. Rev. _C7_, 2432 ( 1 9 7 3 )
21 Ne (of , n ) t 22Ne (tf , n ) : E a < 5 . l M e V : ^ i f ® ^ O S d S a ® ^

(D) H . - B . M a k , D.Ashery and C . A . B a r n e s , Nucl. Phys . A226 , 493 (
22Ne (of, n ) : E a < 3 M e V : £ 8 f t ® ^

(A)CD Tanner ( i 30°fc*W-©fiiJ^ t£ O T ' J t R t

Haas b © fr®K ^ b l t # L /c fe © J: 0 ^ ^ 19

(B)©Ashery i(D)©Mak £> t ( i l l i: >f

©fliJ3££EII$ic$8£LT^3 C i i , fflij^ L t l ^ 6 x * ^ + * - H « A * l £ ^ t

d C^(i(C)©Haas and Bair ©»?jg

U-#*S£t t , (B)OAshery i(D)©Mak

= 2.1 MeV-e 14— &-^5A*. 2 MeV H T t l W i < ft t) 2.3MeVJii±-e(4*^«s:

^ , (O© Haas

1974)

tt 21 Ne i

. (C)©

Ne

T natNe

- 2 7 -



\JAERI-M 82-117

Neutron yields from Ne(oJ , n ) : n's/cC

E f l (MeV)

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

n's/of

1.3 E —12

3.0

7.7

1.6 E —11

2.4

4.2

6.3

1.0E-10

1.4

2.2

3.8

6.0

8.2

1.4 E - 9

1.9

3.0

4.2

6.8

9.4

1.4E-8

1.7

Ea (MeV)

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

5.2

n's/a

2.1 E-8

2.6

3.4

4.1

5.5

6.8

8.8

1.1E-7

1.4

1.7

2.1

2.4

2.9

3.3

3.9

4.5

5.1

5.8

6.4

7.0

Fig. 7 i d * . C L-TZ'HW-ltztp&lL!&WL:& Liskien and Paulsen CD % tl

Liskien b CD fit it frt£ <Q ^ # ^ o Ashery t Mak b ^ t > ! t ^ Liz. fe© k> Z-

2)

- 2 8 -



JAERI-M 82-117

1.0 —

Ea (MeV)

Fig. 7 Comparison of the calculated neutron yields from Ne(a, n) with those
reported by Liskien and Paulsen2). Calculated results based on the cross
sections by Ashery of (B) for 21Ne and by Mak et al. of (D) for " N e are
also compared.

Liskien-Paulsen/present
--- Ashery and Mak et al./present

-29-



2. 9 Na (a „ n )

JAERI-M 82-117

isotope abundance threshold energy

Na 100 96 3.4 8 5 MeV

(A) R . M . W i l l i a m s o n , T . K a t m a n a n d B . S . B u r t o n , P h y s . R e v . 1 1 7 , 1 3 2 5 ( 1 9 6 0 )

Ea <4.0MeV : ^ t tnpiK*

Neutron yields from Na (cc , n) : n ' s /o ;

Ea (MeV )

3.5

3.6

3.7

3.8

3.9

4.0

n

1.1

5.1

2.4

3.7

4.4

4.6

's/tf

6 E —10

1

8E-9

0

5

5

- 3 0 -



2.10 Mg (as n)

JAERI-M 82-117

isotope
24 Mg
25 Mg
26 Mg

abundance

78.99

10.00

11.01

threshold energy

8.39 2 MeV

0

0

(A) I.Halperm, Phys . Rev._76_,248 ( 1 9 4 9 )
n a t M g ( a : , n ) : E a < 5.1 MeV : £ » r ® S

(B) J .K.Bai r and H.B.Willard, Phys . Rev. _128_. 299 ( 1962 )
2 6Mg (cc , n ) : E a < 5 . 4 M e V : £$iMW. $]>&$&$&

(C) J .K.Bai r and J.Gomez del Campo , Nucl. Sci. Eng. _71_, 18 ( 1 9 7 9 )

a , n ) : E a < 9.0 MeV :

0 natMg ~ 5 MeV
25Mg

1/2 J;

Bair

t K

Neutron yields from "a Mg (a; , n) : n ' s / c t

Ea (MeV)

2.1
2.2
2.3
2.4
2.5

2.6
2.7
2.8
2.9
3.0

3.1
3.2
3.3
3.4
3.5
3.6

n's/c*

8.5E-11

2.7 E-10
5.9
1.0E-9
1.6
2.4
3.2
4.3
5.5
6.9

8.8
1.1 E-8
1.5
2.0
2.8
3.7

Ea (MeV)

3.7
3.8
3.9
4.0

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

5.1

n ' s /<t

4.8E-8
6.1
7.7
9.7

1.2E-7

1.5
1.9
2.4
2.9
3.5
4.2
4.9
5.6
6.4

7.2

-3 1-



JAERI-M 82-117

Fig.8fC(±, c ClzfF, L f c * t 4 ? i R » i , Liskien and Paulsen ©ftMHi 2) fccfc

and Gomez del Campo O/fJ^M 3) i ©ltK£7Jx L T & S 0 Liskien t> i±|q! LJ Halpern

2.0

a (MeV

Fig. 8 Comparison of the calculated neutron yields from Mg(a, n) with those
reported by Liskien and Paulsen^) and Bair and Gomez del ^

Liskien-Paulsen/present
Bair-Gomez del Campo/present
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2.11 Al (a* n)

JAERI-M 82-117

isotope

Al

abundance threshold energy

100 96. 3.027 MeV

(A) I .Halpern , Phys . Rev. J7_6_, 248 ( 1 9 4 9 )

(B) R . M . W i l l i a m s o n , T . K a t m a n a n d B . S . B u r t o n , P h y s . Rev . 1 1 7 , 1 3 2 5 ( 1 9 6 0 )

Ea<4.0MeV : £$riiMiiHS$C

(C) P.H. S t e l s o n a n d F . K . M c G o w a n , P h y s . Rev . 1 3 3 , B 9 1 1 ( 1 9 6 4 )

Ea = 5~10MeV : t^tt^Kfifc-fctf^n^fr &#«>fc£8f®iSffi
(D) A . J . H o w a r d , H . B . J e n s e n , M.Rios , W. A. Fowler and B.A.Zimmerman, Ast rophys .

J. 188, 133 ( 1 9 7 4 )

E a < i 0 M e V :

(E) D.S.Flynn, K.K.Sekharan, B.A.Hiller, H.Laumer, J.L.Weil and F.Gabbard, Phys.

Rev. C18, 1566 (1978 )

(F) J.K.Bair and J.Gomez del Campo, Nucl. Sci. Eng. _7_1_, 18 ( 1 9 7 9 )

E a < 9.0 MeV : c ^ t t ^ J K *

(10

Ea A* 4 MeV JilT"e (± •

Ea A* 4 — 5 MeV T ti ,

Ea fti 5 ~ 6 MeV t? (i ,

Ea ifi 6 MeV £1 ± -C Ji ,

^x. -5# , L ^ L^M

(B) > (D) > (E) > (A)

(E) > (A) > (D)

(E) > (C) > (D)

(D) > (C)

tf f l i t t ^ o

, (D)O Howard

Howard &

L fc

(E)OFlynn

5.2~6.0MeVT-(O© Stelson

Stelson Stelson

- 3 3 -



JAERI-M 82-117

N e u t r o n y i e l d s from Al (of, n ) : n ' s / o c

Ea (MeV )

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6.0

6.1

6.2

6.3

6.4

6.5

n's/tf

1.0 E —11
6.6

2.5E-10
6.6

1.4E-9
2.7

5.2

8.6

1.3E-8
1.8

2.6

3.7

5.0

6.6

8.6

1.1 E-7
1.4

1.8

2.3

2.8

3.5

4.3

5.2

6.2

7.5

8.6

1.0E-6
1.1

1.3

1.5

1.7

2.0

2.3

2.6

2.9

Ea (MeV)

6.6

6.7

6.8

6.9

7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

8.0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

9.0

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

10.0

n's/o:

3.3E-6
3.7

4.0

4.5

4.9

5.4

6.0

6.6

7.1

7.7

8.3

8.9

9.6

1.0E-5
1.1

1.2

1.3

1.4

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.9

3.0

3.1
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JAERI-M 82-117

Liskien and Paulsen <D\U2) , fc.tO'Bair and Gomez del Campo ©zftj^lii3) &, C C K

h LfcO^Fig . 9 TTafeSo CCJCfi, # # * f i c Howard &O

T * S o *& 5MeV£l±"e Liskien ^

, ® & |> Stelson

- 3 5 -



JAERI-M 82-117

0.8 -

0.7
E a (MeV)

Fig. 9 Comparison of the tabulated neutron yields from Al(a, n) with those
reported by Liskien and Paulsen2) and Bair and Gomez del Campo K
Calculated results based on the cross sections by Howard et al. of (D)
are also compared.

Liskien-Paulsen/present
Bair-Gomez del Campo/present

-x- Howard et al./present
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2.12 Si (as n)

JAERI-M 82-117

isotope
28 Si
29 Si
30 Si

abundance

92.23 %

4.67

3.10

threshold energy

9.25 2 MeV

1.736

3.958

(A) J.H.Gibbons and R.L.Macklin, Phys. Rev. 114 , 571 ( 1 9 5 9 )

" S i C d . n ) : E a ^ 4 . 5 M e V : £ »r ® » Eb ili ® &

(B) M.Balakrishnan , M.K.Mehta, A.S.Divat ia and S.Kai las , Phys. Rev. C l l ,

54 ( 1975)
2 9 Si (rt , n ) : E a < 5.25MeV : £ » T ® 8 t I J i £ S ® &

(C) L.G.Sanin, W.A.Schier, B .K.Barnes , G.P.Couchell , J . J .Egan , P.Harihar ,

A .Mi t t l e r and E.Sheldon, Nucl. Phys. A 2 4 5 , 317 ( 1 9 7 5 )
2 9 Si (tf, n ) : E a < 5 . 5 M e V : n0 ^to-7'K^t Z 0° is X 0? 160°

(D) G.F.Auchampaugh , J .Halper in , R.L.Macklin and W.M.Howard , Phys. Rev. C12

1126 ( 1 9 7 5 )

(E) D.S.Flynn , K.K.Sekharan , B.A.Hiller, H.Laumer, J.L.Weil and F.Gabbard, Phys.

Rev. C 1 8 , 1566 ( 1978)
2 9 Si (tf , n ) t 3 0 Si (tf , n ) : E a < 6 . 8 M e V : ^ i T B f « © i j i 2 ® ^

(F) J.K.Bair and J.Gomez del Campo, Nucl .Sc i . Eng. J7J_, 18 ( 1 9 7 9 )
n a t Si (cc, n ) : E a < 9 . 0 M e V : cpfeTlRM

« T ® H t i { i ( f L ^ * i f t ! H ! j § * * L , (O© Sanin bitt <

: o ^ T ( i , (A)©Gibbons

t/c(B)fflBalakrishnan

Flynn

it 13C (rt, n)
30Si (a: , n

(n , ot0)30Si

JC 3.5 MeV jy

h &T Balakrishnan

Flynn £rtftf T?«fe 5 # , (D)O Auchampaugh

Ea = 4.0 ~4.7MeVT-©3 0Si(«, n ) (0 »f ® SI ** tl"

. Flynn b©

i (of, n) , 2 9 S i i 30Si

e , (E)© Flynn

- 3 7 -



JAERI-M 82-117

N e u t r o n y i e l d s f r o m S i ( a , n ) : n ' s

E a ( M e V )

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

n' s/a

2.0E-11

4.7

1.0E-10

2.1

3.6

5.1

8.4

1.2E-9

1.7

2.2

2.9

3.6

4.9

6.2

8.1

1.0E-8

1.4

1.7

2.3

2.6

3.2

3.8

Ett (MeV)

4.9

5.0

5.1

5.2 .

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6.0

6.1

6.2'

6.3

6.4

6.5

6.6

6.7

6.8

6.9

7.0

n's/o;

4.7 E-8

5.5

6.5

7.4

8.7

1.0E-7

1.2

1.4

1.7

1.9

2.2

2.4

2.7

3.0

3.4

3.7

4.1

4.4

4.8

5.1

5.6

6.0

Liskien and Paulsen ©ft

Liskien b ©fit (i Ea

g , 3MeV-e(±^I 8. U

2)fc «fc tf Bair and Gomez del Campo

# Fig.10 f *£« , C © g] (

t
S

j \ # < ft «9 , 3.5MeV

^(B)ffl Balakrishnan

, CC

- 3 8 -
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1.0 —

0.8 —

Fig. 10 Comparison of the calculated neutron yields from Si(a,n) with those
reported by Liskien and Paulsen^) and Bair and Gomez del Campo3'.

Liskien-Paulsen/present
Bair-Gomez del Campo/present
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2.13

L it <Di)i Fig. 1 l"e f L , 1^'

Iff-10 -

10 6 7
E a (MeV

Fig. 11 Neutron yields from a-particle bombardments on 10 elements with Z<15,

-4 0-



JAERI-M 82-117

3. n

3. 1 Cl v n)

isot ope
35 Cl
37 Cl

abundance

7 5.77

2 4.23

threshold energy

6.5 2 9 MeV

4.292

(A) A.J.Howard, H.B.Jensen, M.Rios, W.A.Fowler and B.A.Zimmerman, Astrophys.

J.188 , 131 (1974 )

, n) : E a<ll . lMeV :35C1 (0!
3 7C1 (or , n nat

Cl

N e u t r o n y i e l d s from 3 5C1 (a, n ) : n's/cc '

Ea (MeV )

6.8

7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

n's/o;

3.6E-8

1.3E-7

2.5

4.1

5.8

7.6

9.5

1.2E-6

1-4

Ea (MeV)

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

n' s/cc

1.6E-6

1.8

2.1

2.3

2.5

2.8

3.0

3.3

3.6

- 4 1 -



JAERI-M 82-117

3. 2 Sc , n)

isotope
Sc

abundance
100 96

threshold energy

2.4 39 MeV

(A) A . E . ' V l i e k s , J . F . M o r g a n a n d S . L . B l a t t , Nuc l . P h y s . A 2 2 4 , 4 9 2 ( 1 9 7 4 )

E a <; 10.93 MeV

Neutron yields from Sc (a , n) : n ' s / t f

E a ( M e V ) •

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

6.2

6.4

6.6

n's/aJ

6.8E-11

3.2 E-10

6.9

1.3E-9

2.2

3.7

6.1

9.6

1.5E-8

2.2

3.4

5.0

7.2

1.0E-7

1.5

2.1

3.0

4.2

5.9

E a (MeV )

6.8

7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10. 0

10. 2

n's/<*

8.1 E-7

1.1 E —6

1.4

1.8

2.3

2.9

3.7

4.7

5.8

7.2

8.7

1.0E-5

1.2

1.4

1.6

1.8

2.1

2.3

- 4 2 -



JAERI-M 82-117

3.3 Ti (a, n)

isotope
46 Ti
47 Ti
48 Ti
49 Ti
50 Ti

abundance

8.2 %

7.4

73.7

5.4

5.2

threshold energy

4.82 7 MeV

0.347

2.911

0

1.939

(A) A.E.Vlieks, J .F .Morgan and S . L . B l a t t , Nucl. Phys. A 2 2 4 , 492 ( 1 9 7 4 )

4 6 Ti (a , n ) : E a < 10.93MeV : ^ i f rSS- i iSS l i i l f e

(B) A . J .Howard . H .B . Jensen , M.Rios , W.A. Fowler and B.A.Zimmerman, As t rophys .

J. _188_, 131 ( 1 9 7 4 )

4 6 Ti (oJ , n ) : E a <[ 11 MeV '. :£ Iff ® f t I$l 3S idife

4 6 T i ( d , n ) I t o l ^ T f i , Howard t>CD)SiJ^{i(i E a ^ ' ^ J 6 MeV £ l ± t T Vl ieks&©-? : t l©^1 .5

Vliekse>A*P̂ J®JC L t l ^ t . 9-tfv h©J?$

i ' ^ i l ' o t i i ^ o ^/c, Howard

I-t?(i Vlieks

Neutron yields from 4 6 Ti (of, n ) : n ' s / o ;

E a (MeV)

5.0

5.2
5.4
5.6
5.8
6.0

6.2
6.4
6.6
6.8
7.0

7.2
7.4
7.6

n's/tf

2.9E-10

1.1E-9
2.5
4.9
8.7
1.5 E-8

2.5
4.0
6.6
1.1E-7
1.7

2.6
3.9
5.5

Ea (MeV)

7.8
8.0

8.2
8.4
8.6
8.8
9.0

9.2
9.4
9.6
9.8

10.0

10.2

n ' s / d

7.7 E-7
1.0E-6

1.3
1.7
2.1
2.6
3.2

3.9
4.7
5.6
6.6
7.8

8.9

- 4 3 -



3. 4 V (a, n)

JAERI-M 8 2 - 1 1 7

isotope abundance threshold energy
50 y

51 y

0.25

99.75

0.193 MeV

2.471

(A) W . W . B o w m a n a n d M . B l a n n , N u c l . P h y s . A 1 3 1 , 5 1 3 ( 1 9 6 9 )
51v (tf, n) : Ea<85MeV : ^ f f i U M M

(B) A . E . V l i e k s , J . F . M o r g a n a n d S . L . B l a t t , Nucl. P h y s . A 2 2 4 , 492 ( 1 9 7 4 )
6IV(tf, n) : Ea<10.94MeV : £

50 V icfti- ZMMltte^W .
V ( o f , n )

nat
it

B o w m a n fr L - 5 iSi << ̂  A #J

200 mb

Vlieks b

fc > -S ti tb K , lOMeVJil

N e u t r o n y i e l d s from 5 1 V ( o : , n ) : n ' s /cc

Ea (MeV)

5.2

5.4

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

n ' s /ct

8.2E-11

3.4E-10

1.1 E-9

3.4

9.3

2.4E-8

5.5

1.2E-7

2.3

4.1

6.9

1.1 E —6

1.7

2.5

E« (MeV)

8.0

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

n's/d

3.5E-6

4.7

6.1

7.7

9.5

1.2E-5

1.4

1.6

1.9

2.3

2.8

3.3

- 4 4 -



JAERI-M 82-117

3.5 Cr {a, n)

i so tope
50 Cr
52 Cr
53 Cr
54 Cr

abundance

4.35 %

8 3.79

9.5 0

2.36

th re sho ld energy

5.358 MeV

3.8 59

0.351

2.577

(A) A.E.Vlieks, J.F.Morgan and S .L .Bla t t , Nucl. Phys. A224 , 492 ( 1 9 7 4 )
50Cr(a, n ) : Ea<10.92MeV : ^BrSSUSfrfiSS

50Cr (C^t5fT®S/IJ^^©T-, natCr(rt, n) © c f t t ^ l K S * * * § C t

Neutron yields from 50Cr(tf, n) : n's ot

Ea (MeV)

5.8

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

n's/o;

2.5E-10

1.0E-9

2.9

7.1

1.5E-8

2.8

4.8

7.9

1.2E-7

1.9

2.8

4.1

Ea (MeV)

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

n's/c*

5.9E-7

8.3

1.1 E-6

1.5

2.0

2.5

3.0

3.6

4.2

4.8

5.5

- 4 5 -
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3. 6 Fe (a\ n)

isotope
54 Fe
56 Fe
57 Fe
58 Fe

abundance

5.8 96

91.8

2.15

0.29

threshold energy

6.22 9 MeV

5.462

1.451

3.826

(A) A .E .Vl i eks , J .F .Morgan and S.L.Blatt , Nucl. Phys. A 2 2 4 , 492 ( 1 9 7 4 )
5 4 F e ( o J , n ) : E a < 10.93 MeV :

54 Fe

Neutron

E« (MeV)

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

8.2

yields from 54Fe (cc, n ) '.

n's/tf

1.2E-9

5.8

1.5E-8

3.2

5.7

9.2

1.4E-7

2.1

3.0

4.2

Ea (MeV)

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

n's/cc

n's /a

5.7E-7

7.6

1.0E-6

1.3

1.7

2.1

2.6

3.2

3.9

4.6

- 4 6 -



3. 7 Co ( a , n)

JAERI-M 82-117

isotope
'Co

abundance

100 96

threshold energy

5.4 2 2 MeV

(A) F . K . M c G o w a n , P . H . S t e l s o n and W.G.Smith , P h y s . Rev . j_33_, B 9 0 7 ( 1 9 6 4 )

Ea<10.0MeV : ^WMfcJctfiTSM

(B) P . H . S t e l s o n a n d F . K . M c G o w a n , P h y s . R e v . 1 3 3 , B 9 1 1 ( 1 9 6 4 )

Ea<il.0MeV : ^tt^iRSlScfctfSfiBStffi

M%t hffi— W%tz?>\C «fc5iB!j^-Ci*SAi, (A) li activation method {C«fc 5 feOT?, (B)

graphite sphere 4 n detector K «fc 5 & © T?& o T , P5# (i + 7 ̂  CDfgH F*3 T'— ifc L T ^ §

*. i <

Neutron yields from Co (o!, n) : n's,/ct

Ea (MeV)

5.8

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

n's/o;

a2.0E-10
b8.7

2.6E-9

6.5 7

1.43E-8

2.5 5

4.62

8.01

1.32E-7

2.10

3.16

4.81

Ea (MeV)

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

n's /a

7.12E-7

1.01 E - 6

1.40

1.94

2.6 2

3.43

4.42

5.61

6.9 6

8.4 9

1.03E-5

'±15 J ± 5 .

- 4 7 -
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3.8 Ni (a, n)

i s o t o p e
58 Ni
60 Ni
61 Ni
62 Ni
6 4 Ni

abundance

6 8.3 %

2 6.1

1.13

3.59

0.91

t h r e s h o l d energy

9 .933 MeV

8.4 34

4 .118

6.9 01

5.169

(A) P .H .S t e l son and F.K.McGowan, Phys . Rev. 133, B911 ( 1 9 6 4 )
58Ni (<*, n ) , 6 0Ni (a, n ) , 62Ni {a, n ) : E a < 11.3 MeV :

N i ( o : , n ) it, E

5 21

61Ni t " N i
t N i ( « , n )

'C , t <

Neutron yields from 60Ni and 62Ni (ct, n ) : n's/cc

Ea (MeV)

7.2
7.4
7.6
7.8
8.0

8.2
8.4
8.6
8.8
9.0

9.2
9.4
9.6
9.8

10.0

10.2

60Ni (tf, n )

c 9 .6E-9
b 2 .9E-8

1.19 E —7

2.6 2 '
4.65
7.60
1.14E-6
1.61

2.16

6 2 N i (of, n )

a 1 . 4 E - 8
b4.39

9.01
1 .56E-7
2.51

3.81
5.61
8.21
1.15 E —6
1.56

2.06
2.6 7
3.40
4.3 3
5.35

6.6 3

D±5 c ± 2 0 :

- 4 8 -



3. 9 Cu (a% n)

JAERI-M 82-117

isotope
63 Cu
65 Cu

abundance

69.2 %

30.8

threshold energy

7.9 79 MeV

6.182

(A) E . A . B r y a n t , D . R . F . C o c h r a n a n d J . D . K n i g h t , P h y s . Rev. J_3£, 1512 ( 1 9 6 3 )
6 3 Cu( t f , n ) t 6 5 C u U , n ) : E a <; 25.6MeV : £ $ f S ® ©B&igSifc

(B) P.H.Stelson and F.K.McGowan, Phys. Rev. 133, B91J1 . ( 1 9 6 4 )
63Cu(a, n ) t 6 5 Cu(t f , n ) : E a < 1 0 . 6 M e V : i £ t t ? J K a £«r®f lHg

, (A) CD Bryant £ © $ T ® » (±(B)© Stelson 5> 0 * ft«fc

< , i^fC/i:^0 Bryant
63Cu CDL#^x^;

, lOMeVii/ToiffEltci L t l i Stelson
65Cu itjtftZ Stelson b©iJ^ L tz

r ft JC

(i , lOMeV

©lc 17mb

nat Cu

7.8

Neutron yields from Cu (a , n ) : n's /c£

Ea (MeV)

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

O. ii

n 's / o ;

1.34E-10

4.68

1.50 E - 9

3.70

7.2 7

1.31E-8

2.28

3.67

5.82

* 8.9 6

Ea (MeV)

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

n's/cc

1.45E-7

2.39

3.87

5.91

8.7 7

1.24E-6

1.70

2.28

2.98

3.80

- 4 9 -



3.10 Zn ( a , n)

JAERI-M 82-117

isotope
64 Zn
66 Zn
67 Zn
68 Zn
70 Zn

abundance

48.6 %

27.9

4.10

18.8

0.6 2

threshold energy

9.77 4 MeV

7.901

3.142

6.086

4.137

(A) P . H . S t e l s o n a n d F . K . M c G o w a n , P h y s . R e v . jy$3_, B 9 1 1 ( 1 9 6 4 )
64 Zn {a, n ) , 6 6 Z n ( t f , n ) , 68 Zn (a, n ) , 70 Zn (of , n ) : E a < l l M e V :

67 Zn

n) left Lt(i Ea=7.

natZ n ( < * , n Zn(d

Neutron yields from 6 4 ' 66 • 68 • 70Zn (a , n ) : n's/ct

: ± l 5 # , ± 2 0 :

Ea ( M e V )

6.2
6.4
6.6
6.8
7.0

7.2
7.4
7.6
7.8
8.0

8.2
8.4
8.6
8.8
9.0

9.2
9.4
9.6
9.8

1 0 . 0

1 0 . 2

64 Zn 66 Zn

( c 2 . 0 E - 9 )
a 8 . 8 5

2 . 3 9 E - 8
6 . 0 6
1.43E-7
2.6 9
4.49

7.0 2
1.01E-6
1.41

b 8.59E-9 1.89
a 4.65E-8 2.46

1.50E-7 3.30

68 Zn

b 6 . 6 0 E - 1 0
b 1 . 9 9 E - 9
a 4.52

9.2 0

1.7 1 E - 8
3.0 4
5.19
8.5 3
1.33E-7

2.00
3.00
4.3 9
6.38
9.01

1.2 1 E - 6
1.67
2.2 2
2.90
3.72

4.6 8

70 Zn

d4.39E-9
C5.93
b8.49
a1.29E-8
2.00

3.08
4.74
7.31
1.13E-7
1.78

2.5 8
3.7 8
5.51
7.88
1.07 E - 6

1.45
1.95
2.53
3.24
4.13

5.13

- 5 0 -
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4.

Stelson and McGowan 5) (i , Z ^40 ©Sfca5c*»cft L T fe , Ett # $ 9 MeV *»£ 11 MeVffl

(« , n ) KJE#i&©I4]1t£:?JK*J£ graphite sphere detector T'$'JS L . Wl

L-T J; 19, Stelson and McGowan

C cl iCJi Stelson and McGowan L Tfe <

4. 1 Zr (a , n)

isotope
90 Zr
91 Zr
92 Zr
94 Zr
96 Zr

abundance

51.4 %

11.2

17.1

17.5

2.8

threshold energy

7.9 47 MeV

5.35 2

6.669

5.59 5

5.335

- 5 1
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Neutron yields from Zr (a , n) *. n ' s / r f

Ea (MeV)

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

calculated

1.5E-11

5.2

1.1 E —10

2.1

3.5

5.7

9.2

1.5E-9

2.3

3.5

5.3

7.9

1.2E-8

1.7

2.5

3.7

5.5

8.0

1.2E-7

Stelson

8.0E-9

1.2E-8

1.8

2.6

3.7

5.4

7.7

1.2E-7

— McGowan

± 40 96

± 25

+ 15

± 15

+ 10

± 10

+ 10

± 10

- 5 2 -



4. 2 Nb («N n)

JAERI-M 82-117

isotope

Nb

abundance

100 %

threshold energy

7.3 38 MeV

Stelson and McGowan

, 8.6 ~ 9.4MeV

<*, n )

ft

Neutron yields from NbCcC, n) ". n's/cc

Ea (MeV)

7.6

7.8

8.0

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

. 10.2

calculated

6.1 E - 1 1

1.8E-10

4.1

8.5

1.6E-9

2.9

4.7

7.4

1.1E-8

1.7

2.6

3.8

5.5

8.1

4.

6.

8.

1

1

2

3

5

8

Stelson

1 E-9

0

7

3E-8

8

6

8

6

4

— McGowan

+ 60 %

+ 40

+ 30

+ 20

± 25

± 20

+ 15

+ 10

+ 10

- 5 3 -
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4. 3 Mo (a% n )

isotope
92 Mo
94 Mo
95 Mo
96 Mo
97 Mo
98 Mo

100Mo

abundance

14.8 %

9.1

15.9

16.7

9.5

24.4

9.6

threshold energy

9.39 4 MeV

8.32 9

5.349

7.106

4.133

6.048

4.7 57

Neutron yields from Mo (ct , n ) : n''s /'cc

Ea (MeV)

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

calculated

3.3 E - 12

1.3 E —11

3.1

6.7

1.3 E —10

2.8

5.8

1.1 E-9

2.1

3.9

6.8

1.2E-8

1.9

3.1

4.9

Stelson —

1.2E-9

2.2

3.9

6.6

1.2E-8

1.9

3.0

4.8

McGowan

+ 50 %

± 40

+ 30

+ 25

± 15

+ 10

+ 10

+ 10

- 5 4 -
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4. 4 Pd (ot% n)

isotope
• » 0 2 P d

io4 p d

105 Pd
106 Pd
108 Pd

no P d

abundance

1.0 %

11.0

2 2.2

27.3

26.7

11.8

threshold energy

9.598 MeV

8.370

5.001

7.28 5

6.135

5.111

Neutron yields from Pd (cc, n) : n's/cC

E« (MeV)

8.6

8.8

9.0

9.2

9.4

9.6

9.8

10.0

10.2

10.4

10.6

calculated

1.8E-12

1.0 E —11

3.8

1.1 E-10

3.1

7.9

1.8E-9

3.8

7.2

1.3E-8

2.2

Stelson

2.4E-9

4.0

7.0

1.2E-8

2.0

— McGowan

± 5 0 %

+ 40

+ 20

± 15

+ 10

- 5 5 -



4. 5 Ag (otN n)

JAERI-M 82-117

isotope
107 Ag
109 Ag

abundance

51.83

48.17

threshold energy

7.9 2 8 MeV

6.603

Stelson and McGowan (i , 107Ag t 109Ag t K o ^ T 10.2 11.0 MeV

Neutron yields from 107Ag(tf, n) ". n'

Ea (MeV)

8.8
9.0

9.2
9.4
9.6
9.8

10.0

10.2
10.4
10.6

calculated

6.3E-13
3.0E-12

1.1 E - l 1
3.7
1.1 E-10
3.1
8.0

1.8E-9
3.9
7.5

Stelson —

2.0E-9
3.9
7.4

McGowan

+ 50 %
±40
+ 25

•Neutron yields from 109Ag (cc , n) : n's/a

Ea (MeV)

8.8
9.0

9.2
9.4
9.6
9.8

10.0

10.2
10.4
10.6

calculated

3.1 E - l 2
1.5E-11

4.6
1.3 E —10
3.3
7.5
1.7E-9

3.3
5.9
1.0E-8

Stelson —

3.2E-9
5.7
1.0 E-8

McGowan

±50 96
±30
±20

- 5 6 -
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It *: natural Ag <0

Neutron yields from natAg(o;, n.) : n's/ct

Ea (MeV)

8.8

9.0

9.2

9.4

9.6

n ' s /d

1 .8E-12

8.8

2 . 8 E - 1 1

8.2

2.2 E - 1 0

Ea (MeV)

9.8

10.0

10.2

10.4

10.6

n ' s /a

5.2 E - 10

1.2E-9

2.5

4.9

8.7

- 5 7 -



4. 6 In (a, n)

JAERI-M 82-117

isotope abundance threshold energy
113 In
115 In

4.3

9 5.7

8.37 5 MeV

7.472

Stelson and McGowan (i , 10.7 ~ 11.0MeV TT 100 keV

#* te x. S -< #

[£#X.T^5:

Neutron yields from In (a , n ) : ris/a

Ea (MeV)

9.6

9.8

10.0

10.2

10.4

10.6

calculated

7 . 8 E - 1 3

6.5 E - 1 2

3 . 5 E - 1 1

1.6 E— 10

6.2

1.9E-9

Stelson -

8 . 7 E - 1 0

- McGowan

±40 %

-5 8-
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4.7

1(T8 -

10"9 -

10-10

* 15fil±© natural element

-; h Lfc®A*Fig. l2-e*So ^ 1 C * Lfc fc©© "5

( a , n) IX *&

, In J

8 , 9
Ea(MeV)

4 5 6

Fig. 12 Neutron yields from the (a, n) reactions for 9 elements with

-5 9

10

20<Z<50.
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5. U0 2 *J J: tfUC

Liskien and Paulsen © I t S ^ K & Bair and Gomez del Campo

i L T uo2 jj^tf uc

3 ) (C fc ,{!:£•#)#>

, U (a, n )
(tf, n)

Ea , * t t ^ K * ^ Yn

vn = r —

tztzL, a \t (tf , n)
U g ? , OWL l-ts J; tf C JS

e t iPI±»TSSI"C* § o ffi 9
Bragg

UC

= e(U) + 2e(O)

= e(U) + e(C)

C •? LTft

(UC) Liskien

O2 tz Yn

<£tf Fig.l3{t7j^o t fc , Liskien ^©ft^ifcJ^C/Bair b

-y h L/=©A*Fig. 14 (UO2) fc J; If Fig. 15

*) , Bair bOfiiJ^ffltt C C T l t ^ Lfc

- 6 0 -
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Ea(MeV)

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

3.6

3.8

4.0

4.2

4.4

4.6

Neutron yields

UO2

3.1 E-14

2.8E-13

9.0

2.5 E-12

8.8

2.4E-1 1

5.6

1.5E-10

3.3

5.6

8.8

1.3E-9

2.0

2.9

4.1

5.5

6.8

8.5

from UO2

UC

1.2E-

4.3

6.4

1.2 E -

4.1

9.4

1.8E-

2.6

3.1

3.8

4.4

5.6

6.9

7.1

7.2

7.4

7.7

8.5

11

10

9

n) and UC (a,

Ea(MeV)

4.8

5.0

5.2

5.4

5.6

5.8

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

n) : n's/a

UO2

1.1E-8

1.3

1.6

1.9

2.3

2.6

3.0

3.3

3.7

4.1

4.5 .

4.9

5.4

6.0

6.7

7.1

7.6

UC

9.2E-9

9.9

1.2E-8

1.4

1.8

-6 1-
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Ea (MeV)

Fig. 13 Calculated neutron yields from a-particle bombardments on UO2 and
UC targets.

-6 2-
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0.6 -

E a(MeV)

Fig. 14 Comparison of the calculated neutron yields from UC^Ca* n) with
those reported by Liskien and Paulsen^) and Bair and Gomez del Campo^J

Liskien-Paulsen/present
Bair-Gomez del Campo/present

-63-
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0.6 -

Fig. 15 Comparison of the calculated neutron yields from UC(a, n) with
those reported by Liskien and Paulsen^) and Bair and Gomez del Campo ,

Liskien-Paulsen/present
Bair-Gomez del Campo/present

-64-
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Progress Report fr h © 31 ffl ©rF"J 1z Harwel 1 © Dr.

fin

of thick target (a!, n) yields from light elements" by D. West and A.C.Sherwood

: fe h r> iC t ¥&tzo + ft ^iKJlOjIiJ *£{;£, B e . B e O . B N ,

C , U02 (fuel pellet t laboratory sample ) , UC, Mg, Al , Si (single crystal t Poly-

c r y s t a l l i n e ) , Fe , stainless steel ft o (̂  Xft & t) tl X d "> h © TT", 21 t l b ^ - ' i ^ ^ t $ tl &Jj

West 5> fi , $£ b © ^ ^ f i t ^ Liskien and Paulsen © I t ^ i i t ^ is J; O* Bair and Gomez del

Campo ©il |J^'fii3) i , <^© =fc 9 ^fl^T'Jrb^ L T d"1 -5 o "t"7A^l"&, Y ^ - ^ t t ^ i K S <t L Xfz t

Li s ken t> i © hb Ix © ij§ •a",

Y Y
Liskien "Paulsen West—Sherwood

YxWest -Sherwood

o K£©lt&HI

JsiT 1 ffi U

T fe «fc *> 5

t>*5«fcOf Bair

( Liskien b *J J; 01' present ) f i / M

Ea(MeV)

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Be

Liskien

—

+ 25 %

+ 24

+ 22 -

+ 19

+ 23

+ 18

—

Bair

—

— 11.6 ^

— 11.5

—10.8

— 9.6

- 9.0

- 8.5

- 8.4

present

—

+ 20 %

+ 16

+ 13

+ 9

+ 8

+ 12

+ 8

C

Liskien

- 1 5 %

- 1 6

- 1 8

1

—

—

—

—

present

+ 9 %

+ 7

- 1

- 1

—

—

—

—

UC

Liskien

- 4 0 %

— 41

- 4 4

- 3 6

—

—

—

—

Bair

+ 13.3 %

+ 11.3

+ 7.8

+ 2.7

—

—

—

—

present

- 3 %

— 3

— 10

— 11

—

—

—

—

- 6 5 -
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Ea (MeV)

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

UO2

Liskien

- 19 %

- 3 0

- 3 0

- 32

- 3 5

— 38

- 4 0

—

—

Bair

+ 20.0 %

+ 3.9

+ 4.6

+ 6.9

+ 4.9

+ 2.9

+ 1.0

+ 0.1

—

present

- 17 96

- 26
i n

5

- 2

- 4

- 5

0

+ 1

Liskien

+ 21 96

- 8

- 18

—

—

—

—

—

—

Mg

Bair

— 6.9 %

- 1 0 . 3

— 8.5

—

—

—

—

—

—

present

+ 17 %

— 1

- 9

—

—

—

—

—

—

Ea (MeV)

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

Al

Liskien

+ 15 %

+ 7

+ 3

- 2

— 3

- 4

- 2

—

—

—

—

Bair

+ 2.1 %

- 1.3

- 6.0

- 7.8

— 7.2

— 7.8

- 6.8

- 7.6

- 7.8

— 8.3

- 8.3

present

+ 9 96

+ 6

0

I

— 3

- 4

- 2

0

0

0

+ 2

Liskien

+ 150 %

+ 100

—

—

—

—

—

—

—

—

—

S i

Bair

—

+ 2.6 %

- 7.9

— 8.4

— 7.7

- 6.8

- 7.5

—

—

—

—

present

+ 56 %

+ 47

- 3

— 4

— 2

— 1

- 8

—

—

—

—

LCD

-9

C t\t<L L T? lift ft*} t£ L C Z.

- 6 6 -


