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CROSS SECT IONS AND DIFFERENTIAL SPECTRA FOR RFACTIONS 
OF 2-20 HeV NEUTRONS ON ? 7 A 1 

H. Blann and T. T. Komoto 
E-Division, Physics Department 

Lawrence Livermore National Laboratory 
P. 0. Box BOB 

Livermore, California 91550 
O C I D — 2 1 3 1 2 
DE88 005881 

This report summarizes product yields, secondary n,p and a spectra, 
and y -ray spectra calculated for incident neutrons of 2-20 HeV on Al 
targets. 

Results are all from the code ALICE, using the version ALISO which does 
weighting of results for targets which are a mix of isotopes. Where natural 
isotopic targets are involved, yields and n,p,a spectra will be reported 
weighted over isotopic yields. Gamma-ray spectra, however, will be reported 
for the most abundant isotope. 

In Section I, we present product yields versus incident neutron 
energy. In Section 11, we present n,p,a spectra versus incident neutron 
energy, and in Section III, we present calculated y-ray spectra. 

DISCLAIMER 

This report, was prepared ^ an j c t o u n l uf w<irK sponsored h > -in jjiOKv <>t :lie I niicd S ta l e s 
Governmen t Nei ther ihe I 'ni tcd S ta l e s ( i uvc rnmcn i imr J M \ .njcru • ihcrcnl . IIMI ,irn <•( iheir 
employees , makes ;im v..irr;int>, express >ir implied, -if ,i-.>mii<:>. ,.rr. k ^ i i i i . ih l r i - <i fcsp-inM-
Nilit \ fur I he j c c u r ; K \ mfnpl t - lcnc\s >>t u sc fu l t l t ^ <<t J I ^ Kiluj!i..iiinii i p p . i r . i . . . ;-:.*iuLt. in 
r>i'H.rss rlisLloscd iii rcprcMrnis :hal il- use *'-uJii N--I .i'.:riFif:t ;> : .> i in . •-» i^'l .•'.;> Ketcr 
e r n e Per*-in \'i J .T . spt-i ilii L i »mmcfti.il pr "iu^i ;:p«.i;-.% •* . ; - - . . . i -•> ' . H;L ' i • • u l c n u r n . 
o i . i f l V . u ' u r c >' • i t ' - - - " t- -.Ux:\ fl'i! rKt'.^%.i!Fl\ ....',-!. .'-. ; . . . ! irnifii 

!3bSA(l ) -1/19/88 

F . . » T - ' P " - " P c.t T";", " " " ' , ' ;:T :"> LiJ'-'iMlTcD 
<>> 



SECTION 1 

27 Yields from A1(n,x) Reactions 
for 2-20 MeV Incident Neutrons 
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opicaily weighted cross sactions and spectra follow 

otopically weighted results for incident anargy 2.OQ mavlleb) 
T.IC number 13 13 13 13 IS IS s number 28 27 26 25 24 23 xsect s<j) 1.430a+03 1 459«*0J Q. 0. 0. 0. 
mic number 12 12 12 12 12 12 s number 27 26 25 24 23 22 xsact slj) 0. 0. 0. 0. 0. 0. 
mic number 11 11 11 II II 11 s number 26 25 24 23 22 21 xsact s(Jl 0- 0. 0. 0. 0. 0. 

otopicslly weightad results for incident energy 3.00 nevdab) 
mic number s number xsect s(J) 

13 13 2J 27 1.249e+03 1.ZB9e »03 
13 26 0. 0. 

13 24 Q. 
15 23 0. 

mic number s number xsect stJ) 
12 12 27 24 1«29e-0l 0. 

12 25 0. 
12 24 
0. 

12 23 0. 
12 22 0. 

mic number s number xsect SO' 
11 11 2* 2 = 0. 0. 

11 24 0. 
11 23 0. 

11 22 
D. 

11 21 0. 

otopically weighted results for incident energy 4.00 mev(lab) 
mic number s number xsect SCJ1 

13 15 
2» 27 
1,1S9e<03 1,237e »03 

13 26 0. 11 
0. 

13 24 0. 
13 25 0. 

mic nun.c-er s number xsect su> 
12 12 27 26 9.9556400 c. 

12 25 0. 
12 24 0. 

12 23 0. 
12 22 0. 

mic number s nuifbar 
XSBCC S(J> 26 25 

0. 0. 
11 24 0. 23 

Q. 
11 22 0. 

11 21 0. 

-3 

15 13 13 13 13 22 21 20 19 IS 0. 0. 0. 0. 0. 
12 12 12 12 12 21 20 19 IS 17 0. 0. 0. 0. 0. 
11 11 11 11 11 
20 19 IS 17 1< 0. 0. 0. 0. 0. 

13 13 15 15 13 22 21 20 19 IS 0. 0. 0. 0. D. 
12 12 12 12 12 
21 20 19 IS 17 
0. 0. 0. 0. 0. 
11 II II 11 11 20 19 18 17 16 0. 0. 0. 0. 0. 

13 IS 13 IS 13 22 21 20 19 IS 0. 0. 0. 0. 0. 
12 12 12 12 12 21 20 19 IS 17 0. 0. U. 0. 0. 
11 11 11 11 11 20 19 IS 17 IS 0. 0. 0. 0. 0. 



otapically weighted results for incident energy 

1Z 24 0 

5.00 mevllab) 
nic number ; number xsect s[J' 

13 28 1.155e*03 1.194e*03 
1 5 26 0. 

lie number s number <sect s(j) 
12 27 3.966e*01 

12 26 
0. 

12 25 0. 
nic number ; number xsect s(j> 

11 
26 0. 

11 25 D . 
11 24 0. 

11 

V. 
13 
22 
0. 

0. 
12 21 0. 

11 21 11 20 

15 
S 5 

^topically weighted results for incident energy 
1 J -me number ^ number xsect s(J) 

nic number 
i number •CSQCt Slj) 
tuc number ; number <sact s(j) 

1 . t I 9 e + 0 S 
15 15 
27 26 
1 1 8 1 * 4 0 3 0 . 

6.727«+0l 0. 
11 11 
25 24 0. 1 161 

15 25 0. 

6.00 mev(lab) 

11 
0. 

15 21 
0. 

itopically weighted results for incident energy 7,00 mev(lab) 
nic number . number <sect s(j) 
nic number 
J number 
<sect sljl 
nic number 5 number Ksect s<)> 

12 12 
27 26 8 Sldu.Ol 0. 

13 25 0. 

11 II 24 25 
5.471e»00 0. 

15 24 0. 

1 I 21 0. 

12 21 0. 
12 18 0 

otopicelly weighted results for 
>nic number > number tsect stj) 
"iic number s number xsec t s1J 1 
<nic number s number xsect stjl 

12 27 1.0ne«02 

13 
27 

03 I.D72e+05 
12 26 0. 
11 
25 

incident energy 
15 15 

11 
23 
0. 

8.00 mev(lab) 

IZ 22 0. 
I I 
22 
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otopicallv weighted results for incident energy 9.00 mav(lab) 
nic number 
> number 

13 13 
2S 27 
9 . 9 9 9 e » 0 2 1 .032*+ 03 

15 
26 
0 . 

13 
25 
0 

13 
24 
0 . 

15 
23 
0 . 

•nic number 
s number 
* s e c t s t i ) 

12 12 
27 26 
1 ,091e*t>2 D. 

12 
25 
0 . 

12 
24 
0 . 

J! 
0 . 

12 
22 
0 . 

T I I C number 
•5 number 
KSect S O ) 

11 11 
26 25 
a . o . 

11 11 
24 23 
3 . 4 4 4 e . 0 1 0 . 

11 
22 
0 . 11 

0 . 

otopically weighted results far incident «nergy 10.00 m w l l a b ) 
nic number 
~ number 
*56Ct 5<J) 

13 
28 
9.54S«4Q2 

13 
27 
9 ,S85«>02 

13 
26 
0 . 

13 
25 
0 . 

15 
24 
0 . 

15 
25 
0 . 

nic number 
* number 
KSOCt S(J1 

12 
27 
1 . ] 0 7 e * 0 2 

12 
26 
5 . 2 7 9 e ( 0 1 

12 
25 
0 . 

12 
24 
0 . 

12 
23 
0 . 

12 
22 
0 . 

nic number 
; number 
<soct sc j 1 

1 1 
26 
0 . 

11 
25 
0 . 

11 
24 
5 . 0 9 5 6 * 0 1 

11 
23 
0 . 

11 
22 
0 . 

1 1 
21 
0 , 

Jtopically weighted results for inci dent energy 11 .DO mev(lab) 
nic number 13 15 13 13 13 13 
; number 28 27 26 25 24 23 *s*ct s<jl 9.050e*02 7.281e*02 0. 0. 0. 0. 
nic number 12 12 12 12 12 12 
i number 27 2£ 25 24 23 22 
•(sect s(J) 1.Q91«t02 2.194**02 0. 0. 0. 0. 
nic number 11 11 11 M II 11 
5 number 26 25 24 23 22 21 xsact s(J) 0. 0. 6.6940*01 0. 0- D. 

otopiceliy weighted results for incident energy 12.00 mevliabl 
nic number 13 13 13 13 13 13 
•i number 28 27 26 25 24 23 
<sect s(J) 8.547e+02 5-742e*02 tt. 0. 0. 0. 
uic number 12 12 12 12 12 12 
s number 27 26 25 24 23 22 
<sect s U > 1.0436*02 3.393a* 02 0. 0. 0. 0, 
nic number 11 u u n n 11 
i numbor 26 25 24 23 22 21 <iOCt SC1I 0. 0. 7.518e*01 0. 0. 0. 
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13 13 13 13 
22 21 20 19 
0 . 0 . 0 . 0 
12 12 12 12 
21 20 19 I S 
0 . a. 0 . 0 . 
11 11 11 
20 19 la 17 
0 . 0 . 0 . D. 

21 
0 . 

20 
0 . 

11 
20 
0 . 

11 
19 
0 . 

I t 1 1 
17 16 
0. 0 . 

1 J 15 1 1 13 13 
22 21 20 19 ia 0 . 0 . 0. 0. 0 . 
12 12 12 12 12 

l\ 20 19 18 17 l\ 0 . 0 . 0 . 0 . 
11 1 1 1 1 11 U 
20 19 ia 17 16 
0 . 0. 0. 0 . 0 . 

12 
19 
0. 



o t o p i c a l l y w e i g h t e d r e s u l t s f a r i n c i d e n t energy 1 4 . 0 0 m e v ( l e b ) 

nic number 
f number 
<sect s t J ) 

13 IS 
28 27 
7 . 6 9 0 e < 0 2 3 .6246+02 

13 
26 
4 . 2 i v e < 00 

13 
25 
0. 

13 13 
24 23 
0 . 0 . 

ni c number 
; number 
* s e c t s [ j > 

12 12 
27 26 
7 . 5 9 0 e + 0 1 4 . 8 8 : s * 0 2 

12 
25 
0 . 

12 
24 
0 . 

12 12 
23 22 
0 . 0 . 

nic number 
i number 
<soct s[J> 

11 11 
26 25 
0 . 0. 

11 
24 
9 . 4 8 1 . . 01 

11 
25 
2 .875(1*00 

11 11 
22 21 
0 . 0 , 

o t o p i c a l l y w e i g h t e d r e s u l t s f o r i n c i d e n t energy ( 6 , 0 0 flt%v(lab) 
mic number 
^ number 
xsac t s t j ) 

13 13 
28 27 
7 . 0 1 2 e + 0 2 2 . 4 6 2 e + 0 2 

13 
26 
6 . 8 8 4 . . 0 1 

13 
25 
0 . 

13 
24 
0 . J ' 

mic nuinber 
s number 
«sect s l j ) 

12 12 
27 26 
4 0011e.pl 4 . 9 4 0 0 + 0 2 

12 
25 
0 . 

12 
24 
0 . 

12 
23 
0 . 

if 
0 . 

•nic number 
i number 
xsec t s ( j J 

11 11 
26 25 
0 . 0 . 

1 1 
24 
8 . 3 2 5 e + 0 1 

11 
23 
3 .379O+01 

11 
22 
0 . 

11 
21 
0 . 

c - t o p i c a l l y w e i g h t e d r e s u l t s f o r i n c i d e n t < energy 1 8 . 0 0 nev(lab) 
nic number 
s number 
xsec t s ( j ) 

13 13 
28 27 
6 . 4 5 2 e + 0 2 1 . 8 3 0 0 + 0 2 

13 
26 
1 .3540+02 

25 
0 . 

13 
24 
0 . 

13 
23 
0 . 

n i e number 
i number 
<sac£ s(J> 

12 12 
27 26 
5 . 0 2 8 e . 0 1 4 . 6 7 2 8 * 0 2 

12 
25 
0 . 

12 
24 
0 . 

12 
25 
0 . 

12 
22 
0 . 

•nic number 
3 number 
*sf tct S ( J J 

11 11 
26 25 
0 . 0 . 

11 
24 
6 . 4 6 4 6 + 0 1 

11 
23 
6 .89( ,c i*01 

11 
22 
0. 

2 . 
0 . 

c - t o p i c a l l y w e i g h t e d r e s u l t s f o r i n c i d e n t energy 2 0 . 00 tnev < l a b ) 
mic number 13 13 13 13 13 13 
5 number 
x s e c t s t j ) 

2 ! ' 27 
5 . 9 2 5 e + 0 2 1 4 1 9 . + 0 2 

26 
1 . 6 7 6 e + 0 2 o 5 24 

0 . 
23 
0 . 

mic number 
s number 
xsect s(j> 

12 12 
27 26 
4 .337e+01 4 . 5 8 4 e + 0 2 

12 
Z5 
0 . 

12 
24 
0 . 

12 
23 
0 . 

12 
o 2 

mic number 
s number 
x s e c t s { J ) 

11 11 
26 25 
4 . 0 3 9 e - 0 1 0 . 

11 
24 
4 .2120+D1 

11 
23 
9 . 8 1 6 0 . 0 1 

1 1 
22 
0 . 

11 
21 
0 . 
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13 13 13 
22 21 20 
0 . 0 . 0 . 
12 12 12 
21 20 19 
0 . 0 . 0 . 
11 11 1 ! 
20 19 I S 
0 . 0 . 0 . 

13 
22 
0 . 

13 
21 
0 . 

13 
20 
0 . 

12 
21 
0 . 

20 
0 . 

12 
19 
0. 

11 
20 
0 . 

11 
19 
0 . 

11 
IS 
0 . 

if 
0 . 

13 13 13 
22 21 20 
0 . 0 . 0 . 

15 1 3 13 
22 
0 . 

21 
0 . 

20 
0 . 

I Z 

V. 
12 
20 
0 . 

12 
19 
0 . 

11 
20 
0 . 

11 
19 
0 . 

11 
o 8 

13 
18 
0 . 

I* 
0 . 
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SECTION 2 

Particle Spectra from AI(n,x) Reactions 
for 2-20 MeV Incident Neutrons 



^topically weight* 
*6 ds/delmb/r»ov> » 
0.250 
0.7*0 
1 250 
1 .750 

results for incident energy 2.00 mav(lab) 
neutrons protons alphas doutorons 

0. 0. 0. 4.949Se*02 
8.4987e»02 
8.272«e*02 
7 1503a.02 

0. 0. 0. 

^topically weightad results far incident energy 
Km ds/delatb/iaav] • 
0 . 2 5 0 
0 . 7 5 0 
I . 2 5 0 
I . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 

neutrons 
i 0579a.02 
5.2507e*02 
5.1152a.02 
4.6l26e*02 
4.1 041 a.02 
J.6S7le*0Z 

3.65S7e-01 

deuterons 
0. 

otopti jlLy weighted results fop incident energy 4.00 mevllab) 
Ke ds/ueimb/mav)> neutrons protons alphas deuterons 
0.250 
0.750 
1 .250 
I .750 
2.250 
2.750 
3.250 
3.7 50 

2.3799e«02 
4.083Se*0Z 
J.9«21e«02 
3 59t0«»02 
3 2032o*02 
2 8369e<02 
2 495ta«0Z 
2 1723.»02 

?;tra 
otopicollv weighted results for incident energy 5.00 mevdabl 
ke ds/dalmb/mav)• neutrons protons alphas deutarons 
0 250 
0.750 
! .250 
1 .750 
2.250 
2.750 
3.250 
3 7 50 
4.250 
4.7 50 

.0063e*02 

.4436a*02 
3602a.02 

.03478*02 

.7057o*0Z 
4 0 1 4 B * 0 2 . 1 179C02 .S507e*DZ .59B6e*02 
3«JO«*02 

. 3 2 6 2 e - 0 1 
, 6 8 9 1 e * 0 0 

3 7 3 l a * 0 1 
6 5 8 7 e * 0 1 
5078a*01 



sotopleally weight ad results for Incidant anargy •'.00 asavdab) 
k* d»/da<mb/i»av)* nautrons protons alphas dautarons 

2 5 0 
. 7 5 0 

•m •m 
. 2 5 0 
. 7 5 0 
. 2 5 0 
. 7 5 0 

1 76<5e<02 3.02970*02 2 9568 m 02 2.6733e«02 2.3868o*0Z 2.122Za*02 1 .87610*02 1.6446.*02 1 .42640*02 1 .2230**1)2 1 .0369e*0Z S.705«e»01 

2072e»01 3441e*01 1058e«01 3078e*01 14460*01 0. 0. 0. 0. 0. 
0. 0. 0. 

lotopicoliy weighted 
ka ds/deonb/mev)B 

0 . 2 5 0 
0 . 7 5 0 
1 . 2 5 0 
1 . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 
3 . 2 5 0 
3 . 7 5 0 
4 . 2 5 0 
4 . 7 5 0 
5 . 2 5 0 
5 . 7 5 0 
6 . 2 5 0 

results for Incident energy 7.00 
neutrons protons alphas 
1.64370*02 2.81B9e*02 2.7536e*02 2.49270*02 2.2291**02 I.98580*02 1.7598**02 1.54730*02 1.34730*02 1.1611e*02 9.90990*01 8.39S9e*01 7.0719**01 

1.80020-01 2.8824**00 1 .08000*01 2.10S2o*01 2.79590*01 2.99180*01 2.8629O+01 2.5974e*01 2.28280*01 0. 

!;««?;!! 

<U*t» 
deuter 
0. 0. 0. 

I! 
sotopicolly weighted rasults for incidant anargy 8.00 mev(lab) 
ke dj/decmb/msv)= 
0.250 0.750 t .250 1 .750 2.250 2.750 3.250 3.750 4.250 4.750 5.250 5.750 6.25D 

neutrons 
1.49120*02 2.55740*02 2.50110*02 2.26760*02 2,03160*02 1.81380*02 1 <ll6e«02 1 .42150*02 1 2427*<02 1 .07*20102 9.2422**01 7.8892e*01 6.71210*01 5.6727**01 4.69570.01 

717Se-01 .76190*00 .03770*01 02640*01 .70120*01 .90030*01 .78780*01 . 5442e*01 .27120*01 
97230*01 
6905e*01 

deuterons 

8.(9070-03 
I . 8 1 8 2 . - 0 1 1 .31760*00 4.8<39e*00 1 .09970*01 
1 .75110*01 0. 
0. 0. 
0. 
0. 0. 
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s o t o p i c a l l y w e i g h t e d 
ke ds/deCmb/mev1= 

0 . 7 5 0 
1 . 2 5 0 
1 . 7 5 0 
4 . 2 5 0 
2 . 7 5 0 
1 . 2 5 0 
3 . 7 5 D 
4 , 2 5 0 
4 . 7 5 0 
5 . 2 5 0 
5 . 7 5 0 
£ . 2 5 0 
4 . 7 5 0 
7 . 2 5 0 
7 . 7 50 
5 . 2 5 0 

e s u l t s f o r i n c i d e n t e n e r g y 5 . 0 0 mtovdabl 
n e u t r o n s p r o t o n s a l p h a s d e u t a r o n s 
1 . 3 1 6 6 0 * 0 2 
2 3 6 0 6 0 * 0 2 
z.3 i ioa*02 
2 . 0 9 8 3 0 * 0 2 
1 . 8 8 3 1 * * 0 2 
I . « » 4 5 a * 0 2 
1 . S0O!«K>2 
I . 3 2 t 8 » « 0 2 
1 .1637e»0Z 
1 . 0 1 1 7 * * 0 2 
8 . 7 3 0 3 0 * 0 1 
7 . 4 9 6 0 * * 0 1 
6 . 4 Z 3 4 * * 0 1 
5 . 5 0 7 5 * * 0 1 
4 . 6 3 * 0 * * 0 1 
3 . 8 7 0 4 e * D I 
3 . 1 9 9 5 * * 0 1 

58180-01 
5*47**00 
4595**0 
8906o*0 
524«e*0 
7215**0 
62620*0 
4084e»0 
1 6 3 0 e * 0 
9097e»0 
t o 2 2 a * 0 
4 3 5 9 e * 0 
Z2S3e*01 

0 . 0 . 
0 . 0 . 
7 . 3 2 7 5 * - 0 3 0 . 
1 . 5 3 1 9 * 0 1 0 . 
1 . 1 1 0 2 e < 0 0 0 . 
4 . 0 9 S 2 a * 0 0 0 . 
9 . 2 6 6 1 * * 0 0 0 . 
1 . 4 7 5 4 * * 0 1 0 . 
1 . 8 7 3 9 0 * 0 1 0 . 
2 . 0 7 4 S * * 0 1 0 . 
0 . 0 . 
0 . 0 . 

satopically weighted 
ka ds/da (mb/mev)= 
0 . 2 5 0 
0 . 7 50 
f . 2 5 0 
1 . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 
3 . 2 5 0 
3 . 7 50 
4 . 2 5 0 
4 . 7 5 0 
5 . 2 5 0 
5 . 7 5 0 
6 . 2 5 0 
6 . 7 5 0 
7 . 2 5 0 
7 . 7 5 0 
8 . 2 5 0 
8 . 7 5 0 
9 . 2 5 0 

r e s u l t s f o r i n c i d e n t energy 1 0 . 0 0 mav( lBb) 
n e u t r o n s p r o t o n s a l p h a s d a ^ t a r o n s 
1 .0402a»02 
1 9 4 4 5 e * 0 2 
2 . 1 2 0 4 * * 0 2 
2 . 0 1 3 8 * * 0 2 
1 . 8 0 9 0 * * 0 2 
1 . 6 2 0 2 * * 0 2 
1 . 4 4 4 9 * * 0 2 
1 . 2 8 0 1 e * 0 2 
1 . 1 2 4 8 * * 0 2 
9 . 8 0 1 7 * * 0 1 
8 . 4 8 0 9 e * 0 1 
7 . 3 0 5 2 * * 0 1 
6 . 2 8 3 9 e * 0 l 
5 . 4 1 2 7 * * 0 1 
4 6 2 0 9 * 1 0 1 
3 . 9 1 0 4 0 * 0 1 
5 29228*01 
2 . 7 5 0 7 o » 0 l 
2 . 2 7 3 7 * * 0 1 

I . 0 2 1 0 * * 0 2 
2 . 3 5 2 t e « 0 0 
8 . ( 7 7 8 6 * 0 0 
1 - 7 4 0 9 e * 0 1 
2 . 3 3 1 8 * * 0 1 
2 . 5 1 8 l e * 0 1 
2 . 4 3 7 5 0 * 0 1 
2 . 2 4 5 5 8 * 0 1 
2 . 0 2 3 5 * * 0 1 
1 ,S06Q«*01 
1 . 5 8 9 4 e * 0 1 
1 . 3 9 3 1 0 * 0 1 
1 . 2 1 5 1 * * 0 1 
1 05220*01 
9 . 0 0 6 ? e * 0 0 

0 . 0 . 
0 . 0 . 
0 . 0 . 
6 . 7 7 5 8 0 - 0 3 0 . 
1 . 4 1 6 6 . - 0 1 0 . 
1 , 0 2 6 6 * * 0 0 0 . 
J . 7 8 9 6 e * 0 0 0 . 
B . 5 6 8 4 o * 0 0 0 . 
1 . 3 6 4 3 0 * 0 1 0 . 
1 . 7 3 2 8 o * 0 l 0 . 
1 . 9 1 8 1 0 * 0 1 0 . 
1 . 9 4 8 9 * * 0 1 0 . 
1 . 8 7 2 6 0 * 0 1 0 , 
0 . 0 . 
0 . 0 . 
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; o t o p i c e l l y w e i g h t e d r e s u l t s f o r i n c i d e n t energy 1 1 . 0 0 m o v ( l a h ) 
ke ds /detmb/mev)= 
0 . 2 5 0 
0 . 7 5 0 
1 . 2 5 0 
1 . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 
1 . 2 5 0 
5 . 750 
4 . 2 5 0 
4 . 7 5 0 
5 . 2 5 0 
5 . 7 5 0 
6 . 2 5 0 
6 . 7 5 0 
7 . 2 5 0 
7 . 7 5 0 
8 . 2 5 0 
8 . 7 5 0 
9 . 2 5 0 
9 . 7 5 0 

1 0 . 2 5 0 

n e u t r o n s 
1 .O053e*02 
1 . * 2 1 1 e t 0 2 
1 . 7 1 6 0 e » 0 2 
1 . 7 2 7 7 e * 0 2 
1 7 2 5 6 e * 0 2 
1 . 5 8 1 5 e * 0 2 
1 4118e«02 
1 . 2 5 2 2 e * 0 2 
1 1019e»02 
9 . 4 1 6 7 . » 0 1 
8 . 3 3 5 B e ? 0 l 
7 . 1 9 5 Z » » 0 1 
6 2 0 4 O e * 0 l 
5 .S5B5etOI 
4 . 6 1 5 9 e » 0 1 
3 . 9 4 2 9 e * 0 l 
3 . 3 6 1 0 e » 0 1 
2 . 8 5 5 2 « » 0 1 
2 . 4 1 3 6 e * 0 1 
2 . 0 2 6 4 c * 0 1 
1 6 8 5 2 e » 0 1 

0 . 
1 . 8108e»02 
1 . 6 6 7 t e * 0 2 
7 . 3 1 2 6 e > 0 1 
1 . 7 » 5 1 e l 0 1 
2 . 3 9 1 7 e * 0 I 
2 . 5 8 3 5 ( 1 . 0 1 
2 . 5 0 1 4 e t 0 1 
2 . 3 0 2 8 « » 0 1 
2.0774e*01 
1 . 8 6 1 6 e < 0 l 
1 .64746.01 
1 .4555e»01 
1 .ZB39et01 
1 .1294e«01 
9 . 8 8 < 1 e t 0 0 
8 . 5 8 1 0 e » 0 0 
7.35J7e»00 
0. 

e . 8 7 1 4 a -
I . 4 0 4 5e -
1 . 0 1 9 i e t 
5 . 7 6 2 7 e * 
8 . 5 0 7 7 e + 
1 . 3 5 4 6 e * 
1 . 7205 , 
1 .90451 . 
1 . 9381 a * 
1 . 8 5 9 3 e t 
1 . 72050+ 
1 .5495e» 

d e u t e r o n s 
0 . 
a. 
0 . 
o . 
0 . 
0 . 
0 . 

. o t o p i c e l i y w e i g h t e d r e s u l t s f o r i n c i d e n t energy 1 2 . 0 0 m e v d a b l 
ke ds/de(inb/*mev) = n e u t r o n s p r o t o n s a l p h a s d e u t e r o n s 
0 . 2 5 0 
0 . 7 5 0 
I . 2 5 0 
I . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 
3 . 2 5 0 
3 . 7 5 0 
4 . 2 5 0 
4 . 7 5 0 
5 . 2 5 0 
5 , 7 5 0 
6 . 2 5 0 
6 . 7 5 0 
7 . 2 5 0 
7 . 7 5 0 
8 . 2 5 0 
8 . 7 5 0 
9 . 2 5 0 
9 . 7 5 0 

1 0 . 2 5 0 
1 0 . 7 5 0 
I 1 . 2 5 0 

9 . 6 1 Z 8 e « 0 1 
4 2 6 7 e * 0 2 

. 4 4 8 3 o * 0 2 

426.2e*Q2 
4 1 1 3 e * 0 2 
2792e«02 
1 2 5 9 C 0 2 
8284e<01 
5 2 1 5 e * 0 1 
3574e*D1 
3455e*01 
4 8 2 4 e * 0 1 
7 4 3 6 e « 0 l 
0732e<0 l 
4 9 7 l e + 0 l 
0002B.01 

.5703e«01 
, 1 9 7 3 e t O I 
8 7 2 8 e * 0 1 
5S90e+OI 
JS87e*01 

1 .5445e*02 1 8041e*02 1 .71)80*02 
1 . 18S9e<02 
S .4651e»01 
2 64 5 8 0 . 0 1 
2 . 5 6 2 3 e * 0 1 
2 . 3 5 9 3 e < 0 1 
2 . 1 2 8 5 e * 0 1 
1 . 9 0 9 0 6 * 0 1 
1 . 6 9 8 0 0 . 0 1 
1 , 5 0 7 9 e * 0 1 
1 , 3 3 9 8 e * 0 1 
1 . I 9 0 4 e * 0 1 
1 .0562e>01 
9 . 3 3 9 2 e * 0 0 
8 . 2 1 0 5 0 . 0 0 
7 . 1 5 8 0 o * 0 0 

0 . 
8: 
0 . 

5 . 2 2 7 1 6 - 0 5 0 . 
1 . 2 3 1 8 . - 0 1 0 . 
9 . 6 1 4 7 e - 0 1 0 . 
3 . 5 4 9 2 e « 0 0 « . 
8 0249o+00 0 . 
1 . 2 7 7 8 o » 0 1 0 . 
1 . 6 2 2 9 e « 0 l 0 . 
1 . 7 9 6 5 e * 0 1 0 . 
1 . 8 2 5 3 0 * 0 1 0 . 
1 . 7 5 3 8 o * 0 l 0 . 
1 . 6 2 2 9 0 * 0 1 0 . 
1 . 4 6 1 6 e * 0 1 0 . 
1 . 2 8 9 3 e * 0 l 0 . 
I . 1 1 9 4 e t 0 1 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
0 . 0 . 
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sotapicaLly weighted results for incident energy 14-00 nevfleb) 
ka ds/dft(mto/mav)« nautrons p r o t o n s a l p h a s dau 
0 . 2 5 0 1 . 0 3 9 9 0 * 0 2 0 . 0 . 0 . 
0.7 so 1 . 3 0 4 7 B » 0 2 1 0 9 4 4 a * 0 2 0 . 0 . 
1 . 250 1 . 2 3 1 4 a * U 2 1 ,4260a*Q2 0 . 0 
1 . 7 5 0 1 . 1 4 5 4 x 0 2 1 . 7 0 4 4 0 * 0 2 2 . 7 7 5 5 a - 0 2 0 . 
2 . 2 5 0 1 . 0 9 3 0 0 * 0 2 1.7 3 8 9 * * 0 2 3 . 8 1 7 9 . - 0 1 0 . 
2 . 7 5 0 1 . 0 6 5 8 * 4 0 2 1 . 4 8 2 5 0 * 0 2 1 . 7 2 3 1 * * 0 0 0 . 
3 . 2 5 0 1 . 0 4 9 8 * * 0 2 1 . 1 0 5 6 a * 0 2 3 . 6 1 « 0 a » 0 0 0 . 
3 . 7 5 0 1 . 0 3 2 2 8 * 0 2 7 . 4 4 0 6 8 * 0 1 7 . 2 1 3 3 * * 0 0 0 . 
4 . 2 5 0 i . 0 0 5 6 8 * 0 2 4 . 5 8 346 *01 1 . 2 9 4 6 0 * 0 1 0 . 
4 . 7 5 0 9 . 6 8 5 2 0 * 0 1 2 . 6 7 7 0 B * 0 1 1 . 7 7 1 0 a » 0 1 0 . 
5 . 2 5 0 9 . 2 2 8 2 a * 0 1 2 . 0 7 3 6 e * 0 1 1 . 9 6 0 4 a * 0 1 0 . 
5 . 7 5 0 7 . 9 6 8 5 a * <M 1 . 8 5 5 6 0 * 0 1 1 . » 9 1 9 e * 0 ] 0 . 
6 . 2 5 0 6 . 8 6 4 9 8 * 0 1 1 . 6 5 6 2 a * 0 1 1 . 9 1 3 9 8 * 0 1 0 . 
6 . 7 50 5 . 9 Z 3 J s * 0 1 1 .4821a+01 1 . 7 7 1 0 8 * 0 1 1: 7 . 2 5 0 5 . 1 2 9 1 8 * 0 1 1 . 3 3 0 0 * * 0 1 1 . 5 9 508*01 1: 7 . 7 5 0 4 . 4 3 8 5 0 * 0 1 1 1963a*01 1 . 4 0 7 0 8 * 0 1 0 . 
8 . 2 5 0 3 . 8 3 7 S a * 0 1 1 . 0 7 7 S * * 0 1 1 . 2 2 1 5 8 * 0 1 

1 . 0 4 7 7 8 * 0 1 
0 . 

8 .7 50 3 . 3 2 5 4 e » 0 l 9 . 7 0 8 5 o » 0 0 
1 . 2 2 1 5 8 * 0 1 
1 . 0 4 7 7 8 * 0 1 0 . 

9 . 2 5 0 2 . 8 8 7 9 e * 0 1 8 . 7 4 4 2 0 * 0 0 8 . * 9 9 O a * 0 D 0 . 
9 . 7 5 0 2 . 5 1 4 5 0 * 0 1 7 . 8 7 0 6 * * 0 0 

7 . 0 7 8 5 a * 0 0 
7 . 4 9 7 0 8 * 0 0 0 . 

1 0 . 2 5 0 2 . 1 9 5 8 8 * 0 1 
7 . 8 7 0 6 * * 0 0 
7 . 0 7 8 5 a * 0 0 6 . 2 7 0 7 8 * 0 0 0 . 

10 .7 50 1 . 9 2 3 5 0 * 0 1 6 . 3 1 0 7 0 * 0 0 0 . 0 . 
1 1 . 2 5 0 1 . 6 9 0 0 B « 0 1 5 . 3 6 6 1 « * 0 0 0 . 0 . 
I I . 7 5 0 1 •18840*01 0 . 0 . 0 . 
1 2 . 2 5 0 1 3 1 2 5 « * 0 I 0 . 0 . 0 . 
1 2 . 7 5 0 1 . 1 2 9 5 0 * 0 1 0 . 0 . 0 . 
1 3 . 2 5 0 9 . 3 5 1 9 » + 0 0 0 . 0 . 0 . 
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. o t o p i c a l l y walghtod r e s u l t s for i n c i d o n t onorpy I t . 0 0 M v d o b l 
ko ds /dolab/aov)> 
0.250 
0.7 50 
1 .250 
1 .750 
2.250 
2.7 50 
3.250 
3.750 
4.250 
4.750 
5.250 
5.750 
11.750 
7 .250 
7.750 
8.250 
S.750 
9.250 
9.750 
0.250 
0.750 
I .250 
1 .750 
J.250 
2.750 
3.250 
5.750 
4.250 
4.750 
5.250 

nautrons protons alphas doutorona 
I , 4t88e*02 0 , 0 . 0 . 
1 . 7686..02 7 . 5l39o»01 0 . 0 . 
1 . ,45290*02 .1452..02 1 . 0512o*02 0 . 0 . 
1 

,45290*02 .1452..02 1 . 3767a*02 2 . 7138.-02 0 . 
1 . .031(0*02 .47630*01 1 . 5275.102 4. 1585. 01 0 . 
9 

.031(0*02 .47630*01 1 . 4026o*02 2. ,19270*00 0 . 
9 .0722a*Sl 1 , 1240o*02 5. 6992o*00 0 . 
8 .71690*01 8 , 35140*01 1 . 03320*01 

42«3o«01 0 . 
a .37400*01 5. 9854..01 1 . 

03320*01 
42«3o«01 0 . 

8 .02570*01 
,65970*01 4 . 235So»01 1 . ,666Bo*0J 0 . 

7. 
.02570*01 
,65970*01 3 . .34200*01 1 . 79!ba*0 0 . 

7 2690o<01 2 , 6559o*01 1 . 94t9o*0{ 0 . 
6 .85920*01 Z. 1486.101 2 ,1029a*01 0 . 
6 .44470*01 1 . 7S6*o*01 2 .04640*01 0 . 
6 .0361.*01 1 . 5549..0t 1 .8430.»01 0 . 
5 .13990+01 1 , ,40120*01 1 ,625So*0J 0 . 
4 .44490*01 1 . .26670*01 1 .41150*01 0 . 
3 .H51 3o+01 1 . 14B3.»01 1 .21060*01 0 . 
3 .34976*01 1 . , 04360*01 1 .02830*01 0 . 
2 9269o*01 » .5123..00 > .66300*00 0 . 
2 ,5714o*0l 8 ,7012o«QO 7 .24600*00 0 . 
2 .Z7S0e<01 7 .99020*00 6 .02380*00 0 . 
2 .0226o*0l 7 3636a*00 4 .98290*00 0 . 
1 ,S117e*0l 6 .7797O*00 4 .10540*00 0 . 
1 .6333e*01 5 ,96S7o*00 3 .37060*00 0 . 
1 .4»10o+01 5 16S5o*00 0 0 . 
t .34970*01 4 .38130*00 0 0 . 
1 .Z106o*01 0 0 0 . 
1 .0502o*01 0 0 0 . 

> .978«o»00 0 0 0 . 
7 .51240*00 0 0 0 . 
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k a d a / d a Imb/mtv) • neu t rons p r o t o n s a l p h a s d a u t a r o n s 

0 . 2 5 0 
0 . 7 5 0 
1 . 2 5 0 

1 . 5 4 4 7 * 4 0 2 0 . 0 . 0 . 0 . 2 5 0 
0 . 7 5 0 
1 . 2 5 0 

1 9 8 8 7 * * 0 2 5 . 2 7 4 1 * * 0 1 0 . 0 . 
0 . 2 5 0 
0 . 7 5 0 
1 . 2 5 0 1 . 6 8 3 5 * * 0 2 7 . 6 6 0 1 * * 0 1 0 . 0 . 

HIS 1 . 3 9 6 3 * * 0 2 
t . 1 9 0 3 * * 0 2 

1 . 0 6 6 2 * 4 0 2 2 . 5 6 1 1 . - 0 2 0 . HIS 1 . 3 9 6 3 * * 0 2 
t . 1 9 0 3 * * 0 2 1 . 2 5 6 4 . 4 0 2 4 . 1 2 8 5 . - 0 1 O. 

2 . 7 50 1 . 0 4 3 6 * * 0 2 1 . 2 1 7 4 0 ( 0 2 2 . 3 0 1 9 * * 0 0 0 . 
3 . 2 5 0 9 . 3 5 5 9 * * 0 1 1 . 0 2 4 8 . 4 0 2 6 . 4 0 2 8 . 4 0 0 0 . 
3 . 7 5 0 8 . 5 2 3 2 . 4 0 1 7 . 9 8 0 4 . 4 0 1 1 . 2 0 0 6 * * 0 1 0 . 
4 . 2 5 0 7 . 8 5 7 4 * * 0 1 5 . 9 8 8 5 . 4 0 I 1 6 8 5 S . + 0 1 

1 . 9 6 4 1 * * 0 1 
0 . 

4 . 7 5 0 7 , S 5 7 0 e * 0 1 4 . 4 3 5 1 . 4 0 1 
1 6 8 5 S . + 0 1 
1 . 9 6 4 1 * * 0 1 0 . 

5 . 2 5 0 6 . 9 5 6 2 8 * 0 1 3 . 5 5 4 1 . 4 0 1 2 . 0 6 5 8 * * 0 1 0 . 
5 . 7 5 0 6 . 5 5 3 8 . 4 0 1 2 . 9 9 1 4 . 4 0 1 2 . 0 5 2 7 * * 0 1 0 . 
6 . 2 5 0 6 . 1 6 4 5 X 0 1 2 6 0 4 3 . 4 0 1 1 . 9 7 8 7 * * 0 1 0 . 
6 . 7 5 0 5 . 7 9 7 4 * * 0 1 2 . 5 2 3 1 . 4 0 1 1 . 8 8 0 1 * 4 0 1 0 . 
7 . 2 5 0 5 . 4 5 1 7 . 4 0 1 2 . 1 0 5 3 . 4 0 1 1 . 7 8 2 2 * * 0 1 0 . 
7 . 7 50 5 . 1 2 0 1 * * 0 1 1 . 8 0 9 4 0 * 0 1 1 . 7 2 1 0 * * 0 1 0 . 
8 . 2 5 0 
« . 7 5 0 
9 . 2 5 0 

4 . 7 9 7 2 * * 0 1 1 . 5 7 1 5 * 4 0 1 1 . 6 8 3 8 * * 0 1 0 . 8 . 2 5 0 
« . 7 5 0 
9 . 2 5 0 4 . 4 7 0 7 * * 0 I 1 . 3 8 1 5 . 4 0 1 1 . 4 8 3 0 * 4 0 1 0 . 
8 . 2 5 0 
« . 7 5 0 
9 . 2 5 0 4 . 1 4 3 9 * 4 0 1 1 .2378f l«Dl 1 . 2 5 9 6 * * 0 1 0 . 
9 . 7 5 0 3 . 5 4 7 9 * 4 0 1 1 . 1 2 7 3 . 4 0 1 1 . 0 6 1 2 . 4 0 1 0 . 
0 . 2 5 0 3 . 0 9 6 9 * * 0 1 1 . 0 3 2 2 * 4 0 1 8 8 7 6 2 . 4 0 0 0 . 
0 . 7 5 0 
1 . 2 5 0 

2 , 7 2 3 6 * * 0 1 9 . 5 0 8 2 * * 0 0 7 . 3 7 9 0 * * 0 0 0 . 0 . 7 5 0 
1 . 2 5 0 2 . 4 1 5 4 * * 0 1 8 . 8 1 2 1 O 0 0 t . 1 0 3 9 * * 0 0 0 . 
1 . 7 5 0 2 . 1 6 1 0 * * 0 1 8 . 2 1 0 0 * * 0 3 5 . 0 2 9 0 * * 0 0 0 . 
2 . 2 5 0 
2 . 7 5 0 

1 . 9506*401 7 . 6 7 8 5 » » 0 « 4 . 1 2 8 9 * * 0 0 
3 3 7 8 4 . 4 0 0 

0 . 2 . 2 5 0 
2 . 7 5 0 1 7 7 5 9 * * 0 I 7 . 1 7 1 7 * * 0 0 

4 . 1 2 8 9 * * 0 0 
3 3 7 8 4 . 4 0 0 0 . 3 . 2 5 0 

S . 7 5 0 
1 6 2 9 7 . 4 0 1 6 . 4 3 6 6 * 4 00 2 . 7 5 5 1 * * 0 0 0 . 3 . 2 5 0 

S . 7 5 0 1 . 5 0 6 5 * * 0 1 5 . 7 2 0 6 . 4 0 0 2 . 2 4 0 1 * * 0 0 0 . 
4 . 2 5 0 1 4015* *O I 5 . 0 2 3 7 . 4 0 0 O. 0 . 
4 . 7 5 0 1 . 2 8 6 6 * 4 0 1 4 . 3 4 6 8 * * 0 0 0 . 0 . 
5 . 2 5 0 1 .150 5 .401 3 . 6 8 9 3 * * 0 0 0 . 0 . 
5 . 7 5 0 1 . 0 2 0 9 . 4 0 1 O. 0 . 0 . 6 . 2 5 0 
6 . 7 5 0 

8 . 9 6 1 7 . t O O 0 . O. 0 . 6 . 2 5 0 
6 . 7 5 0 7 . 7 4 5 9 * * 0 0 0 . 0 0 . 
7 . 250 6 . 5 4 8 4 * * 0 0 0 . O. 0 . 



i .toplcally w*iflht*d rasults for incident enemy 20.00 a*vl lab) 
k* ds/d*<*t>/«*v>« 
0 . 2 5 0 
0 . 7 5 0 
I . 2 5 0 
1 . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 
J . 2 5 0 
5 . 7 5 0 
4 . 2 5 D 
•1 .750 
5 . 2 5 0 
5 . 7 5 0 
6 . 2 5 0 
6 . 7 5 0 
7 . 2 5 0 
7 . 7 5 0 
8 . 2 5 0 
8 . 7 5 0 
9 . 2 5 0 
9 . 7 5 0 
0 . 2 5 0 
0 . 7 5 0 
1 . 2 5 0 
1 . 7 5 0 
2 . 2 5 0 
2 . 7 5 0 
3 . 2 5 0 
1 . 7 5 0 
4 . 2 5 0 
4 . 7 5 0 
5 . 2 5 0 
5 . 7 50 
6 . 2 5 0 
4 . 7 5 0 
7 . 2 5 0 
7 . 7 50 
8 . 2 5 0 
8 . 7 5 0 

nautrons 
1.451Se<02 2.0017e«02 1 75S8e*02 4921**02 2832a*02 2832a*02 1241*.6? 9901**01 9748..01 1251*.01 3975*»01 767S..01 2271..01 78S6..01 4241**01 0821**01 76050.01 4570O.D1 1698**01 8983e»01 6256e*01 3682e*01 1270**01 81546.01 5196a.01 255oe*01 0399X01 863ZO.01 7176e*01 59(81*01 495Se*01 4097**01 31228*01 19816.01 08971*01 8535e«00 83790*00 S403e*00 8534e*0O 6423**00 

protons 
0. 5.71936.0 5.6435*»0 8.3822e*0 1 .0483..02 1 .0706..02 _ .47J1»*0-.7606 . * 0 .1424a40 .80620*0 .8.08*40 .21420.0 .7748o*0 .4569..0 .21690*0 .0249**0 .K6 5S..0 .75060*0 6124**0' 4236**01 .2<>82e*0l .1425a»01 .0438..01 .«!i21**00 9766..00 .3845..00 .85650*00 .3452**00 6621..00 .0159..00 .4049**00 .82580.00 .2741**00 ,7443«»0D .1512**00 

a l i c * das 1st a l ice das 1st a l ice das i s t 

alphas 

1.87960-02 0. 
3.2184.-01 0. 
1.8971**00 0. 5.8419**00 0. 
1.1428**01 0. 1.6447o.01 0. 1.94S4O.01 0. 
2.06260*01 0. 
2.0489**01 0. 1.96438*01 0. 1.84830*01 D. 1.72244*01 0. 1.5968..01 0. 
1.4777**01 0. 
1.3711«*01 0. 1.2898**01 0. 1.2250**01 0. 1.15460*01 0. 
9.6245**00 0. 7.9614..00 0. 6.5594. .00 0. 5.3853**00 0. 
3 .4064..00 0. 

.5935**00 0. 2.9217.*00 0. 2.3*94**00 0. 1.9175**00 0. 1.5490**00 0. I.2492*«00 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. e l i c * 
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SECTION 3 

27 y-ray Spectra following Al(n,_) Reactions 
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laboratory bombardment energy • 2.omov target Mass * 
compound nucleus mass a 29.0 compound nucleus formation q valg 

compound nuclaus atomic number = IS mass num* 28 
total reaction cross saction • 1458.2 

excitation energy of compound nucXeus • 9.7M«V J* D 
reaction cross section MSB.2 

• gamma cross ! E«< :tion 1 [mev) (nb/mttv) (Mh.'-r.mev) 5 .aoo«-oi 1 .446at03 1 .147••02 1 .OOO.tOD s 453.t02 6 708.«0t 1 . .500C4DD 2 9I9«»02 2, 317.»0I 2 .OQOtttOD 7 .S84.-03 < 257.-04 2 500.400 1 .569.-02 1 .245.-03 3. .000a*00 1 555.-02 2 ,028.-03 3. .sooetao 1 604.-02 2 860e-03 4. OOOetOO 4 .S37.-02 3 .6010-03 4. 500m00 5 .186.-02 4 1U.-03 S. .DOOetOD 5 .427.-02 4 307.-03 5 50Oe»00 5 .208e-02 4 .133.-03 6 .•OOetOD 4 .5610-02 3 620.-0J 
i .5000*00 3 .605.-02 2 861.-03 
7 .OOO.tOO 2 .513.-02 1 .9»4«-03 7 .500«»00 1 .484.-02 1 .178.03 8 .0000(00 i .876C-03 5 .45741-04 a .SOOe.OD 2 .124.-03 1 .686.-04 9 .000at00 3 .1734-04 2 . 518.D5 
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laboratory bombardment energy « 3.0tnev target M S S » Z7. 0 
compound nucleus mass > ZB.0 compound nucleus form*tion q value > 

compound nucleus atomic number • 13 mass nuin 28 
total reaction cross section * 1283.7 

excitation energy of compound nucleus • IQ.timev 4* 0 
reaction cross section 12B0.7 

• gamma cross section 
1 Emev) (mb/mav) tmb/sr.ivav) S, 0000-01 1 . .24*1*4 03 ». 893*401 1 . ,000a«00 S. 1J1..02 6 ,453*401 

1 . 5DDo*00 5. .647*402 4. 1524*01 
2. OOOa+OQ S .3(0*4 02 Z. 6»2*401 2 .500**00 1 .157*4 02 9. .183*400 3, .OOOatQO 5, •OJSa 02 4874-02 4. .0444-03 3. 5000*00 7. 

•OJSa 02 
4874-02 5. 942O-03 4. .000**00 9 SS84-02 7, ,»47*-03 

4. .500*400 19*4-01 9. 491«-03 5. .000*400 1 3590-01 1 . .063o-02 S. 5004*00 1 . .3954-01 1 . .1070-02 
6 .000*400 1 .3514-01 1 .075a-02 
6 .500a400 1 ,220*-41 9 .6850-03 
7 .000*400 1 .0I3S-01 S . 0 4 3 . 0 3 7 .500*400 7 .6120-02 6 .0654-03 S .OOOatOO 5 1038-02 4 .OSOo-03 
8 .500«»oo 2 .B8S.-02 Z .292003 9 .000«t00 1 .2754-02 .6620-03 1 .0124-03 
Q .SOCavOD 5 

.2754-02 .6620-03 .9060-04 
i .00044 01 4 .387*-04 3 .4824-05 
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l a b o r a t o r y bombardment e n e r g y • 4.0mav t a r g e t eoss « 2 7 . 

compaund n u c l e u s mess = 2 8 . 0 compound n u c l e u s f o r m a t i o n q v a l u e B 

compound n u c l e u s a t o m i c number = 13 mass num." 28 

t o t a l r e a c t i o n c r o s s s e c t i o n * 1 2 4 6 , 5 

e x c i t a t i o n energy o f compound n u c l e u s ' l l . 6 a e v J * 0 

r e a c t i o n c r o s s s e c t i o n 1244 .5 

e gamma c r o s s s e c t i o n 
(may) (mb/mav] {mbi'sr.mav} 

5 , 0 0 0 0 - 0 1 1 . 1 9 7 e » 0 3 j . B l l l ' O I 
1 . 0 0 0 e » 0 0 7 . 7 7 l e * 0 2 « . U 8 e » 0 1 
1.50Qe4Q0 5 . 7 6 0 0 * 0 2 4 . 5 7 1 0 4 0 1 
2 , 0 0 0 e « 0 0 4 . 3 7 3 e « 0 Z 3 . 4 7 l e « 0 1 
2 . 5 0 0 . . 0 0 5 . 1 1 4 . ( 0 2 2 . 4 7 2 a 4 0 1 
3 .0 l )0e<00 1 .840e«OZ 1 .460e<01 
3 500o«00 t . 2 6 9 0 4 0 1 4 . 9 7 5 B . 0 0 
4 . 0 0 0 e 4 0 0 5 . 2 7 5 . - 0 3 4 . 1 8 6 B - 0 4 
1 . 5 0 0 0 * 0 0 6 . 4 5 0 . - 0 3 S . 2 7 8 e - " 1 
5 . 0 0 0 e » 0 0 7 . 8 1 6 O - 0 3 6 . 2 0 3 . - 0 4 
5 . 5 0 0 e * 0 0 8 . 6 2 4 0 - 0 3 6 . 8 4 5 e - 0 4 
6 . 0 0 0 e 4 0 0 » . 9 6 8 8 - 0 3 7 . l W e - 0 4 
e.SOOetOO 8 . 7 9 3 0 - 0 3 6 . 9 7 9 . - 0 4 
7 . 0 D 0 e 4 0 0 8 . 1 1 4 - O J 6 . 4 3 9 < - 0 4 
7 . 5 0 0 e t o 0 7 . 0 0 8 e - 0 3 S . 5 6 2 s - 0 4 
8 . 0 0 0 . 4 0 0 5 . 6 1 3 e - n 3 4 . 4 5 5 0 - 0 4 
8 . 5 0 0 e * 0 0 4 . 1 0 8 S - 0 3 3 . 2 S 0 « - 0 4 
» . 0 0 0 e » 0 0 2 . 6 8 4 . - 0 3 2 . 1 3 0 . - 0 4 
9 . 5 0 0 e * 0 0 1 . 5 1 3 e - 0 i 1 . 2 0 l a - 0 4 
1 . 0 0 0 e » 0 1 7 . 0 7 4 0 - 0 4 5 . 6 1 4 S - 0 5 
1 . 0 5 0 e » 0 l 2 . S 8 8 . - 0 4 2 . 2 9 2 e - 0 5 
l . l O O e v o l 1 . 7 4 Z 0 - Q 4 l , 4 y K t - Q 5 
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laboratory bombardment anergy » S.Qwav target mass • 27.0 
compound nucleus mass « 28.0 compound nucleus formation q value • 

compound nucleus atomic number • 13 M a s num» 28 
total reoction cross section • 1232.0 

excitetlon energy of compound nucleus • 12.5mav J« 0 
reaction cross section 123Z.0 

a gamma [mev) 5.000»-B1 1.oooetoo 1 .500..00 2.000a+oo 2.500e*00 I.OOOe.OO J.SOOa+00 4.gooa+oo 4.500e»oo 5.0DOa+00 5.500e»00 6.000a.00 e.500e*00 7.00Oa«OO 7.500e+00 8.000e+oo 8.SOOa+00 V.DODaf-OD 9.500a+00 1 000.+01 
1.050.*01 1.100a.01 1.isoa.oi 1.200..01 

cross section <mb/mav) liab/sr.mav) — 9 .414. .01 4.045. .01 
4.492. .01 S.559..01 2.842e<01 2.191e»01 
1.549..01 
9.0S2e«0B 
3. 4. 

1 184..03 7..29B.02 5.440..02 4.484.4 02 
S 5SI . .02 
2 741..02 
1 9S2H.02 

87«e _. 057.-02 SIBa-02 351.-02 , 595.-02 . 5U«-02 121e-02 439e-02 5J5.-02 528e-02 504.-02 

.014.-03 .41S.-03 041a-03 .234e-03 .17Se-»S .85<a-03 .317.-03 .404.-03 .800.-03 .9S7e-03 
1.580.-02 1.254.-03 
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laboratory bombardment energy • 6.Omav target M S S • 27.0 
compound nuclaus nass * 28.0 compound nuclaus formation q value « 

compound nuclaus atomic numbar " 13 aujss nun* 28 
total reaction cross saction * 1215.5 

excitation energy of compound nuclaus - 15.Saev J* 0 
reaction cross saction 1215.5 

e gamma cross section (iiiev) Cmb/mev) (ab/sr.atv) 5.QOOe-0; 1.T?4a<03 o.332e>01 1.0000*00 7.6360*02 £.06le«01 1.500O+QQ 5.680etOZ 4.508e*01 2.000e+00 4.510o»92 3.579e*01 2.500.«00 3.691.t02 2.929e»01 
3.000e*00 3O35e«02 2.40«e»01 3.500et00 2.444e»0Z l.940e«01 
4 . a o a « « a a 1 . 8 7 6 0 * 0 2 t . 4 S 9 e > o i 
4 . 5 0 0 . . 0 0 1 . 3 l 5 a < 0 2 l . 0 4 4 . « 0 1 
5 .000O+00 7 .628O401 6 .054O40D 
5 . 5 0 0 . t 0 0 2 . 5 9 1 e » 0 1 2 . 0 5 6 a « 0 0 
t .DDOetOD 1 . 2 7 1 a - 0 2 1 . 0 0 9 . - 0 3 
e .5OOe*00 1 . 3 7 ? e - 0 2 1 . 0 9 3 e "" 
7 . 0 0 0 . . 0 0 1 . 4 3 0 e - 0 2 ' 
7 . 5 0 0 . . 0 0 1 . 4 2 5 0 - 0 2 = :1 B.OOOe.OO 1 . 3 5 9 . - 0 2 1 . 0 7 9 O - 0 J 
8 . 5 0 0 . . 0 0 1 2 3 8 e - 0 2 9 . 8 2 8 . - 0 4 
9 . 0 0 0 e . 0 0 1 . 0 7 2 0 - 0 2 B . 5 1 1 . - 0 4 
9 . 5 0 0 e » 0 0 8 . 7 6 5 . - 0 3 6 . 9 5 « O - 0 4 
l .OOOe+01 £ . 6 8 7 a - 4 3 S . 3 0 7 e - 0 4 
1 . 0 5 0 0 * 0 1 4 . 6 8 8 . - 0 3 3 . 7 2 l e - 0 4 
I . I O O e . O I 2 . 9 5 5 . - 0 3 2 3 4 5 e - 0 4 
l . l S O e . C I 1 . 6 5 0 O - 0 J 1 . 2 9 4 . - 0 4 
1 . 2 0 0 e » 0 1 7 . 8 6 50 -04 6 . 2 4 2 . - 0 5 
1 . 2 5 0 e t 0 1 " - - - - - -
1 .300 .9 .01 

- 2 1 -



laboratory bonbardaant anargy • 7. Onav taraet M S * • 27 -
compound nuciaus u s s » ZS.O compound nucleus formation q valua • 

compound nuwlaus atomic number • 13 mmmm nun* 2a 
t o t a l reaction cross section » 1198.7 

axci tat ion energy of compound nuclaus > 14.5mav J- 0 
reaction cross sactIon 1198.7 

• gamma cross saction 
1 Inav) (Hb/mevl <*>b/*r . mavl 5, ,0004-01 1 . 159.)03 9 , 1994*01 1 . 000..00 r. .5«4**02 i 005..01 1 . 500*100 5 ,694**02 4 519..01 2, 0004.00 4 , .5644*01 1. (.224*01 9$8a»01 2. .5004*00 1 . .740a*02 2 , 

(.224*01 9$8a»01 
3 .0004400 3. ,0804*02 2 . 444a*01 3, 500a<00 2 . ,5234*02 .0234*02 2 . 002**01 4 ODOKHO 2 

,5234*02 .0234*02 1 605.40I 4 500..00 1, .5474*02 1 , 22Sa*0l 5. ,000**00 1. .081..02 S .578**00 5 .500a*00 4 .254a*01 4 . 9«4**00 t ,0004*00 2. ,1304*01 75?a-52 1 , .690**00 i .500c.00 9 
,1304*01 75?a-52 7 744.-03 

3454-03 7 .0000*00 1 . 0 5 1 . 01 8 
744.-03 
3454-03 

7 ,500**00 1 .093*-Ol 8 .672.-03 
a . 000x00 .0954-01 8 . 6 9 3 . 0 3 s .5004*00 .OSS*-0t 8 .397«-0S 9 .D00a*00 9 .827.-02 7 .799.-03 
» .5004*00 8 .7454-02 1 .9404-03 1 .000**01 7 .414.-02 1 .854.-03 1 .0504*01 5 .93Sa-02 4 .713.-03 1 .100..01 4 .438.-02 3 .5224-03 i .15Da*01 3 . 0 3 8 . 0 2 ? .4114-03 1 .2004*01 1 .851.-02 ? .4694-03 1 .7504*01 9 .5&B.-03 7 .594.-04 1 ,300a*0l 3 .S99a-03 3 .0944-04 1 550a.OI 1 .1994-03 9 .5184-05 1 .4004*01 5 .3384-04 4 .2344-05 
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laboratory bombardment anargy • S.Omev target masa • 27. 
compound nucleus M S S » 28.0 compound nucleus formation q valua » 

compound nuclaus atonic number « IS masa nun> 2ft 
total reaction cross saction • 1184.9 

•xcitation energy of compound nuclaus • 15.4mev J- 0 
reaction cross section 1184.9 

<>ev> S.DOOe-01 1 .000e»oo 1.SOOetOO 2.000e'00 2.500e«00 S.OOOotOD 3.500e<00 4.000o»00 4.500e*0O 

OOOeiOO 500e*00 OOOetDO 5000-100 OOOe4 00 S00e*00 000O4 00 500O400 
oooa*oi 
050..01 1000401 150e<01 200e+01 2S0e«01 IQ0e«O1 350e*01 400e*0l 450e*0l 5D0O401 

crass section (mb/nev) (mb/sr.mev) *.147e*D3 9.1030*01 .464e«02 5.?24e»01 

»02 2.5* Ie*01 2.7030102 2.145e«01 2.242e»02 I.7«0e»01 1.8360*02 1.4570*01 1,466e*02 1.163e*01 1.114et 02 8.&44etQ0 . .742X01 4.462e*01 1.5180401 3.6240-02 S.772O-02 3.S05O-02 3.719e-02 3.515O-0Z 3.ZOJe-02 2.8070-02 2.3480-02 1.8610-02 1 .3810-02 9.4J0O-03 S.799O-0S ".1360-03 .51SO-03 

145e*00 542e*00 2050*00 8760-03 994O-03 020e-03 9520-03 7900-03 544O-0J 228O-03 864O-03 .4770-03 .0960-03 ,484e-04 .6020-04 .4890-04 2050-04 
8.3420-04 6.621O-05 7.8830-04 6.2570-05 

• •23-



laboratory bo*barda«nt anaroy • 9.0aav taraat M M • Z7.0 
compound nuclaus aaas • ZB. 0 coapound nuclaua formation a. valua • 

compound nocloua atoalc niiabar • IS aasa nua> zfl 
total raactlon cron section » I14B.2 

axcltatlon anargy of compound nuelaus • l».4aav j> 0 
raaetlon croaa aaetlon 11*1.2 

5.000*-01 1.aooa*oo 1.soo**og 2.0oo»*oo 2.50D*»oo s.ooo**oo 3.500**00 4.0000*00 4.500**00 s.ooo*«oo 5.500**00 4.ooo**oo 0.500**00 7.000**00 7.500**00 
s.ooo**oo 
S.500**00 9.000**00 9.500**00 1.000**01 1.050**01 1.100a*01 1.150a*oi 
1.200**01 
1.250**0) 
1.300**01 1.350**01 
i.4ooa»ai 
I,450**01 1.500**01 I .550*»0I 1 £00**01 

cross s*ctton <Mb/aav> (mb/ar.a*v> 1.135.*03 9.008*.01 7.403**02 i.375**01 S.594**oi J.4J9a*01 4.558**02 3<17a*0l 554**02 3.058**01 04**02 Z.422**01 832.*02 Z.Z<>S*40I 408**02 1.911**01 023a*02 1 40<«*01 

I 
3 
Z 
2 
2 
1 . . . 1 .36 OB8**0Z 225**01 681**01 

.311**01 0B<**0l £33**00 528**00 509**00 578**00 528.-01 
1 428.-02 1.292*-03 " '53a-02 1.}12*-03 33.-02 1 .Z9( * -0 I - "* " .245*-03 I*!! UOa-03 . .045a-03 9.072*-04 
9.513a-03 7.550*-04 7.537a-0S 5.9S1*-04 5.S36*-03 4.473.-04 3.946a-03 3 .132*04 2.5B5*-03 Z,0Sl*-04 1 634.-03 1.299.-04 1 .130*03 8.970*-05 1.027a-0$ 8.1JO.-05 1.217.-03 9.45B.-05 
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l a b o r a t o r y bontbardnant anargy > lO.Oaiav t a r g a t Mass • 2 7 . 0 
compound n u c l a u s nass * 2 8 - 0 coapound n u c l a u s f o m a t i o n q v a l u a • 

compound n u c l a u s a t o m i c numbar * I S M S A num* 28 
t o t a l r a a c t i o n c r o s s s a c t t o n > 1 1 4 3 . 5 

a x c i t a t i o n anaroy o f compound n u c l a u a • 17.4mav J> 0 
r a a c t i o n c r o s s s a c t i o n 1 1 4 3 . 5 

(may) 
5 . 0 0 0 . - 0 1 
1 .DOOa-toO 
1 . 5 0 0 a * 0 0 2.oooa*oo 
2 . 5 0 0 a * 0 0 
3 . 0 0 0 * * 0 0 
3 . 5 0 0 * * 0 0 
4 . 0 D P * * 0 0 
4 . 5 0 0 * 4 0 0 
5 . 0 0 0 * * 0 0 
3 . 5 0 0 a * 0 0 
6 . 0 0 0 * * 0 0 
6.500**00 
7.000«*00 
~ 500**00 

000**00 
500**00 
000**00 
500**00 

1 . 0 0 0 * 4 0 1 
.0500*01 
. 1 0 0 * * 0 1 
. I S O . t O l 
. 2 0 0 * * 0 1 

" . 2 5 0 * * 0 1 
.JOOetOI 
. 3 5 0 * * 0 1 
. 4 0 0 * * 0 1 

" . 4 5 0 * * 0 1 
. 5 0 0 * * 0 1 
. 5 5 0 * * 0 1 
. ( 0 0 9 * 0 1 
. 6 5 0 0 * 0 1 
.700a«Dl 

c r o s s l 
<mb/m*v> 
1 . 0 6 4 4 * 0 3 
< . 9 7 3 a * 0 2 
5 . 2 8 0 a * 0 2 
4 . 3 0 8 a * 0 2 
3.C41*j4 02 
3 . 1 S 1 * * 0 2 
2 . 7 1 5 * * 0 2 
2 . 3 4 9 * * 0 2 
2 . 0 1 5 * * 0 2 
1 . 7 0 4 * * 0 2 
1 . 4 1 8 a * 0 2 
1 . 1 5 9 a * 0 2 
9 . 2 6 1 * * 0 1 
7 . 1 5 6 * * 0 1 
5 . 1 4 5 a * 0 1 
3 . 2 1 2 * * 0 1 
1 .4 3 8 . * 0 1 
1 . 1 5 5 . 0 1 
1 . 1 7 9 4 - 0 1 
1 . 1 7 5 0 - 0 1 
1 . 1 4 2 4 - 0 1 
1 . 0 8 1 * - 0 1 
9 . 9 4 6 . 0 2 
J . 8 6 1 . - 0 2 
7 . 6 0 9 4 - 0 2 
. . 2 5 8 4 - 0 2 
4 . 8 8 5 4 - 0 2 
3 . 5 7 3 4 - 0 2 
Z . 4 0 4 4 - 0 2 
1 . 4 5 0 4 - 0 2 
7 . 6 1 9 4 - 0 3 
3 . 5 2 4 4 - 0 3 
' . 8 7 8 . - 0 3 

a c t i o n 
( n b / s r . mav) 
8 . 4 4 5 . * 0 1 
? . S 3 4 a * 0 1 

1 9 1 . » 0 1 
3 . 4 1 9 . + 0 1 
2 . 8 9 0 4 * 0 1 
2 . 4 8 6 * * 0 1 
2 . 1 5 5 * * 0 1 
1 , 
1 . 
1 . 
9, 
7 . 3 5 D * * u D 
5 . 6 8 0 * * 0 0 
4.083**00 

3 5 3 * * 0 1 
1 2 6 * « 0 1 
1 9 9 * * 0 0 

1 l B 4 4 a - 0 3 

1 . 1 4 2 * * 0 0 
9 . 1 6 7 0 0J 
9 . 3 5 6 4 - 0 3 
9 . 3 2 4 . - Q J 
2 . 0 6 3 4 - 0 3 

. 5 8 1 4 - 0 3 
7 . 8 9 4 4 - 0 3 
7 . 0 3 3 4 - 0 3 
6 . 0 3 9 4 - 0 3 
4 . 9 6 7 4 - 0 3 
3 . 8 7 7 4 - 0 3 
2 . 8 3 5 4 - 0 3 
1 . 9 0 8 4 - 0 3 
1 . 1 5 1 a - 0 3 
6 . 0 4 7 a - 0 4 
2 . 7 9 7 4 - 0 4 
1 . 4 9 0 4 - 0 4 
1 . 4 6 3 4 - 0 4 
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laboratory bonbardnant anargv • ll.Omav tarpat Mass • 27.0 
compound nuclaus mass • ZR. 0 compouWd nuclaus fat~aatlon q valua • 

compound nuolaus atonic nunbsr • 13 M U nun" Z8 
total raaction crosa aaction • 11)2.a 

axcltation anarffy of conpound nuclaus • 1B,3mav J« 0 
raaction cross saction 1112.6 

a oemna inav) 5.000a-01 1.000..00 LSOOatOO 2.000a*00 2.500.400 5.000.400 3.500.400 a.oOOatoO 500.400 0O0a«D0 SOOatOO 000(400 500a400 OOOatOQ 500at00 OOOatoo SOOatOO 
ooaatoo S00a<00 i.OOOatOl 1.050.401 1.100.4 01 1 .150.401 

1.2000*01 1.250.*01 1.3000401 1.350.401 1.400.401 1.450.401 1.50 Oat 01 1.550.401 1.6000401 
I osoatoi 1.7O0a4Ol 1.750.401 
1 aooatoi 

cross soction [nb/navl [aib/sr.navl 5.067.402 7 .19 ' . *01 5.779.402 4.584.401 4.357.402 3.458.401 3.560.402 Z.B25.401 3.0044402 2.3B4B401 2.571a»02 2-041at01 2.214.4 02 1.757.401 1.909.402 1.515.401 1.441.402 1.302.401 1.J96.4D2 1.108.401 1.166.402 9.252.400 9.489.401 7.531.400 7.4*94401 5.927.400 5.826a>01 4 * 2 4 . 4 0 0 4.246.401 3.370.4 00 2.72lat01 2.159.400 1.274.401 1.011.400 5.544.-02 4 4 0 0 . 0 3 5.809.-02 4.610.-0S 5.963.-02 4.733.-03 S.996.-02 4 . 7 5 9 . 0 3 5.902.-02 4.684.-03 5.679.-02 4 . 5 0 7 . 0 3 5.333.-02 4.233.-03 4.874.-02 3.870.-03 4 .32 i . - 02 3 . 4 3 4 . 0 3 3.708.-02 2.943.-03 
3 051.-02 Z.421.-03 Z.390.-02 1 .897 .03 1.765.-02 1.400.-03 1.212.-02 9.620.-04 7.676.-05 6.09Z.-04 
4 563.-03 3.621.-04 2 . 8 7 2 . 0 3 2.280.-04 2.465.-03 1.9560-04 2 952.-03 2.343.-04 



L a b o r a t o r y bombardmant a n a r a y • i z . a m a v t a r g a t mass • 2 7 , 0 
compound n u c l a u s mass • 2 8 . 0 compound nuc loua f o r m a t i o n q v a l u a • 

compound n u c l a u s a tomic numbar * 13 mass num» Z8 
t o t a l r a a c t i o n c r o s s s a c t i o n * 1 0 8 0 . 6 

e x c i t a t i o n a n a r g y o f compound n u c l a u s • 19.3mav J» 0 
r o a c t i o n c r o s s s a e t l a n 1 0 8 0 . a 

tmov) g.oooa-oi 
1.OOOa+QO 
1 . 5 0 0 . + 0 0 
2 . 0 0 0 0 * 0 0 Z.500..00 3.0000*00 3.500O+00 4.000e+00 4.5000*00 5.000..00 5.500O+00 
«.oooe*oo 
6 . 5 0 0 e * 0 0 
7 . 0 0 0 0 * 0 0 
7 . 5 0 0 . 1 0 0 
8 . 0 0 0 a * 0 0 
S.SO0e*OO 
9 . 0 0 0 0 * 0 0 
9 .500O+0I I 
1.OOOo+O 
1 , 0 5 0 o * 0 
1 . 1 0 0 0 * 0 
1 . 1 5 0 e « 0 
1 . 2 0 0 0 * 0 
1 . 2 5 0 . + 0 
1 . 3 0 0 e * 0 
1 , 3 5 0 e * o 
1 . 4 0 0 0 * 0 
1 . 4 5 0 a * O 
1 . 5 0 0 0 * 0 
1 . 5 5 0 a * 0 
1 . 6 0 0 0 + 0 1 
1 . 4 5 0 0 . 0 1 
1 . 7 0 0 0 * 0 1 
1 .7500+01 
1 , 8 0 0 o * 0 1 
1 85DO401 
1 . 9 0 0 0 * 0 1 

c r o s s a a c t i o n 
tmb/mav) (m b /s r .mov ) 
8 . 5 6 6 * * 0 2 6 . 7 9 9 0 * 0 1 
S . 0 6 2 « * 0 2 4 .017O+01 
3 . 6 « 6 a * 0 2 Z . " - - "-

II,:!£i! 
1 . I 3 9 a + 0 Z 
9 . 4 B 5 e * 0 1 
7 . 7 0 8 e » 0 1 
6 . 0 2 9 . « 0 1 

0720+01 0430*00 
528O+00 

- . 1 1 7 0 * 0 0 4.7 850*00 
7 3 2 0 * 0 1 3 . 7 5 6 0 * 0 0 
469s*01 Z . 7 5 3 . * 0 0 -- 1.7730*00 8 — -Z.Z34o*01 1.0500*01 2.907.-02 3.111.-02 .Z71O-0Z .378.-02 .4260-02 .411o-02 .3320-02 .189.-02 .9850-02 

3330-01 307.-03 4690-03 596.-03 6B1O-03 719O-03 7070-03 645O-03 S31.-03 U9.-03 
7260-02 2.164O-03 
422O-02 1.922.-03 0B5O-02 1.655.-03 __. -- , —- -

1 1 .7311-02 1.3780-02 1.0470-02 7.5900-03 5.358.-03 9420-03 430.-03 7730-03 

374.-03 094.-03 307.-04 0Z4O-04 2520-04 129.-04 722.-04 993.-04 
4.757a-03 3.775.-04 



laboratory bombardment energy • 1 4.0m*v t * r g * t mass • Z7 . 
compound nucleus mass - 28.0 compound nucleus formation q va lu* • 

compound nucleus atomic number • 13 mass num- Z8 
to ta l reaction cross section « 1028.7 

•xc l te t lon energy of compound nuclaus • Zl.Zmev J» 0 
reectlon cross smction 10Z8.7 

(IMVl 5 .000 . -01 
1.oooatDft 
1.500**00 
2 O00.«0O 
Z.500*»00 
3.000**00 
3.500**00 
4 . 0 0 0 X 0 0 
4.500**00 
5.000**00 5.soo**oo 8.000**00 * .500**00 7.000**00 7,500**00 8.000**00 8.500**00 9.000**00 9 .500**00 1.000**01 1.050**01 1.100e*01 1,150**01 1.Z00**01 1.Z5De*01 1.300*»01 1.350**01 1.400**01 1.450**01 1.500**01 1.550**01 1.<00**01 1.650**01 1.700**01 1.750**01 1.800**01 1.850**01 1.900**01 1.950**01 Z.000**01 2.050**01 

c r o s s s a c t l o n 
cmb/m«v) (mb/sr.in*v) 
8.J*1*»&2 ».«S8«»01 

2.340**02 1.857**01 1.S*3**0Z 1.478**01 I .5*0**02 1.Z38**01 1.334**02 1 "-Hii.e? |:?ll::8l m m 1*3**01 4.097*»0O 
912**01 3.105**00 --* -• 2.413**00 

1.798**00 1.185**00 
04 ?::?] 

.495e<01 .192**00 .962*-02 904.-C2 . 0 7 8 * 0 1 .157*-01 .225*-01 .Z79*-01 
-01 
-01 
-01 

I.4Z4*-01 1.2861-01 1 2Z8.-01 1.150*-01 1,054*-01 9.405*-0Z S.143*-02 4.795*-02 5.4IZ*-0Z 4.075*-0Z Z.870C-0Z 1 S94*-02 ",ZS0*-0Z .104*-03 

708«-01 112*-03 8«0*-03 558*-03 184.-03 722*-03 015.-02 

1 .04 5*-02 1.051.-02 l.OZIs-OZ 9.74S*-03 
? .128a-0I .361.-0S 7 464.-03 t.463«-0S 5.391.-03 4.Z95*-03 3 .234*03 Z.Z78*-0S 1 .503*03 9.745*-04 
7.ZZ5*-04 

S .666*-03 6 .878a-04 
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laboratory bofflbardmant anargy • 16.0mav targat mass • 27. 
compound nuclaus mass > 28,0 compound nuclous formation q voluo • 

compound nuclaus atomic numbar • IS mass num« 2S 
total reaction cross sactlon • 99a.5 

axcttation anorgy of compound nuclaus • 23.2mav J> 0 
raactlon cross sactlon 998.5 

a gamma 
imev) s.aooft-oi 1.000o*00 1 .5000*00 2.0000*00 Z.500o*QQ 3.000o»00 3.5D0o*00 4.0OOa*00 4.500a+00 

5.oooa»oo 
5.500o*00 6.0008*00 «.S00a*00 7.000o*0D 7.5000*00 8.000o*0D B.5O0a*0D 9.000a*0 9.500«*0 1 .OOQO+0 1.OSOatO 1.100at0 1 ,150o*0 I.200«*0 1.ZSCatD 1.500o»0 1.350etO 1,4OOe*0 I.4S0o*0 
i.saoato' 
I.550a«0 1.600O.0 1.650a<0 1 .700.(0 1.750e*0 1.SOOatO 1 .850a*0 1.900a«0 1,950.»0 Z.000a«0 2.0SOa<0 2.1u0a*0 Z.150o*0 2.2000*0 2.25Go»01 

cros: (mb/mav 8.232a* 4.740a* S.018o« 
2.126o«l 1,610a*' 
1 .272a*l 1.037.4 8.610a* 
7 , 1 7 6 « * 
5.933a* 4.798.* 
3.728B-H 
2.72la*i 1 98 5a* 1 482a* 9.829«* 4.761a* 3.236a-
3.661a-4,088c-
4.509a-
4.918a-
5 . 3 0 6 a -
5.667a-5.992a-
4.2740-
6 . 5 0 6 a -
4 . 6 B 1 0 -6.792a-
6.83ZO-
6.7960-6.678a 6.472a-6 .173. -
5.777a-
5.282a-4.691a-
4.017a-3 . 2 9 1 . -2.567a 
1.921a 1.435a 1 .121 a 9.495a 
8.477a 

saction (mb/sr.mav) 
1)2 C. 533a* 01 02 3.762o»01 02 2.395.»01 
— " 688o*01 

Z?8o*01 009«*01 2290*00 833e«00 *95e+00 
709e*00 808o«00 
9S9o<00 
U0a«00 575a*00 17«O*00 SOlo-01 7790-01 
56 90-03 9050-03 2440-03 5790-03 
9030-0 3 
2110-03 497O-03 
755S-03 979a-03 163O-03 302a-0J 
390B-03 02 S.422.-03 

02 5.394a-03 300.-05 136.-03 8990-03 5850-03 
723O-03 .1880-03 OZ 2.612.-03 OZ 2.037.-03 02 1.526.-03 OZ 1.137.-03 02 8.8990-04 03 7.5360-04 03 6.728.-04 
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laboratory bombardmant anaroy « Ift.Omov targat mass • 27.0 
compound nucleus mass > 28.0 compound nuciaus formation q valua • 7.7 

compound nuciaus atomic nunbar • 13 mams num. 28 
total raactlon cross ssctlon • 979.4 

•xcitatlon anargy of compound nuciaus * 25.1m*v im o 
raactlon cross sactlon 979.4 

_*v> 5.000.-01 
i.oooa*oo 
1.500..00 2.000**00 2.500.400 
l.ooo.too 
3.500*400 4.000a*00 4.500**00 
5.ooo**o0 
5.500**00 
(,000a*00 6.500.400 7.000**00 7.500**00 8.000.400 5.500.tOO 9.000**00 1.000.401 1.050.401 1.100**01 1.150.401 1.200.401 1.250.401 1.300.401 1.350a>01 1.400*401 1.450.401 1.500*401 1.550*401 1.600.401 1 .6 50.4 01 1.700*401 1.750*401 1 .800*401 1.950*401 1.900*401 1.950*401 2.000*401 2.050**01 2.100*401 2.150**01 2.200.401 2.250.401 2.300*401 2.550*401 2.400.401 2.450»«01 

'm*vi tmp'sr.i 91**02 c.*60**i it'*ii }.9.27m* 55.4 0? £.513** 17**02 1.Off** 

cross s*ctlon Cmb'movl (mb/sr.n«vl «.391**02 £.*60**01 4.|4|**0J } 927*401 
»:2«7« 

,«5m 

-- , 
7. 
6 
4. 
z'. 

256.40? 
724**01 
634.401 

4.J15 
5.732**01 
2.788*401 

2.505**01 
1 »15*401 
1.321**01 
~.9J2**00 

.717*400 

.059*400 

S I 8**00 
20**00 

1.558**00 

6.777.4DD 5 .379*01 

f:ilts:lt *-«IH-« 
]:t»::!i 

. 0 5 7 . 0 2 1.633.-03 
| | | < ; - S 2 15?1«-SS 

\m 2.05',- — 
1.506.-02 
1.115*-0-
8. 615.-5 
7.029*-0_ 
<.005a-03 4.766* 
S.ZIUrM 5U1M» 

_ 8 . 8 5 0 * 0 4 
3 ».«J7m-04 
5 5.579*. si 
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laboratory boabardaant anargy • ZO.Oaav target MSa • 27 .0 
compound nucleus H S S « 28. 0 coapound nuclaua formation q valua • 

coapound nuclaus atoaie nuabar • 13 ataaa nua> ZA 
tota l raactlon cross tact ion » 956. i 

axcltat lon anargy of compound nuclaua • 27.0aev J» D 
raaction cross saction 95*.1 

a gamma (mavt 5.000.-01 1.000a.00 1.500..00 
2.000a.00 
2 . 5 0 0 . . 0 0 3.oooa.oo S.500..00 4.000a.00 4,500a.00 S.OOOa.OO 5.500.400 
6.000. .00 
6.500. .00 
7.000a.00 
7.500a«00 
a.ooo.too 
a.5ooa*oo 
9.000a.OO 9. 500.-(00 t .OOOa.OI 1 .050. .01 1 . lOOa.01 1 . 150e.01 1 .Z0O..01 1.250.>01 I.300.<01 1.3500.01 1.400..01 1.450.*01 1.5000.01 1.S50..01 1.600a.01 1.6508.01 1.700a.01 1 .7500.01 1.800a*01 1.850.101 1.900a*01 1.9S0..01 2.OOOa.OI 2.050. .01 2.100. .01 2.150. .01 2.200a.01 2.250a.01 2.300..01 
2 550..01 
2.100a.01 
2.'150a. 01 
z.sooa.oi 
2.550a.01 2.600..01 2.650a.01 

cross saction (mb/mav) (inb/sr .*. .*) "" """ "" *.739a*01 
2! 
?: 
i . 
s . t. 

_ 491a.02 S.1S4a.02 3.497a.02 2.535a.02 1.896..02 1.436a.02 1.092a.02 «.340a.01 6.37Sa.01 4.«J»a.01 3.fi46a.01 
2.«59a.0l 1 .S2. . .01 1,231a.01 8.552a.00 5 359..00 2.569. .00 1.052.-01 6. 

090a.01 775a.01 012..01 504e*01 140a.01 •69a*00 619..00 f.062.»00 .B4O..0O 2.894a+00 2.110«»00 1.449a.00 9.767.-01 «.7«8a-D1 4.253.-01 2.0S9S-01 » 348.-03 770.-03 
916.-02 4.695.-03 
713a-02 606.-02 5 5 1 . 0 2 . 544.-02 1.05B.-01 1 167a-01 1.280.-01 1.398.-01 1.519.-01 1.646.-01 1 776. -0 I 1 910.-01 2.046.-01 2.184.-01 2.31S.-01 2.442.-01 ~ 5 4 3 . 0 1 599.-01 57»a-01 4 4 8 . 0 1 
ISIa-01 
792a-0l 
345a-01 

i 

6.7B6.-0S 7,57 5.-03 0.400a-01 9.262.-03 1.016.-02 1.109.-02 1.206.-0Z 1.306.-02 1.409.-02 1.516.-02 1.624.-02 1.TSja-02 1 .840.-02 1.935.-02 2.016.-02 2.063.-02 2.047a-0? 1.943.-02 1.731.-02 1.422.-02 ' - - , * • - 02 1 .06* 273a-02 7.J60.-0 960.-02 " " - " J:l! ?1 - D . a-Oi 
17»a-02 1 7Z9i -0 l 
""" "" 1,040a-03 

».ft>om-ua 2.989«-<M 
J.376«-03 2.&79*-<M 


