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Note* 

The main part of this document is a compilation of 14 MeV (n,2n) cross-

sections prepared "by Z.T. B6*dy (Debrecen, Hungary) as a supplement to 

his thesis. This compilation, which had its closing date end of January 

1972, formed the basis for an evaluation of recommended values of 

(n,2n) cross-sections at 14*7 MeV published by Z.T. Body and J.Csikai 

in Atomic Energy Review, vol.11, no.l, March 1973. For convenience 

a preprint of this evaluation is appended at the end of this document 

on pages 109 to 125. On page 126 a summary of the thesis by Z.T. B$dy 

is given. 
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E X P L A N A T I O N S F O R T H E T A B L E S 
The columns of the tables contain the fol-

lowing items s 
1* reference number /"Refo"/» 
2» neutron energy in Me? /"Energy/MeV/"/, 
3* /nt2n/ cross section in mb /"Cross Sec/mb/"/, 
4® an identifying symbol of the particular measurement com-

posed from the name of the /first — if there are more/ 
author and the last two figures of the date /"Identif*"/» 

5* comments containing different available informations oh 
the measurements and cross sections given* Usually these 
are: a/ indication whether absolute or relative measure-

ment was done, in the latter case the reference 
cross section was presented, for instances " to 
Cu65/n,2n/54o mb 

b/ giving the typea of the detected radiations and 
branching ratios if they were available, 

c/ presentation occasionally informations on the 
cross section error* 

All the cross sections were measured by 
activation methods unless otherwise stated /by writing the 
word "nonactivation!" in the comment/. Every element is on 
separate pages? generally the results of the measurements are 
in chronological order with some exfcra spaces reserved for 
possible future data* The results are given in the original 
form, no critical comments are attached to them* However, in 
seme cases if it was suspeeted that a datum misprinted or 
that two apparently different results are essentially the same 
/e*g* one is the revised form of the other/ then this opinion 
is stated in the comment in a hypothetical way* After listing 
the cross section s arbitrarily normalized excitation functions 
are also given with a mark of exclamation /beside the word 
"arbitrarily normalised" /» Also an exclamation mark calls 

the attention /after the cross section value/ to other irregu-
larities /e*g* the cross section contains some contributions 
from other processes/, so in such a case it is advisable to 
read the comment* The excitation functions are always given 
for the 14-15 MeV energy rang© i sometimes data outside this 
interval are also given or it is noted that more points exist 
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for other energies* If the results were stored in non-digital 
£om /e.»g«. graph / in the reference then a remark "taken from 
curve? is written in the comment* f o r abbreviating the reac-
tion m often the symbol was used* f o r example, . 

measa the reaction? another way which 
is used to express this:" for the lo d ITb̂ '̂ 5

 % here also the 
half-life of the state is given for the sake of defiuiteness® 
Besides original papers also the compilations [5] »[8] > and (9] were 
used; if a datum was taken neither frm a compilation nor from 
the original article generally the remark »qaoted in" or "cited 
in" was written in the comments 

The most frequent abbreviations are the fol** 
lowings 
aba • ̂ absolute 
accord* or acc«^according 
act .^activity 
agre emt#=agreement 
anaih® or ann®=annihilation 
auths« ™authors 
ass oc•^associated 
branch* or br*^branching 
calibr«=calibration 
coinc»~coincidence 
c omra • ̂comment s 
com« or. comm.rcommtinication 
compil,* ssc ompil at ion 
cont • sscont ains 
countd* or cntd»=counted 
dec•=decay 
det« ̂detected 

!=de'viat ion 
dis intfsdisintegration 
elern* ̂element 
energ • =energi.es 
errV or e.terror prenormalized 
eat. or est im • =est imat ed re f ̂ reference 
exp • ̂.experiment al sandw»=sandwich 
B«0.»^electron capture scint.^scintillator 

fig*=figure 
fnd.sr/was/found 
£o=fram 
ICC ̂ internal conversion 

coefficient 
iategr«^integral 
identif•^identifying symbol 
irrad«-irradiation 
max* m a x i m u m 
measd. or msd«=aaeasured 
measmts.or me asm ® as ar ement S 
me th* ̂method 
multipl•^multiplication 
nat.»=natural 
neutr • =neutron 
obad * :=ab3 erved '' 
priv*=privat v 
probo ̂probable • 
rad» or r«=radiation 
rate or r*^ratio 
renormd. or renormlzd»E 
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sect® or sec«ssaectio» 
sngl ingle 
spectro=spectrum. or spectra 
at and • or st.sstandard 

si # =81 ate 
stat »ot st atist.» *statistical 
syst ̂ systematic 
tot«=total 

The collection of data was concluded at the 
end of Jeruiarys 1972 # However® those materials which appeared in 
the last months or published in reports may be hissing* 

Thanks are due to A* Bem6ny who helped ate in 
data collection in, the first period of this work which results 
appeared im|l28]® 
Two technical remarks s The references £72], [;?3]and [75j erroneously 
got into the list of literature, these contain no /n,2n/ cross 
section data® The tables have not been paginated in order to make 
easy to complete them if necessary; atomic and mass numbers as 
as well as identifying sj?mbols can equlvalently substitute the 
page numbers. 
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Nitrogen 
14 

N 
7 

Ref. Energy/&£eY/ Cross Sect,/ rmb/ Identif. Comments 

[11] [9] 14,5^0,35 5,67-0,85 Paul 53 abs«;stand.dev.;stat.e» 
only 

L27] 14 3,4&,o Dudley54 abs,;hemisphere target 

W 14 8,5 Raybum58 to Cu^/n,2n/5oo mb 

[28] 14,1 19«lo Ashby58 abs.;natural target/9o0/ 

[26] [9 13*77jo,2o 5,18jo,6 , 
14,74jo,27 8,69?o,9 Ferguson6o to Li°/h,t/28,l mb 
15,78-0,32 9,25^1,0 total error 

14,1 4 t 1,2 Brill*61 taken from curve;estim. 
total error 

H 14,4±o,3 7,41^0,59 Rayburn6l to Gu^Vn,2n/5o3 mb;tot. 
err.stand* dev »/9o / 

[5] 14,2 8,7-0,7 Bormann6l taken from curve 

M 14,13±0,1 + , 5,4*»o,46 Cevolani62 abs.;tot. exp. err. 

[71] 14,1 7,19-2,25 Golchert65 
n 4. , «• precision £ 1,69 mb 

[29] 14,8^0,1 8,38to,17 Grimeland65 abs.;stand.dev.stat, 
err.only,syst.err. seems 
to be negligible 

[7] 
,1 

14,6~o,l 8 « 1 Csikai65 to Cu6Vn,2n/ 54o mb 

[13] 13,2jo,2 
14,0*0,3 
14,lJo,3 
15,2?o,3 

3,3^0,4 
6,OtO,3 
6,3!t0,4 
8,7-0,7 

Bormann65 abs#; natural target 

112] 14,7^0,1 6,1^0,2 Pasquarelli67 abs.;syst o,12 and 
stat err, o,15 mb 
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Hef. Energy/MeY/ Cross Sect./m"b/ Identif. Comme&ts 

111] 14,5+0,35 60,6+18,2 Paul 53 abs«; stand* dev.stat*e«onJLy* 

[8] [9] 14 51,3 Hayburn58 to Cu6Vn,2n/ 5oomb 

[28] 14,1 62 + 9 Ash"by58 abs•; nonactivation! 
tot#e«stand.dev», 

13,6 
14,15 
14,7 
14,95 
15*3 

46 t 5 57 + 5 
08 J 7 
75 ± 7 
83 + 8 

MoCrary6l taken from eurv$ 

• * * 

[8] [5] 14,1 73 Brill61 taken from curve 

[25] 14,4±o,3 51»9i3*84 Hayburn6l to 5o3mb+7, 
tot*e•stan&Vdev«/9o0/ 

[14] 14,13+0,1 38,9+2,3 Cevolani62 abs,;tot.exp.e. 

[13] 13,2±o,2 25*7^2,2 
14,lto,3 41,2+2,2 Bormann65 abs»| 
15.2+0,3 6o,2+5,2 

[18] 13,8 49,5*7 
14,18 56,ot7,o Picard65 stat, error only 
15,3 67,0+6,0 

[47] 14,2+o,2 42,6+3,8 Nagel65 to 7e^/a,p/lX8$8 ©ad 
* 2n/92o^8omb 

[12] 14,7+o,l 41+1,5 Pasquarelli67 aba,;from the l,58yst«e« is 
0,8 and statVe*ls l,omb 

W 13.5oJo.47 30,5+5,7 to U^5/n,fA95°nl*t lJ,28HeT( 
X4.96±O,87 60,8+6,0 Menlove67 I||oSvS 1 5 ® 
15»82+o,45 71,4+7,o stand*dev.tot,error 

[?] ^ ,7+0,3 53+4 Csikai68 to Cu63/n,2n/ 54omb 



14 

fief. Energy/MeV/ 

Fluorine 
9 

Cross.Sect./mb/ Identif. 

— - r 

Comments 

14,o 33,5*1,5 
to Al27/n,JL/ 111,5+2 mb 14,1 34,6+1,5 to Al27/n,JL/ 111,5+2 mb 

14,2 36,6+1,5 at l4,7MeV tot.error 
14,3 38,iii, 5 Vonach68 -

14,4 39,7^2,0 
14,5 41,3+2,0 
14,6 42,8+2,0 
14,7 44,4+2,0 

I54j 13,54 
14,1 
14,56 
14,7 
14,81 

43,6+2,1 
55,8+2,7 
65,9+3,2 
67,1+3,3 
68,4+3,3 

Shiokawa68 

to Gu6Vn,2n/ of Glover62j 
for Cu^2 0,9782 "branchln£ 
was taken 



Sodium 

xiIa23 

Ref. Energy/i5eV/ Cross Sect,/mb/ Identif • Comments 

N 14,1-0,2 13,78-1,1 Prestwood55 abs.;stat«e.only,standqrd 
dev. /9o / 

p] 14,9 38 t 23 Picard63 taken from curve 

[19] 13*79-0,23 14,2*1,4 
14,o5»o,25 28,o-2,l absthe total e.is about 
14,42-0,26 44,0*3*1 Li ski 0x165 6*7$ from which about lf> 
14,71-0,27 65,8^4,6 is stat»error 
15,09-0,26 84,8^5,9 

[I8j 14,89 38,5-23 Picard65 stat.error only 

U ] 13,50^0,47 
14,96«o,87 
15,82«o,45 

12,o&Lo,o 
41,1^6,4 
5o,6-13,2 

Menlove67 
to U235/n*f/ 195o mb at 
13,28MeY; 225o at 14,96; 
233o at 15,82 Me¥. 
stand•dev.tot.error 
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Phosphorus 

is*31 

Ref. EnergyA^eV/ Cross Sect,/mb/ Identif. Comments 

|8j [9] 14 11,9 Rayhurn58 to Cu6Vn,2n/ - 5oomh 

[26]H 14,74^0,27 8,7«2,7 Ferguson6o to Li6/h,t/ He4 28,lmb 

[25] 14,4~o,3 lo,9to,85 Rayburn6l to Cu^/n,2n/ 5o3mb±7,3$ 
tot. e .stand.dev./9o / 

« « • * 

[5] [9] 14,8*0,4 8,9ll»2 Kant el e62 to Cub^/n,2n/ $o7±4*pu> 

tct a«»prol? ft e * 

[14] 14,13+0,1 5Ato,45 Cevolani62 abs.;tot. exp. error 

[5] [8] 14,1 12,4+1,6 3ormann63 to Cu6^/n,2n/ 478+38mb 
[5] 14,1 25 t 5 Carles63 to Cu6^/n,2n/ 5o3t35*ab 

taken from curve 

[52] 14,8+o,l 8,5+1,2 Grimeland64 abs.; / 
,087+0,006 and T^/iifcL/ 

-9§+L2iah was usedjannihil, 
meaid.;red phosp. used; for 
la22 89^ ft* assumed 

(29! 14,8+o,l 11,2+0,4 Grimeland65 abs.;stand«dev.;stat,e.only L J ,, , * but syst.e.seems to be neg-
J.J., /-oo ligible; * by other^method^ 

|37] 14,8 1 1 + 3 Prasad66 to Pe^6/n,P/l26mb /9o°/tot.eV 

[2o] 14,8+o,l 16,0+1,6 MItra 67 to Cu6Vn,2n/ 53o+25mb at 
14,8+o,lMeV 

[12] 14,7to,l 8,4±o,3 Pasquarelli67 abs.;from the o,3 syst.e. 
is o,2 and stat.e. is o,l mb 
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Chlorine 

|35 

Ret,- Energy/teeV/ Cross Sect./nib/ Identify Comments 

for the J2 m Cl^4m 

111] 14*5$ o,35 3*47*1*56 Paul53 abs^; standi d 
stat^ erx% only 

14,8*o,8 5,'6±2 Scalon58 to Cto&/W2o/556ia)£28nib 
at l4*lio;l5MeV 

M M 14 5,3*0,4 Eaybum59 to Cu6^/n;2n/5oomh. 
no syst * error included 

[25] 14,4*0,3 5*42+0,41 Raybura&L to /on* 

14,8+0,5 12+X#8 

[3^ [78] 14,8 

Ehurana6l to 

Prasad66 to Fe^6/apA26m"b; tottfe. 

112] 14,7*0,1 7 to,2 

[32] 15 $ 0,3 

Pasquarelli67 absjerr^ontalns o*15 
syst^o^l mb 

Pet668 to Pr1^i/nt 2n/2o5o|feLoo 
and Cuo;7b^^v56oi3o m"b 

for the 1,5 s (JL^4g 

[5j[8]|3f 14,8+0,8 2,8+0,5 Scalon58 see above at crtt 

15to»3 l#7$of3 Pet668 see above at cP 
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Potassium 

X 9 * " 

RefV Energy/MeV/ Cross Sect/mb/ Identify Gomments 

for the 7,7 & K^8s 

i n ] 14,5+0,35 lo ,c »t5»5 Paul 53 abs«;stand»dervstat» 
e r r ; only 

14 3*8 Haybum^B to Gu^/n,2n/5oo mb; 

l25] 14,4+0,3 3,37io,27 Rayburn6i to >9 p/ 
7i»3$; tot^e^standvdevi^ f • 

14iB±o,5 6 +oy9 Khurana6l to A2bmh; to t , e^ 

14,1+0 ,3 
15,o?o,3 

2*7*0,2 
6>ixo,6 Bormann65 abs, ; natural t a rget 

[55] 14,5+0,4 :o*7 Pei l65 to Pe56/a,p/12o mb^/450/ 
monitor err*not included 

[12] 14,7+0,1 i-io , 1 Pasquarell i67 abs . ;e r ror contains 
0,06 systV,0,05 mh s t a t , e 

L2] 14,2+0,2 2f6i ^lwari68 t o JjL^/n^/115^5 s ib. 

[32] 13,6 
14,1 
14,5 
15^0^,3 

ArgXi 
VIS 

•0,1 
»o,2 

-oa5 
Peto68 

to Pr1?i/nlf2a/2o5^loo and Cu°^/n,2n/56ot3o mb 
at 15 MeV 

for the 0,95 s E?8m 

[32] 15ldi3 o>8toi2 Pet 568 
CP see above at ff 
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Calcium 
2oCa48 

EefV Baergy/MeV/ Cross SecVmb/ Identify Comments 

14,9 lo7oi36o Hille62 to 
at 14£l*o,o4 MeV; 
stand, dev'i tot^exz^ 

15® 14,5 92o+184 Hillmann62 to ; 
measd.l^3Me? with 
o,71 abundance 

122] 14,7 611134 Hinetti66 abs; error contains 3< 
systf,14 mb stat^e^-

I2I 14,2jo,2 9ooilo8 Tiwari68 to 
at 14, 2io;2 MeV 

13A 86oil29 Csikai68 to ja2fyh,ol/L17mb at 
14,1 MeV. 



20 Scandium 

21s0*5 

Eef« Energy/Mel/"/ Gross Sect/mb/ Identify Comment 

for the 4 h Sc44® 
'9j )5] 14,3*0,5 129 t 9 Khurana59 to Fe56/n«p/llo mb? 

stat«e«only,other 
err* ~lo % 

j9l *J 5} * * * 14i8±o *148* *±*22* * * ° * * *^urana61" * * to Fe5%tp/126 mb; L J 1 total error 
[25r * * * *14^4+0)3 198* *+*15 Rayburnei * * *to*Cu^/ni2n/5o3'mb 

*7»3%i"fcot«err» 
|9] [if *° *14^8 * * **'179**i*27****** ^u^er3ee6i#*to"ca^3/nf2n/5569and 

Al27/n,<£/117 mbjmean. 
dev.of sngleexp. data 

j33f W * *13»69±o|io 111^9**4^2* 10" Al27/n^/see * at * L ' 14,ol±o,lo 138,5* 5,2 Ti.46; errors are 
14,09+0,lo 150,o± 5,7 Pr>estwood61 sta3a&* deviations 14,31*0,13 169*0* 6*4 io.estwooabi i n f i t t i n g d a t a t 0 
14,5o±o,2o 181,4± 6,9 a curve of prescri-
14f68to,26 2o4,3± 7,7 bed form 

[14] 14,13±o,l 130 * 7,8 Gevolani62 abs;tot0erp*err<> 
\34]* 14^7**0^2"" * *2o4* *i*25 *Bramiitt63* * to* li^/n9oi/iii mb; tot *e • 1 probable e.® 

125J 

)33] * * 

14,4 ±0,5 
14,8° 

for the 2,4 d Sc 
149 *. 11 

,44m 

Roybura61 see above at Sc ,44g 

149 22 MukherjeeSl see above at Sc^S 

15] 

13,69±o,lo 
14,ol±o,lo 
14,o9±o*lo 
14,3lio,13 
14,50+0,2o 
14,6810,26 

13,95 
14,25 
14,50 
14,75 
14,95 

91,94 3»o 
lo7,4± 3,5 
116*2* 3,7 
127,3* 4,1 
134,3* 4,3 
144,7± 4,7 

see above at Sc 

Prestwood61 

. c « • • Oi 
87 
97 
115 
126 
133 

t 5 
+ 6 
1 
* 8 

Perkin61 
taken from a curve? 
counted annihilation 
radiation 
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Titanium 

Ti46 
22 

Ref. Energy/MeV/ Cross Sect/^b/ Identif, Comments 

HI?) 14 27,9 Rayburn58 to Cu6Vn,2n/5oo mb. 

130 0 14,8+0,8 50,4+8,1 Poulailkas59 to Cu^Vn*2n/556+28mb, 
maxideviations of single 
expv data from mean 

1.6J 13,88+o,lo 
14,o9"7 o,lo 
14,55±O,2O 
14,93^0,36 

7*°~± i 
13,o • 3 
28,of 3 
44,5+ 3 

Prestwood6l 
to £X27/nW 128±6,4; 
127^«4;12ot6^5; and 
11315*7 mb at tlie four 
respective energies - -see 

19] 14,4+0,3 31,8+2,4 Rayburn6l to Cu6Vn,2n/5o3mb. 
total erroE 

M 14,13+0,1 13,3^1,1 Cevolani62 abs,; exp• erroB 

123J 13,6JO,2 
14,8+0,1 
l6,oto,5 

l,6io,2 
44±3 
looilo 

Pai66 
to Al27/n/£/ of 
Butler63 

135] 14,lJo,3 
l5#oJo,3 
16,0X0,3 

16±2 
69^9 

138±I8 
Bormann65 

taken from a curve, 
no other details 
given 

17) 14,7+0,3 56+5 Csikai.68 to Cu^/n, 2n/54o mb. 



22 
Chromium 
24Cr5° 

Ref, Energy/MeV/ Cross Sect/mb/ Identif. Comments 
[8] [9] 14 25#4 Ray"burn58 to Cu6^/n,2n/5oo mh 

annihil. gamma 

[8j|9] 14,8 32 t 3 MuJkherjee6l to Cu6^/a,2n/556 mb 
beta* activity 

\8][9]l25) 14,4 + 0,3 26,4 + 2,2 Rayburn6l to Cu6Vn,2n/5o3 mb 
annihil. gamma 

[39] 14,8 + 0,5 27 + 6,8 Khurana6l to Fe56/n,p/t26 mb 
sandwich meth.;beta 
act.; st at«e *: 2*8 jS; 0 

13*6 | 0,2 3 + 1 
14^9 * 0^3 28,5 * 2 5 Bormann65 taken from a curve 

[78) 14 27 strain65 nat, elem* irrad. 

Isl 15>o 28o + 50 Wenusch6l to il2?/n'fr/116 mb 
L8J 14,9 28o + 5o Wenuscli6l probably these 
19} 14,9 28 0 Z 5 0 Hill 062 are the variations 

15J 1 4 28o + 60 Wenuscfc.63 of the same measured 

56 12,94+0,20 
13,5110,22 
14,1 Xo,27 
14,88*0,3! 
15,62+0,33 

64 i 5 
147 ± 12 
276 + 19 
4 1 2 Z 29 
476 t 33 

Bormann68 
abs.; measd. integr. 
gamma spectr.; more 
points exist up to 
19,56 MeV 
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Manganese 

•Ma 55 25J 

Bef, Energy/MeY/ Cross Sect/mb/ Identify Comments 
[5]Hl9] 14,5+0,5 825 t 19o Weigold6o to Cu^|/n,2n/522mb 

to Cut vn,2n/l 
95sib in ref santafr 

[8] 
191 

14,1 
14,1 

6oo + l2o 
6oo ± 12o 

Wenusch61 to 6mb 
Hille62 probably is the same 

15] 14,o 

18J15I 14,0 

9oo t 7o 

131o $328 

Benveniste58 liquid scint.tank 

Granger63 counted 835 keV t 

| 4 l ] 1 3 , 7 9 ± O , 2 3 
14 , o5 to ,25 
1 4 , 4 2 X 0 , 2 6 
14 ,7 l±o,27 
l5»o9io,26 

828± 50 
937| 56 
9 4 6 ± 57 
9 4 5 + 5 7 
9961 60 

]l] 135o ±0,47 613± 72 
14,96+0,87 854+ 79 
15,82X0,45 89o± 82 

Paulsen65 

abs.; 
835 keV gammas 
were counted 

Menlove67 
to U255/n,fA95o at 
13,28s 2250 at 14>96 
and 233omb at l582MeY 

[65] 1 4 , 1 786+ 60 

17] 13,65 750+112 

Vonach.67 priv. com, in [65] 

Csikai68 to Cu ^/n,2n/94omb 
at 14,1 MeV; 835keV 
gammas were counted 

162] 14,8 + o,2o 75o± 3o 

[65] 14,l+o,15 798$ 78 

Barrall69 

Borraann.69 

abs .; 83 5keV gammas 
counted;l,oo photon/ 
decay; given twice 
stand, devV/6omb/inw 
eluding all errors 

abs.; more points 
given by graph only,' 
slope is same as that 
of Paulsen65 



24 

Iron 

26 F e 5 4 

Ref* Energy/MeV/ Cross Sect/mb/ I denti f« Comments 
]p] 14 lo ± 4 Allaa57 to Cu6Vn,2n/482t72 

mb«;counted betas 

\8] 19] 16,7 Raybura58 to Cu6Vn>2n/5oo mb, 
counted amaihil, rad. 

15] [9] 15 ro,4 7 Depraz6o to Cu6^*2n/556*28mb 

[3] 14,8 7,5+ 1 Fry6l unpublished, cited in 
pjon a figure 

|5] |9J 14,4±o,3 15,0+ 1,3 Raybura6l to Cu6Vn,2n/5o3 mb-
counted armihil.rad, 

feiHM 14,1*0,1 1 1 + 2 Pollehn6l to Li6/n,t/25|;8 mb, 
counted annihil.ra&v 

[51 [9] l4,8io,9 7,9*0,8 Chittenden6l to £L2J/nipi/Ll4 mb 
and Cu^/n,2n/556 mb 

* 
(5] 14,1 lo + %6 Carles63 to tti Vn*2n/5o3*35 mb; count ediannilriradi 

* • • * • 

\p] 14,5 8,5^0,8 Cross63 to ia27/n#<Vll5 mb. 
counted gammas 

a r- a * * 1 n ly •> 

13] !4p5*o,lo5 383* 0,5 - .. abs,; f 0 76 of neutrons 
1^75+0,055 5o,4+5,o bai-xsouryoi? ^ e within thfeae limits 

^78] 14 21 Strain65 no details given 

\7] 14,7+o,3 1 6 + 3 Csikai68 to Cu6^/n,2n/54o mb 
k- at 14,7 ± 0,3 MeV 

\57l 13,9*0,5 13 + 7 to Cu -^/ni2n/48o mb L 14,3*0,5 lo + 8 Andreev68a at 14,3 MeV;By two 
15,1+0,6 36 +17 methods: a./annihil* 
i A -̂b-, r i c + o gamma count * ;"b»/co-
ir'i+n f 10 +lo Andreev68b ino, between annihil, xy 4-xo gammas. 



Iron 
,56 

26' 
Fe-

25 

Ref < Energy/MeV/ Gross Sect/mb/ Identif« Comments 

18J [9] 
14 
14,9 

44o + 90 
44o + 88 

Wenusch62 
Hille62 

to Al27/n^/116iab« probably the same 
[28] 14,1 5oo t 4o Ashby58 nonactivation mea-

surement^ abs c;thi 
is cross sect« of 
natural isotopic 
mixture 



26 
Cobalt 

p
 39/m+g/ 

27 

Ref.. Energy/MeV/ Cross Sect/mb/ Identify Comments 
'•»" •" •—-'•<-» in... ....... I..... ...in ii., i „ I,., ., I,., ., i in-iiui, ii i, ii in . .,.. .nam 

\5j [9] 14,5±o,5 855 £ 19o Weigold6o to Cu
65

/n.2n/lo3o 
/473 t 12o for (?*/ -95mb i com;. 8ooke¥^-

LgJ [5]* "iiHT 149***5 7 'p^lilsso 50^158/^/52"* 
[9J 14,8+0,9 145 t 5 for or* ̂

e x s s b 0

 ±5mb; 4+2 mb 

[97 15s.8io,o5 82o * llo priv» comm* in 4

 14,25lo,o5 87o ± 13o gj 
14,5 £o,l 930 t loo abs. according to 
14,75+0^1 lo2o + 12o GabbardSl r ^ j 
15,o +o,15 97o t loo 
15,5 +o

s
2 97o ± 13o 

iii p i • i r . a ^ i s 570 '95 •' * 
u 14,1 io,5 64o t loo M i ' 

15^2 ±0*4 670 + loo Bormannei ^ormannea in[33T 
16,o 755 t loo 

[9] 14,5 +0,5 385+100 for ^ 3oimann62 

19] [51 *" 'i^sSio^io* * ° * *727*i*58 to'cu^/i'^n/aipl L J

 14,ll+o
t
lo 776 + 62 ver62 and to Cu

b

? 
14,37£o,15 767 t 61 Weigold62 /n,2n/; 
14,59Io,2o ,823 5- 66 
14,77+0,25 827 t 66 

[43] 14,5to,2 o,44±o„l for v^/tr^ Weigold62 taken from fig. 

l5j[8] 'i^i** * * • *
0

 • *63o*+*2.26° *°Wenusch62* * to
#

Ii^/n,o«/li6mb 
^93 Hille62 count.gammas 

[8]' H * ' 14* *** 587*1*117 * Granger63 count•8ooKeV 
[8] [5J ° *" 14 64o* 1 7*o Cabe63 to°Cu63/n

p
2n/»ann.^ 

[5J [41] * * 13^55+0 23o*+*25 abs.acc11o [4lJ; 
?33J 14,9 «o

9
2 51o + 65 Jeronymo63 counted 800 keV L

 16,5 «o,2 64o S 65 gammas 

\5J * *14,5 1^55^0,14 for e^fo-i Cross63 

^4lJ 13»79jo,23 613 i 37 abs»; count, annih« 
14,o5^o,25 650 i 39 gammas;flux measd. 
14,42±

0
,26 677 i 41 Paulsen65 by proton rec.telscj 

14,71*0,27 686 i 41 and assoc. <36, these 
15,09^0,26 7o4 t 42 agreed within 1,4% 



Cobalt 
Co59/m+s/ 27 

27 

Ref, Energ^/MeY/ Cross Sect/mb/ Identify Comments 

[5] [33] 12.5540,15 
14,1 +o,5 
15»2 +o,5 

125± 55 
195± 53 
182+loo 

/3o5+55/ 
/44?+42/ 
/518±8o/ 

Bormana65 
for if V and for tf^in 
bracket/;counted amvi.T\<» 
radojsome taken f«curve 

[So] 15»39toso6 L J 13»64-+o,o8 
13,94±o,o8 
14,27*0,68 
14.4410.08 
14.7310.09 
14,96±o,lo 

81oi 25 /o,546+0,025/ 
914+ 27 /o,533to9o36/ 92oI 28 /o,572±o,o35/ 
lolo £27 /o,526±o,o25/0kumura67 
996*'12 /o,56o+o,023/ 
lo3oi 17 /o,54o±o,o3o/ 
II05+ 3o /o,544+o,059/ 

abs.«; countd* 8o5 and 
81o KeV gammas; /for 
o'^^rin bracket/j beta 
branchings from Hucl# 
Data Sheets before 1966s 
flux measd* by assooe 
alphas 

J 14,12±o,14 
14,5o±o,15 
14,8o±o,16 
15,o^+o,17 
15,25±o,22 

6OO,5^28,O /o,44+0,12/ to Cufe/n,2n/of Frest> 
64-o,l±31,3 /o,561o,07/ wood and Bayhursti 
683,3±63,7 /for ratio In 
669*6+34/o,58+o,o7/ the bracket/i 
643,5+41,0 /o,45*o,07/ see also|58]^probably 
626,6+36,0 /o,41«feo,o6/ previous results 



28 
H i c k e l 

28Hi58 

Ref. Energy/Me1// Gross Sect/mb/ Identif. Comments 
[11] 14,5±o,35 4os6 + 12,2 Paul53 abs<> ;st .dev.staUe;* 

19 Is] *[9] *14*i 38*,8*1* *8y2 Parser59 to*Cu^5/n|2n/i annlr« 

pf W * * "l4 *" * * ° 3 3 " 2 ^ 7 Rayborn59*"" 't^Cu^/n^n/^oo'mbl 

[8] [34] *52" + #5 Ereiss6o to*Cu^/ns2^56i /n,2n/looo gA-r7'n^/ll 
)6] tef *' *13f88£otlo# * *" "21*4"** *lyi • • •'ii^/iLJ/*of* *" * 

14-,o9±o,lo 23,5 ± 1*3 Prestwoodbl in [9], 
14,31±o,13 31>1 * 1»6 Prestwood61 seecalso comment at 14*5o±o,2o 34,3 - 1,7 Ti4b Prestwood61 , r 14,81±o,31 39,3 + 2,o v a l u e ^ cov^.at 

W°[9] 3**2 ± mz\h Hayburnei* * ° #to"cu.^3/^2n/5o5*mbI 

191 1^8to*8 g - t X e Cross 62 V 15) [8] * / 5,0/ orossb^ coontd. gammas 
\34]* # * ° * '14*7+0*2 31* * #4 Bramlitt63# * ̂ o'li^/i^/lli'mb 
O • . . O . . ««•• . . a* . . .......a.........*. .••..»."<•«*. r» • •eWT • • .*•••••• 
19]* *[5] * *

 #

13l86±o*io* * * * *l8i7*±" *1 *5 to'cu^/nisa/'of * 
14,ll£o,lo 22,9 t 1,8 Glover62, see at 
14,24±o ,lo 27,2 + 2,2 Cu63; counted anni-
14,37±o,15 29 >3 ± 2,3 fail at ion radiation 
14,49-0,20 31,7 ± 2f5 Glover62 
14,59±O,2O 33*5 t 2,7 
14,6910,25 35,9 t 2,9 
14,7S£o,25 36,2 ± 2,9 
14,88io,3o 39,5 £ 3,2 

15] 133] *
 #

12i53±o^2 2* * *± "2 " * * absl;'counted*l^ 
13,53±o,2 8 ± 2 Jeronvmo63 1 5 8 0 ^ 1 9 1 0 k e V 
14,9 ±o,2 19 ± 3 eronymob^ g a m m a s 
16.5 ±o,2 2 4 + 3 

133] 13,5 io?25 12 & 1 taken from curve; 
\5J 14,1 +0,25 22,7 t 1,2 counted annihilation 14,9 ±0,3 34,p: + 2,5 isormannb^ radiation 

15.6 +0,3 4o,5 t 3 
....... 0... o. o.. * ................ • • 

13,loto,18 4,6 ± o,4 exist up to 19,&8 
13,3S±o,21 lo,l ± 0,7 MeV" i cu 
13,54±o,22 11,9 ± 0,8 see also at Z n w 

13,88+0,24 19,6 + 1,4 
14,o5to,25 22,o + 1 , 5 -n , 
14'42+o,26 29,4 ± 2,1 Paulsen65 
14,61±o,26 33,4 + 2,3 
14,99±o,27 38,o ± 2,7 
15,18+0,26 ± 2,8 
15,55+0,24 43,0 ± 3,0 
15,71+0,23 44,5 ± 3,1 
16,o3±o,21 46,1 + 3,2 
a . ..« e.o«e..o..o.*« ............ o........ .a. 



Ref. Snerrgy/MeV/ 

Nickel 
Hi^8 

28 
Cross Sect/mb/ Identify Comments 

[21] 13,95±o,2o 
LSI] 13,95±o,2o 

14,20+0,25 
14,31io,31 
14,3l+o,31 
14,53*0,32 
14,53±o,32 
14,79±o,3o 
14,79+o,3o 

0*1 

24*7 
24.1 
25,5 
25,4 
30.8 
26,7 
27.9 
28.2 
31,o 

± 
+ 
± 
± 
+ 
+ 
+ 
+ 

2.5 
2.4 
2.6 
2.5 
3,1 
2.7 
2.8 7, 1 

Temperley67 

abs»; these data are 
from [21] , [81] contains 
the means of the two 
independent measmts* 
listed here; countd. 
ann&horad* 9 branch, ratio;93,8 gamma per 
decays ox reaction 
product was used 

w 14,7 to,3 37 + 3 Csikai68 to Cu^/n,2n/54o mb 
[62] 14,8 to,2 36 + 1,5 Barrall69 abs»;cntd.1,37 MeV 

br«rat.so,86 ?T/decayr» 
twice stand.devc.gi-~ 
ven/3mb/including all 
the uncertainties 

\127] 14,4 38 •f 4 Lu?o cited in [12?] 
13,56 
13,61 
13,66 
13,71 
13,76 
13,81 
13,86 
13,91 
13,96 
14, ol 
14,o6 
14,11 
14,16 
14,21 
14,26 
14,31 
14,36 
14,41 
14,46 
14,51 
14,56 
14,61 
14,66 
14,71 

o,62 
0,63 
0,64 
0,69 
0,71 
0,74 
o,75 
o,73 
Q,69 o,8o o,8o 
o,79 
o,88 
o,8o 
o,81 
0,88 
o,93 
o,88 
o,98 
o,93 o,98 
o,99 
l,oo 
o,96 

arbitrarily normalized 
Gh&rgy error ie +o9o5 MeV, cross section 
error is about 1,5 %5 

/I/ Csikai66 



30 
Copper 

290-63 

Refo Bnergy/MeV/ Cross Sec/mb/ Identify Comments 

[123] 14 ,o 580 ± 5o Ehillips49 taken from curv© 
\123] ll 98±o;2 2o * 4o abs • * irradiation with DD 

12 f5*o 12 l^o ± 5o Fowler5o neutrons jtaken from curve 
12,5*o,2 22o J 

X2t7*o,2 25o * 50 
[124] 13,o 36o + 9o Waffler5o taken from curve 
[124] [9] 13,25*0,4 

J14,25*0,5 
16,75*1,2 

270 ± 4o 
650 + 80 
8I0 *loo 

* * « » » » • • • • « « < 

Brolley52 
abs•;taken from curve; 
up to 2? MeV; 

[11] 14,5 +0,35 482 & 73 Paul53 abs»;statoe* only; 
[8][9]pL4] 14,1+0,15 556 t 28 Xasumi57 abs#; 

53o * 25 De *Turen6o counted betas; 
[5] 13,20 
c 13,60 

13,85 
14,15 
14,42 
14, 7o 14,95 
15,35 

5oo * 5o 
585 t 60 
685 * 7o 
645 * 65 
7oo * 7o 
77o t 75 
96o ± 95 
945 * 95 

McCrary6o 

counted annihilation 
radiation; 
taken from curve 

[111[51 12,4 185 *"20 .v ^-/jxju,* ^ u u ^ u muuuw*. 
{14jjp] 12,8 , 235 * 20 radiation? 

13,7$»o,2 3^8 * 34 Ferguson6o taken from curve except the 
14,74*0,27 507 * 45 1 3 a n d 14,?4 MeV values; 
15,8 650 + 60 up to 18 MeV; 

© * 1 
[5]tLl]̂ I 14,lio,2 458 * lo Sakisaka61 counted betas; 
«eie«««<a«<i<«*«i«>(»ii«<«itii«)t<M>iMt<«Mti>«>«<9**iiiiii<M>i<iit«>> 
[lIj[5][8]l4,l+o,l 49o * 45 PollehnSl counted annih*rad*; 
[14] 14,13+0,1 4o9 * 25 Cevolani62 abs»;total experimental err.©; 
O • • e • « s » * a « , 
5J 12,25 14o + 13 normalized to 534 mb at 14,3 

14,25 535 * 5o /!/ Koehler62 MeV;cntd» annih* rad«; 
16,45 7o5 t 65 taken from curve?for 18 8teV#» 

[5] 12,o5 65 normalized to 503 Mb at 
12,6 17o ± 15 14,4 MeV;taken from curve; 
13,0 25© also for higher energies; 
13 §4 315 /!/ Raybum.62 
15,25 525 . 
15,9 600 * 55 



Copper 
31 

29 Cu 
63 

Ref. Energy/Me?/ Cross Sec/mb/ Identif. Comments 
[48] 13,86+o,lo 424 ± 21 normalized to 55o mb at 14,77 

14,ll*o,lo 455 - 23 Me?, this is the mean of 
14,37±o,15 488 * 24 /!/ Glover62 Perguson6o value and a 57o£4© 
14,59to,2o 519 £ 26 mb value originally measured 
14,77*0,25 55o £ 28 by Glover62;see also Cub>; 

• * . ..•.•••.••••••.••••••••••(••••ea.aacaccsoc*.••••«*• 
[8](9] 14,1 51 o t 36 Forbes52 abs.;counting betas; 
[5][9f' i3»2 32o***3o to*Fe^/nip/il2^5*mb*at'U.l 

14.1 ±o,l 509 jfe 56 Bormami62 Me?; taken from curve in[5j 
15.2 627 £ 5o except the 14,1 Me? value; 

[5] 14,1 478 + 48 Letessier64 cntd.annih. radiation; 
[29] 14,8±o,l 548 t lo Grimeland65 abs.;see p";cntd»"'betas; 

568 * 16 * by other method /ann.r./; 
|5] 13,55 38o normalized to 541 ®b at 

13,62 407 14,6 Me?;taken from curve 
13.65 395 in [5]; 
13*72 418 counted gammas; 
13,76 412 
13,81 418 
13,86 44o 
13,91 412 
13,96 42o 
14,oo 417 
14,o6 433 
Itlll til 
14,21 462 
14,26 449 
14,31 466 
14,36 472 
14,41 492 
14,46 492 
14,51 504 
14,56 514 
14,61 493 
14.66 5 0 8 
14,70 52o 

[42J 12,60*0 f 1 1 2 2 7 * 14 abs.;also for higher energies 
12,76±O,14 264 + 1? UP t o X9»58 Me? 
12f98*o,17 .315 + 21 
13,lo*o,18 340 + 22 
13»54£O,22 450 + 3o 
13,7oto,23 479 + 32 
14,05+0,25 554 I 38 Liskien65 
14,24to,26 575 * 39 
14,42+0,26 598 + 41 
14,80+0,27 619 t 42 
14,99-0,27 660 ± 44 
15,18+0,26 715 * ^8 
15,55±o,24 738 + 49 
15,71*o,23 762 + 5o 



Copper 32 

29 Cu 
63 

Ref# Energy/MeY/ Cross Sec/mb/ Identif,® Comments 
[12] 14,7 ±o.l 511 t 15 Pasquare11167 abs.jcntd. betas? 
[517 13,7oo±o,o4o 389 

J 13,745io,x^o 389 
13,77o±o,o4o 42o 
13»795±o,o4o 419 
13,82oto-,o4o 423 
13,845+o*o4o 443 
13,87o±o*o4o 431 
13*895+0^040 418 
X3,92o±o,o4o 436 
13»95o±oi?o4o 441 13*975±o,o4o 455 
14,ooo±oto4o 459 14,o25±o,o4o 463 
14?o55io,o4o 451 14^e75^0f04o 467 
14fllo£o,o4o 469 14e135-ofo4o 462 14t16o±o^o4o 473 14*21©±0ti®&0 497 I4t26o±o*o4o 479 14?3oo±o9o4o 506 
14t36o±o^o45 5o3 14t4o5to,o5o 517 
14^445±ofo55 522 
14f525^o^o6o 526 14,585jofo65 517 14,67o±o,o9o 568 . . * * . e «• . e . • » • « o « « . e » 9 ... 

[15] 14,7 ±o#2 603 
14,8 615 

+ + 
Mb + 
mm 
± 

X 
T 
+ 
t 
•f-
£ 
± 
+ 
T 
£ 
£ & 
& 
+ 
± + 
T 
+ 
<*9 

£ 

12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
13 
14 
14 
14 
14 
15 
14 
15 
15 
16 
16 
16 

± 16 
* 17 

normalized to 469 £ lo ab 
at 14,1 MeV, this value is 
the result of a compilation 
see pef,»[77Jj 

/!/ Cuzzocrea68 

£ 2 8 Crumpton69 a b s # i 
28 

65j 14,1 +o,15 552 ± 3 7 * Bormann69 abs.: 
. . . . . . .,« . . . X t O9.O. . .0* . ««. .«.« ».. . . . . . . . . . . . . . . * . • . . . 0 . . # . . . . . . . < 



3 3 Copper 

290u65 

Bef* Energy/Me?/ Cross Sec/mb/ Identif. Comments 
[8] [5o] 14,1 97© t 80 Forbes 52 abs.; 
ease... •.....#..........«»»»................•. *«ae.*». ................. 

; [11] 14,5to,35 I085 + 175 Paul53 abs .; st at • e •; st.dev.; 
[15] 14,l+o,2 131o t 200 Iasumi57 abs«; 

* [8]* * * "£4)0 *#**935* Rayburn58 
[46]°" * 1 4 * # " 9 5 4 * ^ * 1 3 0 ^ * *Pouiarikas59 t o'Cu63/n\2n/556*28*mb;cntd* 

I* ft +EZHr agr s br • r *=69 * 5>t5 % » 
probable error; 

[51°'° *15 869*l*lo4* *" *Depraz6o* * *to#Cu^/ni2n/556l28'mb?cntd. ft i 
18}[5] * M i r io3o*±#*95* * * *Weigold6o* "to#Cu^3/iJao/522±2o"mb;cntd. 

ann.rad.;In[5]it is for 14 Me¥$ 
[5] 13,2 1250 t 130 cntd. annlhil. radiation; 

13.6 1360 ± 14o taken from curve; 
13,85 142o + 140 14,15 134o + 13o McCrarvGo 
14,45 1500 * 150 Kcorarybo 
14.7 171o t l?o 
14,95 162o + 16o 
15,35 176o + 18o 

[5] 14,4 959 t 80 Rayburn61 to Cu63/n,2n/5o3±37 mbjcntd. 
ann. rad*; 

*»••••• ............. ..9*. ........ ...... »«.»..« 

i 

[5] 14,1 94o + 85 Pollehn61 cntd. ann. rad*; 
[9] 14,1+0,1 918 + 80 BormannGl 
«••.•......•...................o..................... ® A * • • • «* * • 
[6] 12,06^0*11 5o4 + 25 t 0 / s e e Ge7opui4b/. 

13,33±o*23 778 * 31 for errors see Sc4*?; 
13,4o+o,2o 771 t 31 
13,52±o,15 814 + 33 
13*69to,lo 83o + 33 
13,88+oflo 879 t 35 14,@l±o,lo 879 + 35 PrestwoodSl 
14,o9±otlo 906 + 36 
14,31+ot13 892 * 36 
l4,5o+ot2o 937 i 37 
14,68+o,26 953 ± 38 
14,81+0,31 ,968 + 39 
14,93+0,36 975 * 39 
16,5o±o,3o 997 * 5o o e 1 

[5] 12,55 625 t 45 cntd*ann.rad•; 
13,4 775 ± 60 also for higher energies; 
14,25 93o * 7o Baybura62 
15,2 lo2o + 80 
1 5 , 9 LOL5 T 80 



Coppe r 
34 

29 ,Cu 
65 

Ref. Energy/MeV/ Cross Sec/mb/ Identif* Comments 
f48Tl57 14,77±o,25 995 * 7o Glover62 abs.;cntd.ann.rad«;brfr.=19~%; L Jl 1 / % =2} 03+0^08 j 

±oto8;lt79io.o7 and l,75io,o2 
for 13,86±o,lo;14,li;£o,lo;14t3? 
io$.i5a4859io#2o and 14,77£o,25 
MeV, respectively; 

ft,.TT. ......a..*.*.*..**.*..*..... ......a. .a....a*. » jt *e.»aa*ae**........« 
[5]fe] 13,2 765 t 7o to Al2?/n,oE/118+9 mb at 14.1 

14.1 92o t 9o JteV;tsken from curve except 
14,6 952 £ 86 Bormann63 the 14,6 MeV value; also for 
15.2 935 £ 9o higher energies ; 
15,9 975 £ 9o 

[56] ' * *Iooo*i°2$ Bonaisoia&fl-" abs I If I 
*•..».••••»•••».»• T ................................. . e ... • 

]$}*- 13,65 850 to Cu63/n,2n/541 mb at 14,6 
13,8 860 MeV;counted gammas;taken 
13,95 925 from curve; 
14.05 965 
Hill I f o G s i k a i 6 5 
14,45 93o 
14,55 995 . 
14.6 lo26 I 50 
14,65 995 

[47] *# * 14^2 *± oj>2 *# 6 * "937 ̂  84 wl'lilc" * * "to *Fe^/n ̂ p/112±8 #mb; 1 A 14,6 ±o,2 878 + 79 N a s e 1 6 5 

[24] 12,6oio,ll 653 1*46 * abs*.;counted annihilation * 
12,76±o,14 672 1 47 radiation; branching ratios 
12,98+0,17 747 £ 52 » 19 % i ^ ^ 
13,lo±o,18 753 £ 53 
13,38+0,21 827 £ 58 
13,54±o,22 855 £ 60 
13,88+0,24 9o9 £ 64 
l4,o5go,25 893 £ 63 Paulsen65 
14,42lo,26 964 £ 68 
14t61±o,26 988 * 69 
14,99+0,27 986 ± 69 
15,18+o,26 loo7 + 7o 
15,55^0,24 1026 * 72 
15-7l£o,23 I065 £ 75 
16,o3io,21 lo47 t 73 

[45] # # *12t6of|111* * * *651 T 3 0 * 'iith*DD 
13,o8^|x| 275 * 5o 
13,58+oJll 863 ± 6© 13,58 and 14,50 MeV,respec-

' ^ * b 0 tively; corrected for GuP$/nt$/ — — — — - — interference: this means 6 mb 
13^58*0,06 874 £ 26 with ZJT neutrons] subs tact ion at 14,5o MeV for 
13,89±o,o8 9o9 £ 27 natural copper; in[5]these 
14,25±o,o8 943 ± 28 aancryoo v a i u e s ^ under the naae/s/ 
14, 50*0 f 06 973 t 3o Butler/Santry/65; 
14,68±o,o6 981 + 30 

•....14,74±o,o6 1oo2 * 30 
..........a......................*............*... . • ............. 



Copper 

29 Cu 
65 

35 

Kef» Energy/MeV/ Cross Sec/mb/ Identif. Commenta 
to Fe^/ntp/lX8l8 mb ; maybe 
the same as Hagel65 [17] 14,2 9o9 t 7o Nagel66 

Csikai68 1?1 14,7 ±0,3 970 i 5o 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 

,7oo±o,o4o 841 
,745±o,o4o 827 
,77o£o,o4o 866 
,795±o,o4o 924 
,82o£o,o4o 854 
,845to,o4o 891 
,87o*o,o4o 847 
,895to,o4o 863 
,92o±o,o4o 882 
,95o*o,o4o 9o6 
,975*o,o4o 917 
,ooo±o,o4o 895 
to25^o,o4o 9o8 
,o55*o,o4o 882 
,o75±o,o4o 854 
,llo±o,o4o 919 
,135±o,o4o 914 
,16©±o,o4o 916 
,21o£o,o4o 912 
,26oto,o4o 959 
,3oo±o,o4o 976 
,36oio,o45 9o7 
,4o5+o,o5o 957 
,445±o,o55 997 
»525*0,060 lo55 
,585io,o65 959 
,67oto,o9o 991 

£ 55 » 54 
t 56 
t 60 
± 56 
t 58 
* 55 

56 
57 
59 60 
58 
59 
57 
55 
59 
59 
59 
59 
62 

* 63 
± 59 
t 62 
t 64 
£ 69 
± 62 
£ 64 

p i f 
• •»»«e«c>6*o®«>® 

14,7 874 i 35 p i f 
14,6 874*of99o 
14,5 •o,98o 
14,4 *o,969 
14,3 ?o,958 
14,2 •o,945 
14,1 #o,932 
14,o •o,918 
13,9 •o,9o7 
13,8 •o,887 
13,7 •o,871 
13,6 •0,856 

• # • 

115] 953 £ 54 

to Cu^/n,2n/54o mb; 
normalized to 919±3o mb at 
14,1 MeV following?77] /this 
is a compilated value /; 

Cuj22ocrea68 

to Al2^/n,ot/lll,5t2 mb at 
14,7 MeV; 
for the other energies only 
relative values are given-. 
/see the comments at Ag10'/; 

• > • • • • • • 

Vonach68 

V65] 14,1+0,15 9o6 t 61 

Crumpton69 abs*;cntd* ©nnih*rad»;br*r» 
«19,3to,5 %\ 

Boimann69 abs *; 



Zinc 36 

3 o Z n W 

Ref* Energy/Me?/ Cross Sect/mb/ Identif• Comments 
;n] 
• « 4 9 • 6 

14,5lo,35 224 + 49 Paul53 abs«;st.dev#stat®e« 
134] 14,1+0,3 150 + 30 Cohen56 taken from a curve 
««««.« oa«.aa.a»aao.a«a 

14,1+0,15 
a.a*«ae«a*9»o.ao# 
119 * 18 

6a«»aa*eaaa 
Xasumi57 

« a a » . a « a » a•••«»»..*•.•»• 
abs 0 

14 159 Rayburn58 
to/see N i 5 8 / ; c n t d « 

4 4 t> M 1 
[5] !?I 14,8lo,9 254 + 50 Pre is s 60 to/see N i 5 8 / ; c n t d « 
0 # * © «* * 
15] [61] 13»4±o,3 

14,0*0,3 
14,2+0,3 
15,6+0,3 

78 + 7 
14o + 12 
17o * 15 
25o + 25 

<ta«aoso»co« 

KoehlerSo 

aaoeeeaaeaaaa.eaeo.a.QQo 
normalised to 167 * 11 
mb at 14,4 MeY/Ray-
burn61/;taken from 
curve; chtd.betas; 

«oe»»a*8«acs>»ac«*a«eaaa«e«t<»a<»a*a<»aa«»t» » o a « a » wo eeo.pae.a •9a*9oa«qa»esa 
[5l [8] [9] 14,4+0,3 16? * 1? Rayburn61 to Cif;)h,2n/5o3±37nib. 
• ©a.aaaoa»aaaaaaaaaaaaaa«.aaa.aa«>aaa0.«aa»0«»a.aa..aa«eaa.o0.• ••••«•••••• 
\5] \9] 14,o 12o ± lo taken from curve in[5ft 

14,5 18o + 15 small discrepancy be-
14,75 252 | 2o Gabbard61 twwen 15] and [9] ralues 
15,0 2Jo + 15 in [5] the fourth energy 
13,5 95 * 8 is 15,3 instead of 15,c 

... a.««oaee»a»a».0a»a«»«»ee®aaaaa»«a«a»a®ea»<»aoa«eoi»»a»aa»e»a»aa»»aaa»a». os» 
\14] 14,13+0,1 lo5 t 7 Cevolaoi62 abs«.tot#exp«.e»annih>^ 
caaeaaaaaaocecoaaa »ee».*aaa<>eaae«ao.aeeaa«<>»<»aja«oo««u.aaa»ee«. 
15] 13»86±o,lo 97 * 7 to Cu63/n,2n/andCu65 

14,lllo,lo lo7 i 9 /n,2n/of probably Glo~ 
[8] -- ^ 14,37*0,15 136 * 11 Weigold62 ver6^Uil>8] 5 energy 

14,59±o,2o 165 * 13 errors inferred from 
[9] ~ 14,77*0,25 182 * 15 \48];[5}data taken & curv-• a*a«««aaa«a«aa*aeoeee»o»»aa*«eaaQa.aa».aa««»aa<i>«*se*a<>aaaaa»aa«a*.a •»» c ® 
{34j 14,7 ±0,2 153 * 36 Bramlitt63 see comments at S c ^ 
a»aa»».a.»oaa«»*a»»aa0a»a»a**o»e»*.aa*o<»eaaaa»aa»a»a.o9aa»*aaaaa.aaaa«»®» 
^49] [5] 13,2 ±o,3 45 ± 5 taken from curves 
f8] 14,1 +o,4 lo2 + 13 Bormann63 

15®2 +0,4 184 + 2o 
• •6a»».»»»aaee*i.»ooaaes>#a»i»e®a»«».i»ae*»oaa«»eaaa»aa*aa«aa«kAa.»a.aaa»aaaa«# 
{$], 14,6 +o,l 2oo + 13 Csikai65 to Cu63/i£n/541mbi3td tf; 
•••••••• •'« •••••« « • aaaaaaa.eo. » o «»oe»»ao»»«»«*»»oaa«»o*aoe»«»«o»»a»aoaa»oo t 

13,88+o,24 114 + 8 abs.; from the 6-7% 
14,o5*o,25 137 * lo errors the statisti-
14,42+0,26 172 ± 12 P n n l_ n (- q cal error is about 
14,61+o,26 196 ± 14 i'auxsenb^ 1 . 
14,99*o,27 227 ± 16 
15»18to,26 239 + 17 

[20] 14,8 +o,l lo2 1 lo Mitra67 to Cu63/nf2n/53o*25mb. 

M 15o * 12 Ranakumar68 to Xl^/n ,p/68+8 and 
I?e56/n,p/1 oo±6 mb. 

13.5 
14.6 

65 
15o 

± 
± 

2o 
2o cj-ua ̂ t a k e n f acurve?errsstade" fahiofcawafeO Q f a t l e a s t t h r e e m e a s m 



Ref< 

Zinc 37 

Z n 
225 

3o 
Energy/MeV/ Cross Sect/mb/ Identif• Comments 

• « « 

V65] 

14,710,3 225 £ 25 Csikai68 to Al27/n,^/117mb; 
counted betas 

14,l+o,15 
14,8±o,15 

131,1+ 8,2 
2o8,l+lo,8 Bormsjm69 abs • ;more point sexisfc 

in curve with slope 
similar to Pauls en&5 

po Z XL 
66 

14 

14^4+0)3 
'14*3 

530 + loo 
530 t 130 

Wenusch62 
Hilie62 
Vonach68 
Ranakumar68 
Csikai68 

counted gammas 
the same as Wenusch62' 
privocomm.in. [65l 
to lis^/n.-i/miaDb 

m 

H 

17J" 

744 + Go 
650 + 15o 

» * « « • fr 

to Cu65/n,2n/94o mb 
at 14, lMe V; cnt d« 

l4,l+o,15 
14,8+o,15 
15,4+o,15 

758 + 54 
863 + 63 
965 ± 63 Bormann69 

abs taken from curve 
except the 14,1 MeV 
value 

3o Zn
7o/m+g/ 

i?J 
[36] 
W 

14,7±o,3 

14t7£of3 
i%4+o*3 

13o? + 150 Csikai68 to Al27/n,<*/117mb. 
counted betas 

574 t 60 

600 + 4o 
Karolyi68 for ,r?/57 m/ 
Ranakumar68 for ,^714 h/jto Fe56 

/n,p/loo±6 and Al27/ 
n^t/114+6 mb. 



Gallium 38 

si*-
6 9 

Ref 0 Energy Ala'V/ Gross Sect/mb/ Identif. Comments 
[11] 14,5 ± o,35 552 + 166 Paul53 abs 0 5 st .aev.stat.e. 

\3j 14 I089 Raybum58 

I?] 19] 14,4 ~ o,3 923 £ 7o Rayburn61 to Cu63/n,2n/5o3A3?mb 
(59J 14 8 m« o,5 lo?o ± 107 Khurana61 to Pe56/ntp/see Cr^° 
[l4j 14,13* o,l 735 £ 44 Cevolani62 absjtot.exp.e. 

13,2 i 
X4" | X m» 
14,8 £ 
15,2 £ 

o,2 
o,3 
0,2 
o,3 

688 ± 66 
925 * 75 

I057 ± 86 
ioo4 i 96 

Bormann65 
"abs."/ Zn66/n,p/was 
absolutely measured 
and used as a stand-
ard for this reaction^ 

}2oJ 14,8 ± o,l 983 t 150 Mitra67 to Cu63/n,2n/53o±25mb 
[78] 14 95o ± 95 Chatteroee67 

f?l 14,7 * 0,3 I088 ± loo GsikaiGS 16 Al27/n, p/73mb $ det.f' 

31Ga71 

[11] 14,5 t 0,35 7oo + lo5 Paul53 abs.jst.dev.stat.e. 
[39] li^'+'o^" * * #218o"±*2i8 Khuraia6i#* "to Fe^/n»p/see Cr5o 
\7J Vttftorf 961 "i*loo * Cslkai68 to Ai27/n,p/73mb;det./3 



39 
Germanium 

Ge?° 
Rei 

32 
Energy/MeV/ Cross Sect/mb/ I d e n t i f . Comment 

.11] 14,5 1 o,35 
9> 14 

666 1 233 
6o4 ± 48 

Paul53 a b s . ; s t * d e v . s t a t . e . 

Rayburn59 same as Raybum61 ? 

"91 

391 

1 4 , 4 ± 0 , 3 598 ± 45 Rayburn61#' #t^CuSVn",2n/5o3i37mb« 

'9] ]6:i 13 ,83+ o , l o 
1 4 , o l ± o , l o 
14 ,31± o , 13 
14,5o± o ,2o 
14 ,68± 0 , 2 6 
1 4 , 8 3 4 0 , 3 1 
1 4 , 9 3 * o ,36 

5o9 ± 15 
5o3 ± 15 
6o7 i 18 
621 1 19 
664 + 2o 
716 + 21 
681 t 2o 

t o Al2?/n»^/118±5,8mb 
at 1 4 , 6 8 MeV, values 
a t o ther energies see 

Prestwood61 i n [9j and comments 
a t T i ^ f c W 

a «».«•. i 
1 4 , 8 ± 0 , 5 16oo ± 24o Khurana61 t o Pe56/n,p/see Cr 5o 

63! 1 4 , 4 i o ,3 448 ± 45 t o Al^/n,cy/114±7andFe56/n,p/ 
looiGmb ;E f=574keV; o, 1 1 9 tfdisint 

- Wood67 
_ Bomb ;Si=x^74keVio J l119J/disintegi 

" ~648 -jTloo ¥oIl^7/n^c7and Cu&5/n,Sa7; cnfc'd. 
annih. rad. ibranch. r»=o,35 for 
G e ^ a n d O j l ^ f o r C u 6 ^ ; f i n a l l y p re -
sented, recommended :447145mb <» 

l474~± 073 

jiij «© •. 
m . . •» 
51 

'63; 

14,5 * o,35 
'ii's'l'o^*' 

182o + 546 

12oo ± 2 4 o 

Paul53 

Khurana61 

abs • ; s t . d e v . s t a t . e . 

to * Pe5%jp/see * Cr5o 
1 4 , 8 1 1 7 1 ± 15o to Al^/n,p/83±6mb; 

Mangal63 0f"4726±15mb ,62 
± 0 , 0 8 were givtm 

1 4 , 4 ± 

l474""±" 
o»3 1236 ± 12o counting gamma,32^=265 k e V ; o , l l 

_ „. phot 011/dis i n t e g r a t i o n ; 
0,3 14-4-4 ± 289 w o o a b / ccStlngJBe^l.oo/T/aisintigr.; 

f o r monitors see Ge' 0 

1601 13 ,39±o,o6 
13 ,64±o,o8 
13 ,78±o,o8 
14,11+O,O8 
14 s 44±o,o8 
1 4 , 5 9 l o , o 8 
14 ,86+o t o9 
1 4 , 9 6 + 0 , l o 

974+39 /o,839±o,o6o/ 
lo24±41 /o,784±o,o56/ 
1084+43 /o t81o±o,o58/ 
1154±46 /o,759±o,o55/ 0kumura67 
1123±45 /o,8o8±o,o58/ U K U m a r a b / 

1178+47 /o,8o2+o,058/ 
1334±53 /o,736±o,o53/ 
1438±57 /O,743lo,o53/ 

G» $ © « 9 

abs. ;counted 265 
keV gamma 
i n the bracket : the 
& "A?*" 3 r a t i o; counted 
139 keV gamma 



40 
Arsenio 

75 
33ks 

Refc Energy/Me1/ Gross Sect/mb/ Identif- Comments 
— - • - — • ... — . . - •• - •—R •"— I 1 --- 1 - .... 'TR ri. •-iriiri.i • I..I .I.... JII rqii .T-•-iiTjriiiiii.>--in.n.rniTwn.nm..ii..« ut-i jtJLi..uJ4tl.mu 

j l l j 1 4 , 5 £ o,35 5^5 £ 158 Paul53 a b s • ; s t • de v*s t a t . e « 

]9j )6! 1 4 ,o l+ o,lo lo?o + 43 t o Al2?/n,o6/of Prest-
14 ,31± 0 , 1 3 1 1 1 3 £ 45 TWqfwooafn wood61 i n [ 9 i see a l s o 
14,68+ o ,26 1 149 £ 49 Presowood61 Q O m & n t s ^ Ti^6 and 
14,93+ 0,36 1123 ± 45 Sc^ 

5] [8] 1 4 , 1 843 £ 253 Granger63 cntd.596and63okeV y 
14 ,o5±o, lo 965 £ 68 w-n-^fiA to Al27/n,o(/valae=? 
14,75±o,lo I038 + 73 rixixebb 

\l l7 j 1 4 , 4 ±0,3 I0I6 + lo2 Cook67 cntd.596 and 635keV g-

}7] 1 4 , 7 £0,3 lo92 £ 12o Gsikai68 t o Cu65/n,2n/97^nb. 

\56j . 13 
151£o 122 825 * 3o abs ® j measured gammas j 

14 , l o ± o , 27 I0I8 ± 65 p ^ ^ s d data e x i s t f o r more 
14 ,88±o,31 l l o 9 £ 71 Bomann68 e n i e s 15 ,62+0 ,33 1123 t 72 

[67] 1 4 , 2 ±0,2 117o ± 117 Prasad69 to A12Vn,06/115+5 mb; 
cntd.596 keV;f? o,6I 

^ / d i s i n t e g r a t i o n 



41 
Selenium 

oe74 

Ref. Energy/Me V/ Cross Sect/mb/ Identif. Comments 

for the 7 h Se75e 

[51 1 4 , 4 + 0,3 383 ± 30 Rayburn61 t o Cu65/n,2n/5o3#>7 mb 
oaaoasasaaaao^aaaaaaoaoaaooaaaaaaaaaaoaa 

[68] 1 4 , 1 258 + 21 Bormann66 c i t e d i n |6Sf;f .more energ . 
o«ea»»«o«aeaaa«*oa«»®a'*«aao"!io««a»aaa«»aaaaaa«aaoao««aa»»«a«aaaaaa0aoa.. 

•681 1 4 , 4 + o ,2 293 ± 29 Rao67 t o Fe56/n ,p/ioo±6 mb wi th 
L J o ,989 Jf/dis i n t . ; cntd. 360 

keV J with o ,99 /d is in tgr* 

|4o] 1 4 , 7 294 * 2o Minet t i67 abs/?/ 

;64i 1 3 , 7 1 * o , 1 2 233 ,5* 7 , 9 t o Cu fe5/n,2n/of Sant ry66 
14,17± 0,13 331,9* 1 2 , 3 f o 7 , AbnU'16Q 811(1 J?aulsen65 13,02* o,2o 51o,3* 11,5 ADousioy 
15 , 22* o ,2o 5 6 5 , 1 * 9 , o 

!lo2] 1 4 , 7 420 ± 4 4 Ivanenko69 

f o r the 42 m S e 7 ^ 

15] 1 4 , 4 * 0,3 4 8 , 7 * 8,0 Rayburn61 t o Cu63/n,2n/5o3*27 mb» 

168! 1 4 , 1 4 1 , 7 * 4 , 6 Bormann66 see above 

>68] 1 4 , 4 I 0,2 65 ± 1 5 Rao67 t o F e 5 6/n ,p/See above; 
cn td•ann ih . ro l , 7o / d i s i n t 

14o] 1 4 , 7 58o ± 60 Minett i67 abs/?/ 

164] 1 3 , 7 1 * 0,12 6,08 ± 0,52 see above 

15,22± o,2o 4 , 8 9 * o ,23 

34' Se 
76 

<38! 14,o5+ o , l o 845 +59 
14,75± o , l o 944 +66 

125o + 80 

Hil le66 to Al27/n,«^/values? 

[4oI 1 4 , 7 
aaaaea»«»a*aa*oeaaoaa«aaaa*aaa 

Minett i67 abs/?/ 

Rao67 t o /see at S e ? V ; c n t d . 2 8 o and 
4 o l keV f wi th o f 2 5 and o , 1 2 

$ / d i s i n t e g r a t i o n , r e s p e c t i v e l y 

68 1 4 , 4 + o ,2 808 + 81 



Selenium 42 

£N <0 

Befo Energy/MeV/ Cross Bec/inb/ I d e n t i f . Comments 

M • .« » 9 • 14 ? 7 738 £ 4o 

~ 8om 
3 4 S e 

Minet t i6? abs/?/;18 s isomeric s t , 
. . . . . . . . «.•«*»•<> ooee3*»«« 

15] 1 4 , 8 125 ± 1 2 , 5 Mangal65 t o Al 27/n ,p/valuer? ; cntd.y* 

[4o] ' 1 4 , 7 255 t 2o Minet t i6? abs/?/; 3 , 9 m isomeric s t . 

\SB] 
. 0 . 0 . 

1 4 , 4 + 0 , 2 

...OO..C....C 

680 ± loo Rao67 t o /see at S e ' / ; c n t d . 9 6 
keV jf witho ,o?8 ^ / d i s i n t . 

34 S e 8 2 

f o r m s 1 8 m S e 8 1 s 
[5] 1 4 , 8 ^ loo Mangal65 t o Al 2 7 /n,p/ 

\4o] 1 4 , ? 385 ± 20 MinettiG? abs/?/ 

\68] 1 4 , 4 t o ,2 225 £ 45 Rao6? t o /see a t Se™/jontd. 
276+29o ke Vf; o , o ! 4 //decay 

« ® S> 0.«&£G3>«tee««.««g>*...C««a«*e*e*a.<>.O««««*a....* . » 9 » • « o ... • •••«»«" 
[126^ 1 4 , 8 t 0,5 3 l o t 25 Hasan?2 t o /see 

f o r the 57 m S e 8 1 m 

{ll] 1 4 , 5 £ 0,35 ,>-1500 ± 495 Paul53 a b s « ; s t * d e v . s t a t . e r r o r 

\5j 1 4 , 8 I600 £ 16o Mangal65 t o Al2?/n tp/value=:?;cntd.;f 

[4oj "*°14 l7 'io7?'± *3o*" * *Minetti67* * "abs/?/* * 

\68] 1 4 , 4 t o ,2 894 ± 89 Rao67 t o /see at Se74/ ; C ntd . I03 keV^f ; o , 1 1 9 ^/decay 

\7j " ^ ' 1 2 ) 5 "" * * *i49o*±*22i*for*(r*^^ "to l i 2 7 / n ^ / i l 7 &b at 
1 4 , 1 MeV;cntd.betas 

[lo2] " " i i ! ? " i 8 ? o * i * 2 5 o " * * "ivanenko69#"se^/n^n/^e^/n^/se^ 
e.. 0 O 9 . « . . »«»0».».® ...... ................ « » ••••••«•••• 

1 4 , 8 + 0,5 8$o t 5o Hasan?2 t o /see Mo^Sm/j 



Bromine 43 

Ref. Energy/MeV/ 
Br79 

35 
Gross 8ec/mb/ Identif. Comments 

M 1 4 , 5 ± o,35 1141 + 285 Paul53 abso ;st.dev.stat.e;cntd.( 

I9j 14 788 * 63 Rayburn59 

15] 13 , 35 
1 4 , 1 
1 4 , 2 5 
1 5 , 6 

61o + 
815 ± 
83o + 
895 t co-

ovn
vji

 
O
O
O
O 

Alford6o 
normalized to 835 mb at 
1 4 , 4 MeV ;taken from 
curve; counted beta 

[9] 14,4 + 0,3 
\l4j* * * * 

835 ± 63 

793 ± "is" 

Raybum61 to Cu63/n,2n/5o3*37 mb 
Cevolani.62 abs. ;ent do annihilation r. 

133o"± 15o * Caries63 to Cu^/n,2n/5o3*35 mb 
taken from curve ;cntd.ann«r« 

[5] 14,8 * o,l 
14,8 + o,l 

lo6o * 35 
1141 + 27 

r abs.;two independent mea-(jrrimeianab̂  G m t s. : f i r s t Cntd.beta,se-
cond cntd.annih.r. 

i6o] 

[117] 

13,39* 0,06 765 * 18 abs.;flux measured by 
13,46± 0,08 821 + 18 associated alphas 
13,86* 0,08 843 * 36 

associated alphas 
14,o2£ 0,08 868 * 12 
14,16+ 0,08 92o + $0 Gkumura67 
14,35* 0,08 933 ± 15 14,59* 0,08 997 * 14 
14,79* 0,09 I0I3 t 14 
14,96* o,lo lo37 * 2o 
14,4 +0,2 741 + 74 Rao68 cntdo 614 keV gammas 

Br81 
35 

- f o r t h s 1 8 n Br80g 
19] [5j 14,2 ± 0,2 470 ± 5o Pukuzawaol 
[?T [5] 14,6 ± o A 437 ± 29 Strohal62 to Al^/n^ll5and Fe^ J /n,p/llo mb. 
o t t l i a t o t w x i l i i i i t x t . . . • **•«•»*•«»•<>•»••••<>• «»*e»a»*e«*o*»«*»a»<i 

[29} 14,8 + o,l 464 + 36 Grimeland65 abs•;st .dev.statoe.only 
[69] 14,7 I 29o ± 25* Mnetti67* "abs/?/;litVd. d. 



44 

l6o] 

Bromine 

Br81 
35 

Ref. Energy/KeV/ Cross Sec/mb/ Identify Comments 

f o r t h e 18 m Br' 8og 

e» © o 
h 197 

£ J 

13,39±o 
i 3 , 5 l t o 
13 ,64±o 
13,86&o 
1 4 , 2 7 * o 
14 ,43±o 
1 4 , 5 9 * o 
1 4 , 7 3 * o 
14 $86±o 
14 ,96±o 

so7 
,08 
,08 
,08 

08 
08 

, o9 
• l o 

596 ± 2 1 
648 ± 1 8 
6 6 ? ± 19 
7o4 t 26 
715 27 
723 ± 19 
766 24 
762 2o 
814 + 22 
806 A 26 

f o r r 

« © 4 * « « 

4 , 4 i o,2 391 x 39 • s 
o • <t » o 

Rao 68 

abs iflux measured by 
associated alphas 

r*0kumura67 

© • © » e 
cntd* 618 keV gammas 

O « « * « <0 • 

for the 4,4 h Br8om 

|11[ 1 4 , 5 * 0,35 828 ±166 P a u l 5 3 a b s . ? s t a t . e . , s t . dev . »cn tdp-

19] \5l 1 4 , 4 + o , 3 752 * 72 RayburnGl t o Cu 63/a,2n/5o3&37 mb 

|9\ *5l 1 4 , 2 1 o , 2 51 o & 5 6 I?uku£awa61 

H 6 1 o + 93 S t r o h a l 6 2 t o / s e e a t / ..a. ..................... ..09.......0...0. 
;33^ )5| 1 3 , 2 ± o , 3 615 * So to F e 5 6 / n , p / v a l u e r ? ; c n t d . 

1 4 , 1 * o , 4 72o + 8o Wn-r^otrnfto 6 2 0 k e V gamma; t aken from 14,6 + o?3 755 t 9$ ^ormaimD^ curve;for more energies 
1 5 , 4 + o , 3 8oo + 9o up t o 1 9 , 4 MeV 

129J 1 4 , 8 * o , 1 76o ± 15 Gr ime land65 a b s ; s t a t . e * ; c n t d . (b 
;̂69T 1 4 , 7 ? 74o i 4o M i n e t t i 6 7 abs/?/;cited in[69] 

]6oJ 13,39*0,06 o , 625+o ,o36 a b s . ; m e a s u r e d 62o keV 
13,51±o ,o7 0,623*0,036 gamma 
X3 ,64±o,08 o , 635±o ,o34 
13 § 86±o,08 o , 6 3 5 * o , o 5 1 
! 4 , 2 7 i o , o 8 ? o ,645±o , o42 f Q T r V oktimuT^fW 
14,43+0,08 o,632*o,029 
1 4 , 5 9 + o , o 8 o ,637±o .o34 
1 4 , 7 3 ± o , o 8 o , 638±o s o29 
14 , 86±o ,o9 o , 6 3 5 ± o , 0 2 8 
1 4 , 9 6 + o , l o o , 626+0 ,o34 

t^a-T * 
L117j 1 4 , 4 ±o ,2 737 * 74 Rao68 cntd. 618 keV gammas 

. . . . . 



45 
Krypton 

je*-78 

Ref. Energy/Me?/ Cross Sec/mb/ Identif . Comments 
(7o] 14,4 t 0,3 245 ± 2o Kondaiah68 to Fe56/n,p/loo±6mb for[S4? 

f ;,ni keV with o,9867 /decay?; 
lr̂ 'J cntd. 131 keV / with 0, 89&j/dec 
Jll?] 14,4 ±0,2 721 t 50 ICondaiah68a c i tes a paper of Kondaiah and Fink different from [7oJ 

& 8o/m+g/ 
36 

l?oj 14,4 t 0,3 81o ± 60 KondaiahGS to /see at Kr?8/and to Al 2 ? rspoi /n,od/114±6mb;cntd.398 keV f 
( x with 0,0772,f/decay;|1177CI^es 809^-0 mb/see also at -kr"<y 

\7o] 14,4 ± 0,3 4l5£5o for (f* KondaiahGS to Si28/n> p/252±15mb for[l?8o keV t with 1,00y /decayj ; cntri „ 127 keV /-;pLl7[ cites315&3omb 
0000.oeea......*.«•*..••...•*.»o«»o...«......•*.»«.................... 

Kr82m 
36 

]7o] 14,4 t 0,3 16o ± 15 KondaiahGS to S i 2 8 / r , ,p / see above; 188 ke\V detected; (ll7j citesl58±8mb ° 
... 0 « o ® 

Fvr8Gm 

|7o] 14,4 ±0,3 35o ± 35 Kondaiah68 to Fe56/n ,p /see above ;cntd« 150 keVjf with o,77//decay; 1117} c i t e s 346 t 25 mb. 



Rubidium 

Rb85 
37 

Ref • Snergy/MeV/ Gross Sec/mb/ I d e n t i f . Comments 

foa the 21 m R b 8 ^ + 33 d Rb^S 
\78'i 13 117o ± 23o taken from carve; the ~± 

J ' 13,9 145o ± 29o Tewes6o 2o % error given in('78>] 
14,5 187o ± 3Bo 

[6] j9] 13,4O±O,2O 1O99 ± 55 t o /see at Ge7°,T i46/ ; 
13,69±o,lo 135& i 68 (T does not contain the 
14,o9±o,lo 1447 ± 72 Prestv/ood61 d e c a ^ o f E b 

14,5o±o,2o 1498 ± 75 -"rcstwooafai c o u n t e d betas; for 
14,6840,26 152o + 76 errors see S c ^ ; 
14,81+0,31 153o + 7 7 

[5j 14,7 142o + 7o Rieder65 to Al27/n,<*/117mb; cntd. f 
[69J 14,7 1682 4 222 Minetti68 abs/?/ 

[7] 13,7 83o + 125 Csikai68 to Al2 / /n,oyi l7mb at 14,1 
MeV;counted betas 

[56[ 13,51±o,22 887 1 71 abs.; detected gammas 
14,lo±o,27 937 4 58 Bormann68 
14,8840,31 1174 + 94 ^orais^btt 
15,62+0,33 H 7 o + 93 

[117] 14,4 ±o,2 478 + * *48 for-r"*'*Rao68 cntd.25o and 464 "keV*.^ J 

fo r the 33 d Kb846 

[9] [5j 14,6+9»2 687 1 74 Strohal62 to Al27/n ,<3/115 and Fe56 
/ n , p / l l o mb; accord. to [69J 
th is i s <r ; 

[56] 13,51±o,22 61o ± 68 abs.; for <r~t277*19» 3144 
L 14,1O+O,27 623 ± 54 sorm-mnGS 2 1 5 574+28; 393±2^at the 14,88+0,31 800 t 9o -sormaruitots s a m e e n e r g i e s 

15,62+0,33 777 ± 89 
169] 14,7 756 + 161 Minetti68 abs/?/; ̂ 9 2 6 4 6 1 mb 
«>| > M O I X S •(<••)••••< I M •(•• X l X C t It •••• M >•••)• > ••««•»••»»»••»». 

[117J 14,4 +o,2 414 + 41 Rao68 cntd. 880 keV gammas 
[1251 14 ,1 1,O7±O,O5 for Kneisal69 



47 

Rubidium 

Ref. Energy/Me7/ 

-d-K3? 
37A 

Cross Sec/mb/ identif. Comments 

H 178] 
for the 1 m Rb86m + 19 d Rb86S 

1? 
13,85 
14,5 

176o ± J5o 
2o8o + 42o 
243o ± 49o 

taken from curve; the ± 
TewesGo 2o % error given in[?8J i 

counted gammas 

16] [9] 13,4o±o,2o 
13,69±o,lo 
14,o9io,lo 
14,5o±o,2o 
14,68±o,26 
14,81±o,31 

lo56 + 
llo? ± 
ll?o ± 
1211 i 
1194 t 
1191 t 

53 
55 
59 61 
60 
6o 

to /see at Ge7o Ti46/; 
(Y does not contain the 

Prestv/ood61 ^eoay of H b ® . £ E. C.;counted betas; 
for errors see Sc^; 

14, o5 
14,7 

139o ± 14o 
155o t 150 Rieder65 to Ar^/nf*/12?mb at 

14,o5MeV and 117 mb at 
14,7 MeV;cntd. gammas 

[71 13,1 129o t 194 Csikai6S to Al27/n,.VH7 mb at 
14,1 MeV; cntd-betas 

[69] 
1117] 

14,7 2551 ± 350 
' *973'±* °97 

Minetti68 abs/?/ 
Rao68 cntd.lo78 keV gammas 14,4 ±o,2 

for the 19 d Rb86g 

[5] |9l 14,6 £0>§ 835 ± 136 Strohal62 to /see at Rb856/; accord J to [69] this is/f^i 
V69J *14,7 * *i6i9*±*25o ** *Minetti689*abs/?A 



Strontium 

Hef. Energy/MeV/ Cross Sec/mb/ I d e n t i f y Comments 

1 4 , 8 t o , 5 177o ± 18o Khurana61 t o Fe5^/n,p/126 mb;tot«e« 

16] |9j 
13,4o±o,2o 
13 ,69+0,10 
1 3 t 8 a ± o , l o 
1 4 , o 9 t o , l o 
1 4 , 3 1 t o , 1 3 
14,5o+o,2o 
14.?68+o,26 
14 , 93^0 ,36 
•»ee«ea*A*»a< 

7 1 , 7 * 3 , 6 
84 ,3±4,3 

1 1 1 , 1 + 5 , 6 
115 , 9 i5 ,8 
142 ,4+7 ,1 
1 4 9 , 9 1 7 , 5 
1 7 1 , 7 + 8 , 6 
1 7 6 , 8 ^ 8 , 8 
18o,6£9,o 

t o /see at 
counted_betas ; for e r r o r s 
see Se^?; 

Prestwood61 

PI 15] 

13,4o±o,2o 
13 ,69+0,10 
1 3 t 8 a ± o , l o 
1 4 , o 9 t o , l o 
1 4 , 3 1 t o , 1 3 
14,5o+o,2o 
14.?68+o,26 
14 , 93^0 ,36 
•»ee«ea*A*»a< 

38o + 50 Strohal62. t o /see at Rb^€/; to t*e» 

[9j 
/>»»»» o 

1 4 , 7 140 z So Poularikas62 privecommoin[9] 

86 

f o r the 65 d s r 8 5 s 
fit 1 4 , 1 68o + l o 9 Miinzer61 t o Al27/n,cX/116 mb.;cntd. 

1 gammas; t o t . e r r o r 

[9] b ] 14 t6+g»§ 28o ± l o S t roha l62 t o /see Rb85S/;cntd* / s 

^ S ' ? 5 I l l 7 g f o r r t e f B i e d e r 6 5 t o , A l 2 W / l l ? at 1 4 , 7 950 - 50 14,7andl27mbatl4,o5Me\ 

[7] 1 4 , 7 57o ± 86 Csikai68 t o Cu65/n,2n/94o at 1 4 , 1 
MeV; cntdo airnih* rad« 

[69] 1 4 , 7 91o * 8o Minott i68 abs/?/ 



49 
Strontium 

,,.86 
38° 

Ref * Energy/Me7/ Cross Sec/rab/ I d e n t i f • Comments 

f o r the ?o m Sr85m 

[9] 1 4 , 1 2 1 + 8 Munzer61 t o /see at S r 8 6 g / 

M * W j f " 3 1 2 ' + 3o * Strohal.62* "to"/see"at*Hb85s/ 

[5] * * * 14 * 7 246 + *12 RLeder65 t o *mbI *"* ° 

\69] 1 4 , 7 * 222 + 25 Minett i68 * abs/?/* 

c; 88m 
3 8 S r 

[51 1 4 , 8 45 Bramli t t61 

[9] p V ' l H z i o l f * 215*1* 24 Strohal62* * *to"/see"at *Hb^6/# * 
o « « « a i > t ( > > c > > > > l > > < < l > < i a i > l l l t < > l > < t i i a « l « < > l t , > l g l t ( > l l I . > « a > ( e « > t > 

[131 12 ,6±o,2 I06 1 3 absoj f o r more energies 
l ? , 2 + o , 2 165 + 12 up t o 1 9 , 6 MeV; 
1 4 , 1 + 0 , 3 213 ± 12 Borniann65 
15 ,2+0,3 246 + 19 
16,0+0,3 248 + 19 

\69J 1 4 , 7 365 t 3o Minett i68 abs/?/ 



50 

Yttrium 
y89 

Ref, Energy/MeY/ Gross Sec/mb/ Identif. Comments 

19 5j 12,8 1 u J 13so 13,9 
14, o 
14,6 
15,1 

]9j 14,1 
e • jt » o • • 

[9j }5] 14.612* 

24o 1 48 
35o + 66 
585 t 11? 
|gp ± 156 
I005 ± H I 
• 0 e * * 
54o g 8o 
rj 

TewesGo 

taken from, curve; the i 
2o % error given in[?8] § 
counted gammas 

li 
542 t 58 

14,8 
«*«««...o.o...... [5j 

I® J P.I w 
14,o5 
14,7 

. » * « . « « . H O O D 

[7j\36{ 15, o 

1130 i 300 
1350 £ 338 
915 £ 45 lo2o t 5o 

Munzer61 to Al2' /n^/116 mbjentdo^ 
Strohal62 to /see at Rb85g/;cntas ;f 

Hudson62 taken from curve 
Granger63 taken f. curve;cntd.9o8keV^-

RiederGS ^ s e e Sr86/;taken ^ from curve;cntd.gammas 
ioio*±i^o'" 'csikaiGS* * * *to*il^/n^^ll7*mb*at 

14,1 MeY;cntdo 899 keY ^ 
13,33±O,23 
13,4O+O,2O 
13,52+o,15 
13»69±o,lo 
13,88io,lo 
14,ol±o,lo 
-lA.o9+otlo 14f31+0,13 14,5o±o,2o 
14,68+o,26 
14,81+0,31 
14s93+o,36 

8,2o+o,41 
8,74to,44 
8,63+0,43 
lo,54+o,69 
lo.,7o±o,54 
I!;%±o;!o 
13817±o,66 13,46+1,35 
13,74+0,69 
14,16+o,71 
13,89±o,7o 

arbitrarily normalized! 

$24] * ° 'i^i '+0^2 *825 *£*32 *Mather69 see 'at inonactivationl 



51 
Zirconium 

Zr9° 4o 
Ref. Energy/MeY/ Cross Sec/mb/ Identif. Comments 

for the 4,2 m Zr69m+ ?8 h Zr89s 

[9] [5] cntd. 588 and 915 keV 
);69J 14,1 544 + 22 Reed6o gammas; ̂ =4?o±22 mb; 
[6] 13,4o±os2o 398 1 12 to /see at Ge'°,Ti46/; 

13,51+o,15 457 1 14 counted betas;for errors 
13,69-0,lo 527 t 16 see Sc^5; 
13,88+o,lo 585 ± 18 
14,olio,lo 6o4 ± 1 8 . 
14,o9±o,lo 623 ± 19 for r+93%0-Erestv;ood61 
14,31+0,13 716 ± 21 
14,5o:io,2o 768 + 23 
14,68+0,26 822 ± 25 
14f81+o,31 838 ± 25 
14,93+0,36 856 + 26 

[9] [51 * 14,4 +o,3* * * 677 +*5i" " *Rayburn6l" 'to'cu&Vjajj^oji^b"* 
cntd. annih. gammas 

[691 . 14,6 +o,g 5o2 + 36 Strohal62 to /see Rbai?s/;cntd. f s 
[9] [5] acnord. to ]9[:this iŝ 'Jr 

and to [5]: ; 
|5] 14,o5 6oo ± 25 f0r^+93f^IUeder65 t o / s e e S r /?COU2lted 

14,7 74o ± 4o • y gammas 
\7] 15,1 8oo + 6o Csikai68 t o Cu65/n,2n/94omb at 14,1 MeV;cntd- 51 land 

91? keV gammas 
[69] 14,7 953 ± 97 MinettiGS abs/?/; cr^=?62+82 mb 
\64] 13,57+0,12 596,5± 4,4 Cu65/n,2n/of Santry66 

14,2o±o,2o . 677,9±28,5 and Paulsen65; y 14,56+0,11 759»2± 5,8 Aboud69 only statisticaierr^-
14s86±o,14 815,7+15,5 are given ^ 
15,14±o,13 385,5+ 4,0 

[lo9] 14,4 ± 0,3 652 + 31 Lu?o to Fe56/nfP/ioo±6 mb; err.con-tains --vl% stat.e.and does not 
cont .monitor err.;for^91 o keV 
7f with 99% bi'anch.r./OjOl 7r. •>/ 
was used;see also at ; 

[lo9( 75o + 5o cited in 1109] for the 14-15 MeV 
region without name 



52 
Zirconium 

Ref. Energy/Lie Y/ Cross Sec/mb/ Identif - Comments 
~" r -••*-I"nr1 ni II " " r-,] >ir in i*~—r" f-i nr»rr ii Hi nWnim~ 1 -fi i 1 - irrm iwm *~niT~r*»'i,<fnr*iiH|iHM|i>mrr rnr i»mr -itrn im i I ' i ' I I I i nHiin .wni wmtm. Hi iimii4i.LnuiiiMn i IW. ' I .H » n»i UJ » P I H J W i>»nmijn.m.i HCIHI«WIIHI 

for the 4,2 m Zr89m 

[69] [9] 14,1 74 t 3 Reed6o cntd.588 keV gammas 
L5J 
[11] [9j l4,5*o,35 s.79,8± 4o Paul53 absojstat.e. 
[9] 14,7 84 Poularikas62 priv.comm. in[9J 
[34] [9] 14,7*0,2 84 + 12 Bramlitt63 to Cu63/n,2n/value=?; cntd® beta and gamma 
j5] 14,8 168 * 12 Mangal63 to Al^/njP^te mbjmeasd: 

tV.t so ,72*o, 081 cntd ; 
|5j 14,7 142 * 21 Rieder65 to Al2?/n^/117 mb 
[69] 14,7 191 ± 15 Minetti68 abs/?/ 
[64J 13,57±o,12 7,91*0,29 to Cu65/n,2n/of Santry66 

14,2o±o,2o 4,48*0,15 a and JPaulsen65; only 
14,56*0,11 4,53*o,14 for 0"7/r̂ Aboud69 statistical errors are 
14,86±o,14 4,48+0,18 given 
15,14io,13 3,98±o,12 

[I09] 14,4 +0,3 79,5* 5,6 Lu7o to Pe^ /n,p/loo±6 mb;cntd.588 keY 
gammas with 94% branching t^'L 

/ 0,08 ICC./;see also at<y~ 

Zr96 
4o 

[lo9] 14,4 ±0,3 1456± 80 Lu7o to Pe56/n,p/loo*6 mb;cntd. 724 
and 756 keY gammas with branch. 
To 43,1 and 55,5 respectively 
see also comment at Zr"° 



53 
Niobium 

Ref o Energy/MeV/ Cross Sec/mb/ Identif. Comments 

[5j W 13 
13,9 
14, o 
14,6 
15,1 

A A A A A Jtt Jh * A J"! 

365 + 73 
385 £ 77 
395 ± 79 
41o + 82 
42o + m 

Tewes6o 
taken from curve ;cntd.gamma; 
the ±2o % error is supposed 
following other Tewes, re~ 
sg^ts /see e.g. at Rb"5»o/f 

l?]W 14,5 56o + 62 Glagolev61 to Cu63/n,2n/62o*4o mb;cntd. 
94o keV x ;in 5 14.7 MeV is 
written 'instead of 14,5 

0 6 0 O 0 
[9J 14,1 43o + 7o tlunscr61 to A1 Vn,cx/116 mb.;tot.e. 
[78] ^15 36o +120 Alford62 to Cu6^/n,2n/586 mb.; 

• • « a . 

Is] 15.T 14,5 to,9 499 ± 91 Bramlitt62 to Cu63/n,2n/556*28, Cu65/n, 
2n/954±13o and Al~V/n,a//114 
±7 mb;tot0e.;probable error! 

o o « « e 
197 [5] 

A A & A A 

e oco.»«.6a* »• 
14.6 

llt̂ ttffOCO • O • 

•318 t 18 Strohal62 to /see at Rb85S/; in19/this is assigned to a non-existin 
half-life 

W V W f̂f ip 

14, o5 
14,7 

470 £ 25 
465 £ 25 Rieder65 to /see at Sr3°S/; cntd. jf; 

~15 4oo ± 2o Western66 
[loS'J 1 4 Z o t 3 578 + 5o Lu7o to /see at Zryo/;cntd. 954 keV f 

with. 99 % br.r.jsee also Zr"° 
[116j 13,79±o,23 428 ± 22 abs.;time of flight; measd. 

14,o5±o,25 423 J 21 from 12,62. to 19,59 MeV; 
14,42±o,26 422 I 21 Paulsen7o proton recoil telescope 
14,71±o,27 421 £ 21 
15,o9lo,26 420 + 21 

\6J 13,4o±o,2o 17,99±o,9o arbitrarily normalized! 
13,69±o,lo 18,olio,9o 
14,ol±o,lo 18,43±o,92 /,/ Prestwood61 
14,31£O,13 18,32+0,92 /"/ ± T C S° w o o a b X 
14,5o+o,2o 18,46+0,92 
14,68+0,26 18,2ofo,91 



Molybdenum 
^Mo92/m+g/ 

Ref. Energ^Me?/ Gross Sec/rnb/ Identif. Comments 

54 

[5j ;9] 14,25*0,25 510 ± 8? Brolley52 counted betas;for 14,5MeV ing 
'(11] 14,5 ±o,35 19o ± 29 Paul53 abs.; st at. e.;cntd. betas 
[9] [5] 14,1 ±o,15 132 ± 21 Xasurai57 abs.;counted betas 
[9] 14 188 Rayburn58 to Cufej7n,2n/5oo mb;ann.rad. 
[9] \5J 1 4 , 4 ±o,3 2 1 1 ± 1 6 RaybumGl to Cu63/n,2n/5o3l37 mb; a n n . r . 

\9]i5}*14,6°igs|**S3i5 t 35 *'strohal62* 'to'/see'at RbS^/;cntdr|{and^ 
\3J 14,7 198 ± 4o Poularikas62 the same as Bramlitt63 ? 
jl4| 14,13±o,l lo6 ± 7,5 Cevolani62 abs.;counted aimih* rad. 
[34] 14,7 198 I 4o Bramlitt63 to Al27/n^/114 mb; 
|5] j36]14s8 159 t 16 for <jfBacso65 counted betas 
[5J t?j 13,96 12o to Cu -Vn,2n/54o mb at 14,7 

14,oo 125 MeV;cntd. beta and annihil. 
14,06 133 gamma ; in ]5] this, is assigned 
14,11 13o to while in[7lto<r~'$; 
14,16 127 the errors are of the same 
14,21 138 magnitude as in the 14,60 
14,26 146 Me? case 
iSjte 153 C s i k a i 6 5 
14,41 157 
14,46 155 
14,51 161 
14,56 166 
14,6o±o,l 175 1 lo 
14,66 168 
14,71 168 

|69] 14,8/?/ 256 t 27 Prasad67 ^=2o5 1 25 mb; 
\77j 14,l±o,2 158±5 for CuszocreaG7 to Cu6-7n,2n/919±3o and Cub^ /n,2n/469~lo mb;cntd.betas; 
169] 14,7 163±12 for Minetti68 abs/?/;cntd. fV with b.r.=94% 

^ ^ li'u 7o oloJin for Crumpton69 abs .; cntd • annih.r ad .with br. s "*o,3 r* =94%imetastable st.not obsc 
\64] * °i3^56±o,13 102^0^.2,0 to Cu^/nf2n/ of Santry66 

14,18±o,15 15o,7±2,3 and Paulsen65;only statisti-
14,53±o,ll 156,311,5 Aboud69 eel errors are given 
14,85±o,13 2ol,5±2,6 
15,o51o,2o 232,213,3 

[lo9] 14s4 ±0,3 217 ± 18 Lu?o to /see Zr9°/;measd.:=12,4±o,6 
[126] 14,8 ±0,5 232 t 16 Hasan?2 to /see M o ^ / i <rSsll2 1 14 mb; 
es s».««#.e.ee. 



Molybdenum 
T.̂ 92 -.Mo-

55 

Hef. Energy/Me V/ Gross Sec/nib/ Identif < 3omment£ 

f o r t h e 65 s Mo91m 
[5 ] 136 j 1 4 , 8 15 t 1 , 5 

169; 1 4 , 8 / ? / 51 ± l o 
• • • « « 

i&9j 1 4 , 7 7 ± 2 

Bacso65 » » • « * 

a s ad67 

measd. ̂ V^t=lo,6io,3 
• e tj * e 

P r c 

Minet;t 168 a b s / ? / o , 6 5 8 KeV was cn td* 
w i t h b r « r » = 5 7 % / o , o 5 5 ICC-/ 

t o / s e e a t M o 9 2 / m + e / / j o n l y 
14 ,o8+o ,o6 17,90+0,66 s t a t i s t i c a l e r r o r s a r e 
1 4 , 5 3 ± o , l l 1 3 ? 2 6 i o s 8 3 f o r t y r w A b o u d 6 9 g i v e n 
1 4 , 7 8+0 , 1 6 9 , 7 3 ±o,56 
15»o5±o,2o 8,2o ±0,38 

o , ? 2 + o , l o 6 8 , 9 2 + 7 , o 6 

[ lo9] 1 4 , 4 +0 ,3 16 9 2 + 1 , 2 
# « • 9 • P 

Lu7o t o S i ^ b / n , p / 2 5 2 + 1 5 m b ; c n t d . 
658 keV jf w i t h br»r«is»58 % 
/ o , o 5 5 ICCo/icee a l s o Z r ° ° 

{1261 °' •14;S*£o;r "ISo* '£'iT ' t o' JUWnJpTWtto' or • Al27/n;od/ w 115*8 mbicntd. betas and gamma* 

T. l o o 

42 

i l l ] 1 4 , 5 £ 0 , 3 5 3796 ± 1895 P a u l 5 3 a b s . ; s t a t • e * ; c n t d o b e t a s 

(39: 1 4 , 8 ±o ,5 191o £ 191 KhuranaS l t o P e 5 6 / n > p / i i 5 m b . ; 

[91 p] 1 4 , 6 2039 ± 2 1 o S t r o h a l 6 2 t o / s e e Eb 8 -^/ ;cn td ./5 and f ; 
|77] 1 4 , 1 ±o,2 1510 + 18o C u s s o c r e a 6 ? t o / see M o 9 2 / m + S V ; 
v?l 1 4 , 7 £0,3 1762 & 200 C s i k a i 6 8 t o Al27/n,<*/117 n ib ; cn td »A ; 

j lo9] 1 4 , 4 ±0 ,3 1389 1 84 Lu70 t o / s e e Z r 9 o / ; c n t d . 74o keV 
•f w i t h 12 % b r a n c h , r a t i o 



56 

Ruthenium 

Q6 

Bef# Energy/MeV/ Gross Sec/mb/ identif. Comments 
|11] 14,5 ±o ,55 478 ± 91 Paul53 abs*;stat»e;cntd*betas 
[9j [5] 14,4 ±0,3 634 ± 55 Rayburn61 to Cu63/n,2n/5o3±37 mb;ann. 

14,7 86o t 43 Rieder65 to Al2Vn,*/117 mb;cntd»/; 
• » « e a * « • e « « » » $ » 

15] 14,7 26oo ± 300 Gray66 to Cu63/n,2n/5o7 and Al27/n,p/82 mb; cntd. 768 keV jf of Tc"-7;cross section 
might contain I00-500 mb contribution 
from Ru9°/ntd/; cross sec .ii larger than expected non-elastic cross section 

go9] 14,4 ±0,3 569± 3o Lu 70 to /see Zr9o/;Cntd.34o keV fwith 75 % br«r«; 
|lo9] 616 ± 50 quoted in [lo9] for the 14-

-15 MeV region without name 

Ru9S 

ao9] 14,4 ±0,3 1169 ± 96 XjU?O to /see Zr^0/;cntd.215 keV 
•y with br. r.=91 %; 

„ 104 

14,7 2500 ±500 Gray66 to /see above/;cntd. 498 keV<f ; 
cross see<> is larger than expected 
non-elastic cross section 

jlo9j 14,4 ±o,3 144o ± 80 Lu?o to /see Zr9°/;cntd. 497 keV 
with branch°ro=88 



Ref. 

57 

En.c: ?gy/MeV/ 

Rhodium 
T5, lo3/m+g/ 

Gross Sec/mb/ Identif. Comments 

15] 1? 
13,9 
14, o" 
14,6 
15,1 

7oo ± 8o 
73o * So 
74o ± 8o 
77o ± 3o 
79o 1 8o 

counted gammas 
Tewes6o 

to /see Zr^°/»for o^scntd. 
698 keV /br.r=42,2%/,768 /31,<W 
and lo5o keV tf/b or. =31,605/; 
for f^jcntd. 475 keV ̂ with branc 
ratio 57 %*/o ICG. in every case 

\lo9] 14,4 ±o,3 
14,4 +o,3 

435 - 35 
522 + 45 for 

( M (f 

[116] 13,81+0,24 974±53 /39o*31/ abs.;time of flight; both 
14,2o±o,26 946*52 /383±3o/ <r~and rs are measured T /i /. ic nro+iio /XOQJ-OC/ xcUixtjeii/o 14,41±o,26 919*47 /379+26A 
15,o3±o,27 984±5o /431+31/ 

from lo,63 to 19,59 MeV; 
in the bracket; cr̂ fl/i ̂  ]• 



8 

Palladium 
Pdlo2 

Hef• Bnergy/MeV/ Cross Bec/mb/ identif. Comments 
179IL78J 14,4±o,3 ± 4o Fink68 to Fe56/n,p/loo±6 mb;the 
(117J same as Lu7o ?532±?lmb in&17 

[109] 1 4 , 4+0 , 3 637 ± 45 Lu?o to /see Zr9%cntd. 298 keV vr 
with. 3o % branching r a t i o 

-D-,lo8m 
46 

)79]{78j 14,4+o,3 448 t 32 Elnk68 see comments at Pdl02 L 
. . . . . . • . . . © s i . . . . . . . o o o . 

\ 
L69j 14,7 517 ± So Minetti68 abs/?/;cntd. 22o_ke?^with 

br.r.=loo %/0,4 ICC./; 

46 P d l l° 

for the 13 h Pdlo9s 

[11] 14f5+o,35 1948 +974 Paul53 abs.; s t at. err.; cnt d . bet as 
[5] 14,8 0,33+0,05 forsT7{>—y)Mangal63 to Al2?/n,p/83±6 mb; 
[5oT 14,7±ot2 25?o +16o Bonaszola64 abs.;cntd.l,o2 MeV beta witl 

br.r.loo %;systematic error 
is 159 and st 

a t i s t. e.is 22 
mb;neutron spectrum given .9.0.O.O. ........ .9. ......*. 

£9] 14,7 lo8o +llo Minetti6? abs/?/ 
179] 14.4+0.5 1200+84 f o r Fink68 s e e comm.at Ba _ ^; 118o±llo 
<117 j * "" * mb i s given in [117] 

!lo9{ 14,4+o,3 1416 +15o Lu.70 to /see Zr 9%cntd. 88 ke-V 
jf with br.r. loo % /26,5 ICC/ 

for the 4,7 m P d 1 0 ^ 
|5] 14,8 971 + 12 Mangal63 to Al27/n,p/83+6 mb; 
169] 14,7 51o + 30 Kinetti67 abs/?/ 
\79]p.l7] 14,4+o,3 498 ± 33 3?lnk68 see comm.at Pdlo2;49?l47 in [117] 
\1O9T 14,4+O,3 51 O + 35 LU?o to /see Zr?0/;cntd.188 keV^with br. 

" ratio 58 % /o,72 ICC./; 



S i l v e r 
59 

Jo? 

Ref® Snergy/MeV/ Cross 3ec/mb/ Identif. Comments 

[5] \?J 1 4 , 1 
for the 24 m Ag 

56o ± 56 
"V."' ll"c" lobg 

Forbes52 abs o;cntd• betas 
)11\ 1 4 , 5 ±o,35 519 ±26o Pau l53 

Yasumi57 

abs «i stat•e.;cntd. betas 
[9} |5] 14,1 ±o,15 453 + 50 
N9 

abf counted betas 
T 13,9 325 1 65 

1 4 , o 340 ± 68 
14,6 36o t 72 

59o t 78 
Tewes6o 

O • • i « 
15 £ 1 

\39j 14,8 ±0,5 657 ±loo 
L?I [5] 14,8 
191 14,1 ±0,2 537 ± 15 

the ± 2o % error is supposec 
following other Te\ves» re« 
suits /see e.g. at Rb^*^', 

Khurana61 to l?e56/n f p/126 mb; cntd. fo ; 
662 ± 66 Mukheroeebl to Al27/n,<*/117 andCu63/n£n/556c 

14,1 
Sa3cisaka61 abs.;counted betas 

58o ±9o Langmann61 
'[9] [51 14,1 74o ±*3o " Vonach61 "to Al27/nf</ii6mb;in(5] err=12omb; 
j ^ n ' 14,4±o j3" * 889*± 65*"Rayburn61 *to Cu^/n*2n/5o3±37mb;cntd. ann.rac 

© e * 9 9 e o ' o » » • • * ft 

[14] 14,13±o,l 
\5f ""°14*I 
• * 

754 + 44 Cevolani62 
to 

818 ± 75 Carles63 to Cu^/n,2n/5o3±35mb; ?no T^ given 
abs o;cntd• annihilation rad« 

13,0 
13,5 
14 , 05 
15,25 

855 ± 75 + 
903 + 80 
965 f 85 

to Cu63/n,2n/5o3±37 at 14,4 Me IT; 
taken from curve 

[80] 14,5 
[2o] 14,8 ±o,l 
169! 14,7 

520 Chuxsin63 to Cus3/n,2n/552 mb 
6oi ±90 Mitra67 to*Cu£>3/n,2n/53o±25 mb 

» « o * « • 
870 ± 4o M.inetti68 abs/?/; cntd. 1,45/^$/andl ,96/54%/* 

• • » * » 9 « « • • 

\51] 14,6?o±o,o9o 
14,585±o,o65 
14

t
525+O,060 

14,4452o,o55 
14,4o5±o,o5o 
14,360+0,045 
14,3oo±o,o4o 
14,26o±o,o4o' 
14,21o±o,o4o 
14,16o±o,o4o 
14,135±o,o4o 
14,llo±o,o4o 
14,o75±o,o4o 
14,o55±o,o4o 
14,o25±o,o4o 
14,ooo±o,o4o 
13,975£o,o4o 
13,95o&o,o4o 

1096 ±lol 
1027 t 95 

942 ± 87 
994 ± 81 
912 + 84 
984 I 9O 

1025 ± 94 
1028 + 95 

994 t 91 
l o 4 8 I 96 
l o 2 5 ± 94 

965 t 89 
1111 ±lo2 
I005 t 92 

935 ± 86 
looo ± 92 
1126 ±lo3 
93o * 86 

to CuWnV2n/469±lo mb at 
14,1 MeV 

Cuzzocrea68 



Silver 
,107 

4 ? •Ag 

60 

Ref» Energy/MeV/ Cross Sec/mb/ Identif. Comments 

PI 1 3 , 9 
1 4 , 0 
1 4 , 5 

1 4 . 1 

for the 8,4 d Ag l o 6 m 

Tewes 6o 
4?o t 94 
49o + 98 
520 ±lo4 
57o +114 

taken from curve 1 
the + 2o % error is sup-
posed following other ^ 
Tewes»results/see e.-g Rb < 

© » * 

191 * » • 
[69] 

600 + 78 VonachSl to Al27/n,^/116mb;tot.err 
/?/ Mukherjee61 to Al27/n,<*/andCu63/n ,2n/ 14,8 

14,7 
65oo 

* * 4 
» e » » 9 

653 ± 3o Minetti68 abs?;cntd.o,513MeVtf/Q6%/kr"*1523 
± ?b mboi 

[?1] 
* « 

1 4 . 7 14.6 
14.5 14,4 
14,3 
14,2 
14,1 
14,0 
1 3 , 9 
13.8 
1 3 . 7 
13.6 

[6J 13»4o±of2 13,52+0,15 
13,69^o,lo 
13,88 0,10 
14,09 o,lo 
14,31 o,13 
14,50 o,2o 
14,68 o,26 
14,81 0,31 
14,93 o,36 

599 ± 20 
599®o,992 

• o t 9 8 3 
• o , 9 ? 4 
•0,964 
•o ,954 
•os943 •0,931 
•o 8 919 
«»o,9o6 
-0,893 
« o , 8 ? 9 

9 , 3 0 ±0 , 4 ? 
9 , 2 3 +o ,46 
9 , 7 2 ±os49 

Vonach68 

t 9 # © 9 e » « 4«9*««6*ee**»*99 * 9 
to Al2Vn^/lll,5±2 mb 
at 14,7 MeV ; 
only relative values are 
given for the most energi< 
e.g. for 14,1 MeV one ob-
tains & by multiplying 
599 and 0,943 /=565 mb / 

arbitrarily normalized t 

9 , 7 1 
10*49 
l o , ? 3 
lo,8? 
l o , 7 2 
l o , 9 o 
l l , o 7 

o , 4 9 
/!/ Prestwood61 

0,̂ 4-
o , 5 4 
o , 5 4 
o , 5 5 
o , 5 5 

174] 1 4 , 7 1 1 , 0 0 174] 
1 4 , 6 6 o , 9 9 
1 4 , 6 1 o , 9 7 
1 4 , 5 6 l , o l 
1 4 , 5 1 1 , 0 0 
1 4 , 4 6 o , 9 8 
14 , 4 1 o , 9 9 
1 4 , 3 6 o , 9 8 
1 4 , 3 1 o , 9 6 
1 4 , 2 6 o , 9 4 
14 ^ 2 i o , 9 5 
1 4 , 1 6 o s 9 9 
1 4 , 1 1 o , 9 9 
1 4 , o 6 o , 9 5 
1 4 , o l o , 9 5 
1 3 , 9 6 o , 9 4 

/!/ Csiksi66 

arbitrarily normalised! 
for more encodes down to 
1 3 , 5 6 MeV5 
energy error is +0,05 Mev -
cross section error is 
about 1,5 % 

• • * * 9 9 * • 



B i l v e r 6 1 

Ref® Energy/MeV/ Cross Sec/mb/ Identif» Comments 

[9] ]5] 14,1 looo ± loo Forbes 52 abs.; cntdo [i ; t o t a l err a 

[11]* 14,5*±o*,35 ** 311***156° *Paul53* abs 1 j^tatleIicntdlbetas 

[9] [5] 14,1 ±o,15 6o4 ± 66 Iasumi57 abs»; 

^ [9] 14 71o * l l o Rayburn59 *to Cu63/n,2n/5oo mb 

[9] 14,3 to ,5 619 * l l o Khurana59 to I?e56/n,p/llo mb;stat.e#; 

[51 [S] 14,8 833 * 83 Muldierdee61 to Al27/n,a/117and Cub^/n$ 
[9 j 2n/556mb; in 19j; <r =883+88 mb; 
|5] 14,1 I080 + 2oo Langmann61 /abs?/;Thesis,privoComm«in [5 

[9J [5] 14,1 84o + 15o Vonach61 to Ag10Vn,2n/S74o mb;tot»e. 

[39] 14,8 ±0,5 71o + lo7 Khurana61 to Pe56/n,p/126 mb? 

[80] 14,5 * 58o Charsin63 to Cu^/n,2n/552 mb; 

[69] 14,7 ° 797** 5o °° Ivlinetti68* * abs/?/; cntd0^69 MeV/37o^2%. 
1,65/94%/ andl, o2MeV/l, ; 

|51] 14,67o±o,o9o 77o * loo to Cu6^/n,2n/469±lo mb 
L 14,585*0,065 776 * loo at 14,1 MeV; for more ener-

14,525*o,o6o 752 * loo gies down to 13,7 MeV; 
14,445*o ,o55 741 * 96 
14,4o5±o,o5o 767 + loo 
14,36o±o,o45 665 ± 06 
14,3oo±o,o4o 672 t 77 
14,26o±o,o4o 625 * 72 
14,2lo±o,o4o 689 * 79 Cuzzocrea68 
14,16o±o,o4o 729 * 84 w*zzocrcafoa 
14,135*0,o4o 708 ± 81 
14,llo:to,o4o 768 + 88 
14,o75*o,o4o 749 * 86 
14,o55*o,o4o 815 * 94 
14,o25±o,o4o 745 * 86 
14,ooo*o,o4o 750 + 86 
13»975*o,o4o 817 * 94 
13,95o*o,o4o 812 + 94 



f l ? Cadmium 

48 0 a 

Refo Energy/MeV/ Cross Sec/mb/ Identif. Comments 

9] 15] 1 4 ± o , 3 827 ± 63 Rayburn61 to Cu63/n,2n/5o3*37®b;arm.r* 

j5| 13,1 - 53o ± 50 taken from curve in ]5]; 
13.5 62o + 6o counted annihilation 
14,0 64o £ 6o radiation 
14,3 820 £ 8o Rayburzi63 
14.6 95o t 9o 
14,9 98o ±loo 
15,2 95o i 95 

[56] 13,44±o,13 lo?2 +I08 abs. 1 
[82] 14,ll±o,15 1358 ±136 Bonaimi68 14,87+0,17 1589 +159 iiormannoa 

15,52+0,17 1614 +162 
[83] 14,4 +0,3 975 ± 86 t»•»cq Two independent value;the first is abs.5 
l1O9J 14,4 +0,3 966 ± 85 ^ ^ — — 

C of Cdio6/n,np+pn+d/divided by 
<T of cdl°6/n?2n/=:o,22o±o,o23jand the 
sum of these xs 119o±lo5 mb; 

P/.I08 
48 

[84] 14,1 5o4 ± 75 Xu6? to Al27/n,^/115 mb; [78] citing Thesis of 
Xu gives 25fi*4o mb at 14 MeV 

4k 9 O * O 
1?9] 

• « » • d 
14,4 ±01̂ 3 

• ® 0 0 1 
964 

• « 0 • » ( 
± 75 Fink68 to Fe56/ngp/i0o46mb;the same as Lu?o? • * * 41 e 

111?} 
• # © • • • 
14,4 ±0,3 

© • • « < 9oo ±135 Iai68 probably the same as Lu?o 
1I09] 
0 * . • . 

* « • « « 14,4 OO* ±0,3 
» 6 » » 
865 
« 9 0 • -

» • 4 » it j 
+I00 
n e » • * < 

Lu?o to Fe56/n?p/ioo+6 mb;cntd. 93 keV^with 
branch.. .r. =1 oo£5 /ICC.=19,?/;see Zr^° 

48 C d l l° 
[79] 14,4 +0,3 998 ± 115 Fink68 to Pe^6/np/loo±6mb;the same as Lu?o? 

J17] 14,4 +0,3 99o ± 2o8 Lu68 probably the same as Lu7o 
J09] 14,4 ±0,3 1221 ± 150 Lu7o to Fe56/n>p/ioo±6 mb;cntd^with br r«=loo %/ICC.=26,5/5see also 



Cadmium 

r>,i ,112m 

Bef. Energy/I£eV/ Cross Sec/mb/• Identif• Comments 

|8lJ 13,72+0,13 666 ± So abs * »cntd» 245 keVrwith br« 
14,o7±o,13 624 ± 75 Temperley68 r.=loo % /ICC«=0,0to2/; 
14s78±o,21 576 ± 69 CdHl/n,n»/also measd<eepeiralE^ 

\79j 14,4 ±o,3 781 ± 5o Finit68 to Fe5&/n,p/loo±6 mb;the same as Lu?o? 
» t s o * « a M i M » t ( * e * M * * * » « * » ( i * o M » i M i i « » « « t a « » « « « » f * t » « o i » « » » » i « » « « M ( ) « e 9 f t 
\117l 14,4 ±o,3 744- + 74 Lu68 probably the same as Lu?o 
)lo9j 14 , 4 ±o,3 725 ± 5o Lu7o to /see Zr9°/;cntd» 247 keV^with br. 

ro=Ioo % /ICC.=0,065/;cross sect.con-
tains .rof CdlH/n,nt/ 

^ ilG 
48 C a 

for the 53 h Cd11^' and for the 43 d C d 1 1 ^ /the latter is in bracket/ 
|39j 14,8 ±o,5 69o±lo4/49o±74/ Khurana61 to Fe56/n?p/i26 mb; 
\6 °13^4o±o,2o* *821+82*'/78o±78/ * ° * "to'/see *Ge?°*and il^S/J 
L9i 13,69+0,lo 830+83 /795±8o/ counted betas; for errors 

J 14,olIo,lo 85o±85 /84o±84/ see comments at Sc45 
14,o9±o,lo 835±84 /769+77/ 
14,31±o,13 863*86 /885*89/ Ecesvwood61 
14,5o±o,2o 826±83 /8o8±81/ 
14,68±o,26 817±82 /825±83/ 
14,81±o,31 781±78 /8o7*81/ 
14,93±o,36 798±8o /836±84/ 

\5J 14,8 69o±llo/49o±7o/ Rayburn63 to Cu63/n,2n/5o3±37 mb at 14,4 
MeV;taken from curve; [78]does 
not mention this data, maybe a 
misprint in[5]because too si-
milar to Khurana61 /??/ 

[84] 14,1 857+7o /73o±6o/ Yu6? to Al
2

7/n,a/115 mb 

[79] 14,4 ±oP3 9o^±6o /615±45/ Fink68 to Fe-?6/i^/ioo«fe6mb;same as Lu?o? 
[117]14,4 lo,3 878±79 Lu68* ° probably'"the'same'as Lu7o 
[109]14,4 ±0,3 82o±5o /569+50/ Lu7o to Fe5°/n,p/loo±6 mb;cntd. 335 keV 

>rwith br.r.=96 % /ICC«=lt15/£or 
cr* and 934 keVv-with br.»r»=2 % 

/ICC=o/for.y*;see also Zr?o; 



Indium 64 

Ref * Bnergy/MeY/ C r o s t%ec/mb/ Identif o Gosanents 
for the 14 m Inll2g and for the 2o m In 1 1 2 m /the latter is in bracket/ 

[86] 14,7 ?o3+lo2 /83?+98/ Koztowski68 abs» ;cntd« 157 keY/for fr 

[35] 14,7 to, 15 3oo±3o /149oxloo/*B5tzer68 "to'ii^V/nf^/ii^ls'mb' 

[87] 14,7 540+25 /1413+85/ Minetti68 abs/?/cntd*155keY^for tf"*1 

[85f 13»9 to,2 376+45 /lo73±16o/ to Znb4/n,2n/values see in 
14,6 +o,2. 316+40 /1317+200/ Karolyi7o f5j 
15,3 to,2 295+35 /1239-18O/ J 

T15 

for the 7o s In-^6 
[37] 14,8 36o + 4o Prasad66 to Fe56/n,p/126 mb 
[87] 14,7 269 + 20 Minetti68 abs/?/counted betas 

[35j 14,7 to,15 340 t 7o Rot2er68 to Al2?/n,o(/115l5»9 mb 
[86] 14,7 164 t 2o Koz£owski68 abs *; counted betas 
• * 

for the 
[6J, 13,33to,23 
[9 j 13,4o+o,2o 

13,52+0,15 
13,69+o,lo 
13,88±of l o 
14,olio,lo 
14,31to,13 
14,5o+o.,2o 
14-, 8I+0 ,31 
14,93to,36 

50 d In' 
1471 ± 74 
1428 t 71 
I506 + 75 
1468 + 73 
1523 t 76 
1557 + 78 
1500 + 75 
1539 ± 77 
1585 ± 79 
15o3 ± 75 

114m 

M 

« o • 
M 
o o « 
135] 

13,5oto,47 
14,96+o,87 
15,82+of45 
14,7 

loo? ±138 
1264 ±137 
1325 tl44 
1590 t 90 

to /see Ge 7 0 and Ti46/; 
counted betas; for^errors 
see comments at Sc -3 

Prestwood61 

e * * e 9 

Menlove6? 

• . Mll«9»ltii«l 
to /see P1"/; 

e o » « o o . •• . < 
Minetti68 abs/?/cntd. 192keYf 96,5^04, 

14.7 to,15 
14.8 +o,2 

14?o +120 Rotzer68 to A127/n/VH5t5,9 mb 

139o t 55 Barrall69 abscntd.192 keV ̂ -,br.r.=17 %> 
given twice stand, dev./llo mb/in-
cluding all err* 9 irrad • with Mn?? 



Tin 
65 

<3 1 1 2 

Ref. Energy/Me 7/ Cross Sec/iab/ Identif. Comments 
[9] 14 14oo i l l o Rayoura59 t o Cu 63/n,2n/5oo mb 

I [9J 12,9 5oo TewesGo counted gammas 
[5] 13,9 725 t Bo J-ewesbo 

\ \5] 14,4 +0,3 1508 + 122 RayburnSl to Cu63/n,2n/5o3mb;cntd.arm 

[5] 13s? lo?o + loo taken from curve 
13,8 II60 ± loo 
14,'9 167o ! i?o Rayburn63 
13,2 1635 t 15o 
15,7 I800 + 18o 

livj / [88] 14 I6I0 + 320 Klucharev64 to Cu6->/r^n/552 ,A l 2 7/np/73n ib 

[7] 14,2 153o 1 23o Csikai68 to Cu63/^n//4i|-8mb at 14,lMeVjanr, 

[56] 13,^4+0,13 998 + llo abs.; 
14 ,ll!to ,15 lllO + 127 P.nrTTi innfiR 14,37to,17 1217 + 138 rormanribo 
15,52io,17 1253 ± 141 

[89] 14,4 13oo + 150 Luli«68 abs/?/;enriched target 

[I09T 14,4 lo,3 1275 ± loo Lu7o to /see Zr^°/;measd.2,8 d, Tn-^Gso^^ 
<r belpngs to Sn^/nPn/Sn^VEC/Inlll-
+Snll^/n,np/+.. oln11-1;cntd. 173 keV g 
with b.r.=99/^/0,115ICC/and 247 keV t 
with b. r . =99^5/o , o64 ICC/ 

\6] 13,4o+o,2o 3,67 ± o,18 arbitrarily normalized! 
13,52±o,15 3,91 t 0,20 
13,69+o,lo 4,o3 + o,2o 
14,09+0,lo 4,72 + o,24 
14,31to,13 5,o7 2 o,25 /!/Prostwood61 
14,5oto,2o 5,16 ± os26 
14,68+o,26 5,36 ± o,27 
14,81~o,31 5,34 + o,27 
14,93±O,36 5,65 + o,28 

[127] 14,4 lloo 1 loo Lu7o/a different from Lu7© in [I09] as 
cited inp.27]» 



Tin 66 
nllVm+6/ 

Bef • Energy/MeV/ Cross Sec/mb/ Identifo Comments 
[89j 14,4 18oo t loo LulL«68 abs/?/;enriched sample 
|lo9] 14,4 to,3 1239 ± 13o /!/Lu?o to /see Zr^o/;includes only 91 % 

metastable state!;cntd• 393 ke? 
with loo % bror»/o,53 ICC/; 

118m 

14,9 123o t 34o Brzosko63 fco Pe56/n,p/lo4±lo mb; 
t§9] 14,4 976 t 12o , Luli&68 abs/?/;enriched sample 
llo9] 14,4 ±0,3 957 ± loo Lu7o to /see Zr9°/;includes ̂ of Sn u //n { n»/;cntd. 138 keV br.r=loo%/o, 15® 

Sn12om 
5o 

Ci \89J 14,4 1444 ± 21o Lulic68 abs/?/;enriched sample 

^0Sn122s 

[89] 14,4 875 £ 135 Luli&68 abs/?/;enriched sample 

For the 125 d Sn 1 2 5 s 

\88] 14 9oo 1 18o Klucharev64 to Cu63/n,2n/552 andt Al2?/n, 
j5j p/73 mb;half-life not given 

For the 4o m Sn12^m 

1891 14,4 £0,3 547 + 23 Luli&68 abs/?/;enriched sample; J half-life not indicated 



Antimony 67 

Ref. Energy/Me?/ Cross Sec/mb/ Identifo Comments 
for the 16 m Sb12o6 

ill] 14,5 +o, 35 ^75o + 188 P u.153 abs.; stat.e.; cntd.betas 
' [9] 14 looo Eayburn58 to Cub3/n,2n/5oo mb; 
. \9] 14,3 ±0,5 453 ± 41 Kern59 to ?e56/n,p/llo mb; 

[5] 13,2 129o ± 13o - taken from curve; counted 
13.6 1360 ± 14o annihilation radiation; 
13,85 133o t 13o 
It',I 1370 I S o KcCrarySo 
14.7 14oo ± 14o 
15.0 145o t 150 
15,35 1515 * 15o 

9 © 9*e««e«»»««««9«f.fl(t«*fte «e««#«i»o99*«>«!«i9*c>999«* • 99999999 9»999®*®«©9 
[39] 14,8 ±o,5 H 8 0 + I80 Khurana61 to Pe5^/n,p/126 mb; 
19} 5] 1^,4 to,3 1056 t 80 Rayburn61 to Cu63/n2n/5o3±37mb;onn.r. 
i5] 12,9 looo t loo normalized to I056 mb at 14.1 lo7o ± loo /»/Koehler62 1 4* 4 M e ?* 

14,3 I050 t 9o /• /*ocn±er^ taken from curve; 
15,5 lolo ± 90 

[5] 14,1 145o t 80 Carles63 to Cutv/n,2n/5o3t35 mb;cntd-
ann.rad;taken from curve; 

[5] 13,5 930 + 80 to Cu6-)/n,2n/5o3±37 mb at 
14 ,1 980 t 90 Raybum63 14,4 MeV; cntd. annihilation 
15»2 lo55 ± loo rad.;taken from curve «Q&9$9909O9«99.#9«OO9«>* e c 9 ® 6 o « « 9 • 9 . * * 9 • • 9 • 9999999*9»* 

\_91j 13»2otgj£g 884 t 75 to Cu63/n,2n/of Liskien65 
13,6otgfJf 878 + 78 
l3,7otg;| 951 ± 81 K a n d a 6 8 

lo62 ± 82 
14,72lgj|| 998 + 33 
15,16lgj§| 112o + 95 

* L56I 13,44±o,13 919 1 86 - abs/?/;integr.gamma-spectr. 
9 5 9 I Bormarm68 14,87+0,17 lol4 t 96 

15»52+o,17 1080 ± lol 
[87] 14,7 1244 t 80 Minetti68 abs/?/;annih.rad.counted 
\lo9] 14,4 ±0,3 1188 t 60 Lu7o to /see Zr9o/;Cntd. 1171 keV + 

with br.r«.l,32 % /ICC.=o/; 0 



68 
Antimony 

Sb 1 2 1 
51 

aefo Energy/MeV/ Cross Sec/mb/ Identify Comments 
for the 598 d Sb 1 2 o m 

15*2o£|*o| 5 7 8 ± 98 
13

9
6oig|if 397 t lop 

41o + loo 
ZLXP + 1, 

to CutoVn,2n/of Lisk.ien65 

13,7o£g»$o 
14,05^ Kanda68 

14,72+gjgg 564 + 132 
15»16£g*g| 7o4 1 214 
13»44;to,13 6ol + 55 abs/?/;cntdo positrons 
14,ll±o,15 611 + 58 
14,87+0,1? 695 + 64 Bormann68 
15,52+o,17 679 ± 64 

7.1 14,7 59? + 35 Minetti68 abs/?/;cntd.2ookeV gammas 
with branch.r.-loo %/ICCo,i; 

.... ....... «a»o......*»..........>Q«»a»«*o9«o. ».»••. «a*j>.e...a«.... a.... 
o9j 14,4 +o,3 42? i 2o Lu7o to /see Zr9°/;cntd.lo3o ke¥ 

/br.r.=s99 %/ahd 1171 keV / 
br.r.=loo % / gammas 

.«....a.«*ae.«e<>Oo.«a..o*.a.....D...**.«»o««....a.«»».o..»».«oa.«».a««.. 
I 13,4o+o,2o lo77 + 54 arbitrarily normalized! 

13,52+o,15 I098 + 55 counted gammas 
13,69+o,lo 1114 + 56 
14,ol+o,lo II06 ± 55 
Itlll&ll li7d I p v ^stwoodSl 
14,5o+o,2o 1309 I 65 
14,68+o,26 126O ± 63 
14,81+0,31 129? + 65 
14,93+0,56 1214 ± 61 

a..ao.»e.««*<><>....o....«vo((0o«(».*«*.«»ao«oeoa.a»oo.o»««».e.«a»oo>«o»..* 



69 

Antimony 

Sb123/m+g/ 
51 

Ref* Energy/MeV/ Cross Sec/mb/ Identify Comments 
ill] 14,5 to,35 

i 9 r " i i ; 3 * i o ; r 

1245 ± 312 
1706 ± loo 

Paul53 
Kharana59 

abs •;stat <»e o; counted betas 
to Fe^/n,p/llo mb; 

KhuranaSl to Fe^/n,p/126 mb;accord*t 
[5] sitfs renormd* KhUrana59 

\39] 14,8 +0,5 195o ± 2oo 
- 15]' 

Mangal63 to Al^/i^p/83+6 mt^measd^Trr4^ 
=0,52±o,06 ,too.; 

* [5] 14,3 lol3±12 for T" 

© ® • 

\56] 
14,7 ±o,3 127o ± 50 

> • * 

Coikai68 to Cub-Vn2n/54o mb; cntd»p, 

13,44±o,13 
14,11+0,15 
14,87±o,17 
15,52+o,17 

• o 0 o » o © 
+ 1 1247 ± 132 

1263 ± 135 
1277 ± 137 
1358 ± 149 

abs»;detected betas; 
Bormaim68 7*7?t W 8 S f 0 U n 

at 14,ll±o,15 MeV; 
• » • © • 

[87] 14,7 228o + 2oo Minetti68 abs/?/;detected 560 keV it 
/br »r0=66,4%/; for <5^=686+60 
mb fnd •, cnt d«66ke Vv/brl 00%, 
ICC0=0,76/; 

\lo9] 14,4 +0,3 1542 80 Lu7o to /see Zr^°/;cntd«564 keV^,br«r» 
=66 % and 696 keV<fs br.r=:3,4 %; 

\6] l3,4o+o,2o 
19} 13,52±o,15 

13,69±o,lo 
14,ol±o,lo 
14 
14, 31±o,13 
14,5o±o,2o 
14,68+0,26 
14,81+o,31 
14,93±o,36 

1145 t 
1161 ± 
1269 ± 
1279 t 
1335 ± 
1263 i 
1343 ± 
1256 + 
1281 ± 
1194 ± 

57 
58 
63 
64 
67 
63 
67 63 
64 
60 

arbitrarily normalized! /thi; 
remark w a s not cited in ]_9j » 
where the same values were 
found with slight rounding/ 

/! /P!restwood61 

• o • 9 • 



70 
Tellurium 

m 120 
52 

Ref. Energy/Me V/ Cross Sec/mb/ Identify Comments 
for the 16 h Te 1 1 9 s 

[921 14,8 ± o,2 685 t loo Husain68 to Al27/n^/114 mbjcntd. 
645 keV-^with br»ro=:85 % 
tot»e.except decay scheme e 

for the 4,7 d Te11^31 
[92] 14,8 1 o,2 555 £ 85 Husain68 to /see at Te1196/;cntd. 

1221 keV^vjith br»r.=67 %\ 

$ 2Te 1 2 2 

for the I? d Te121S 
[92] 14,8 £ o,2 75o £ loo Ilusain68 to /see Te120/;cntd.575 keV 

^fwith br«r«=8o %;results 
with natural and enriched 
samples were in good agreem 

[lo9l ° 14 *,4 * £ * o • 3 725*±"*4o Lu7o ° t o * /see * Zr^6/; cntd *.573 * kevV* with" * br.r=81 % /ICCsO /; 

for the 15o d Te 1 2 1 m 

[92] 14,8 £ o,2 53o £ 80 Husain68 to /see Te120/?cntd.212 keVV", * 
br«r=?/ICC=o,o72/isee also^f; 

Vlo9] 14,4 £ 0,5 89o £ loo Lu7o to /see Zr9°/icntd.212 keVjftbr. 
r=9o % /ICC.=o,o84 /; 

T e 124m 

Vld9l 14,4 £ 0,3 98o ± loo Lu7o to /see Zr9°/;cntd. 159 keV >f,br.r.: 
=1dq jS/ICC=o,19/i (T contains the 
Te1<-^/n,n*/process ,too; 



Tellurium 71 

• To128 
52 

Ref® Energy/MeV/ Gross Sec/mb/ Identif® Comments 
for the 9,3 h Te12^J 

111] 14,5 ± o,35 779 ± 234 Paul53 abs.; s t at. e.;cntd. bet as 

193] 14,8 ± 0,3 238 ± 36 I>iajuindar63 to Al2'/n,p/77±8 mb;cntd«695keV 
L J /bror=99 %/and 2?o keV/br#r=l%/ 

betas;runs with differently en«-
riched samples:224, 244, 26o and 
2.21, 238 mb were obtained; 

p • • 9 • 
[50] 

0 0 • • 0 < 
14,7 

> 0 0 0 « « <» 
± o,2 

0 • « <J * 0 • « 0 0 < 
14,8 

• © « 0 0 0 a 
t o,2 

0 e 0 ® ® 
[lo9j 14,4 

0 a O 0 0 « • 
± 0,3 

0 0 ® 0 • 
{lo9l 

* * O ft « 
14,4 

> • 0 # » • • 
± 0,3 0 0 9 e • 

126 6 9 9 e • « 
O • 0 0 * 4 
14,8 i 1 « 8 » c 

>. •. 0 0 0 
* o,5 

c. 

64o ± 23 Bonazzola64 abs<»; cntd«. 695 keV/3 ,br«rsloo %\ 
from the 23,^7syst ® ,16 mb stut« 

76o ± loo Husain68 to /see Te12o/;cntd« 42o ,bi 
r=o,83%;enriched s ample; 

712 ± 6o Lu?'o to /see Zr9°/?cntd. 417 keV ̂  ,br<»r= 
=o?83 % /ICC=0/; 

e Mo92to/: 

-PO 
52®® 

for the 67 m Te129-S 
[11] |92] 14*5 ± o,35 599 ± 12o Paul53 abs.;s#tr.e*;cntd* ft sff^in ref= 
\93] 14,8 ± 0,3 225 ± 28 Ma1umdar63 to /see Te128/;cntd.bet as; 
feo] 14,2 ± o,2 21o ± 46 Brsosko65 to Fe5t>/ii,p/124±12 mb; 
\5o] 14,7 ± o,2 58o ± 2? Bonazzola64 abs« ;cntd»3ookeWbr«r=lo%/?i7ao 

/4%/ ,99o/15%/and 1453 ke¥/?i?S/ 
betas ;14systo ,23mb stat .e»in2?ti 

[92] 14,8 ± o,2 435 ± 50 Husain68 to/see Te12°/;cntd.46okeV;f,br 
I.I09]. 14,4 ± o,3 57o ± 3o Lu?o to /see Zr9°/;cntd. 46o kcV.r,br.r= 

=8,3#and 48?keV^tbr.r=l,5WI0Cfe=o/; 
ti€ * * IV.tf'+' 'off' *' *Q6d Tfefeteffifc? W 7 s W W o W A * AC.U J.T i, W®^ WvV „. Xl£«3cUJt/Ck UU / B W auww/ « 

for the 33 d Te125ci 

[93] 14,8 ± 0,3 528 ± loo Maoumdar63 to /see Te128/|cntd»b 
[9o] 14,2 t o,2 247 ± 74 Brzosko65 to Fe56/nsP/i24±12 mb 
[92] 14,8 ± o,2 241 ± 30 Husain68 to/see Tel2o/;cntd«lo6keVfgbm'=64JS 
9 . . a '•«o«o...oc...®..o.*o«*i»o.»®«.»s>»o.o»»eo«. *».».«»»«.. o. •p.®. »«»o»oeoi 
Uo9j 14,4 ± o,3 885 ± 45 Lu?o to/see Zr9°/;Cntd.46o/6%/,487/1.12%/ 

and 696 keV gammas /branchor=3»;TCCl 



72 

Iodine 

T12? 
5 3 x 

Ref. Bnergy/MeV/ Cross Sec/mb/ Identif* Comments 
111] 14,5 + o,35 1120 t 392 Paul53 abs. ;stat «e« ;cntd. betas 
[5] [9] 1 3 , 1 
L8j 14,1 

15,6 
lloo 
1300 ± 
1320 

80 Martin53 
abs . ; cntd.betas ;estimated 
tot.err.;the first and last 
values were taken f curve ±1^] 

teJ [9] 13,2 
[33] 14,1 

15,2 
...«•••••»< 

+ 
+ + 
MM 

• * < 

o , 3 
o,4 
0,4 

1210 + 130 
1320 ± llo 
1290 ± 120 

Bormann62 
to A i 2 ? / n ^ / i o 7 ± 5 mb at^'il 
MeV; cntd. 386 keV;^ ; first and 
last data are from curve 

\62] 14,8 + o,2 1660 t 7 o Barrall69 abs a; cntd.386 keV /with c*34 
T/decay;twice standjdev. 
/14o mb/given;see In1-1?; 

[lo9j 14,4 o , 3 1649 •f mmt 80 Lu7o to /see Zr^5/;cntd. 386 keV 
j,br.r.=34 % /ICC.=o,ol9/; 



73 
Xenon 

Xe124 
54AG 

Ref. Energy/MeV/ Cross Sec/mb/ Identif* Comments 
[70] 14,4+0,3 113o+llo Kondaiah68 to Xe156/n,2n/17oo+loo mb;cntd~ 

149 keV^with o,6925(;>r+ej/decay, 
ICC.-o,4643;err-contains stat.and 
syst.e» except monitor cross sec*, 
ICCo, half-life,branching ratios; 

s X 2 6 

for the 17 h Xe125g + the 55 s Xe125® 
7o] 14,4+o,3 1355+165 Kondaiah68 to /see Xe124/;cntd. 187 keY y 
" J with o,625i^/decav,ICC.=0,137; 

for errors see Xei2^; 

for the 55 s Xe125m 
[7o~j 14,4±o,3 7oo+2oo Kondaiah68 to Xelc-8/n,2n/a84ol65 mb;cntd.Ill 

ke V̂ -with 1,00 (<y>ej/decay ,ICC 0 =0 
for errors see Xe124"; 

x 128 
54 

f o r the 36 d Xe12?S + the 75 s Xe12?m 

[7o| 14,4to,3 153o+17o Kondaiah68 to /see Xe124/;cntd.2o3 keV^-with 
o,7475 (r+ey decay, ICC »:=o,o93 end 
375keV^ witfcfo ,22o9fy+e/decaj, ICC . 
=0,ol4;for errors see Xe12^; 

for the 75 s Xe12?m 

[7o] 14,4+o,3 ' 84o+ 65 Kondaiah68 to Si2Q/n,p/252+i5 mb;cntd.l25keV 
£ with 1,00/^+e/deCay,ICC»s:0,4456 
and I75ke7ft 1, ootf+e/decay, ICC=3£3 

v 13am 
54 

ly°j ^ ^ l o ^ 14351130 Eondaiah68 to /see Xe124/;cntd. 197 keY vwith 
1,o |f+e)/decay,ICC«=16,24; 



74 Xenon 
ye132m 

Ref o Energy/Lie 7/ Cross Sec/mb/ Identif. Comments 
Y?ol 14,4+0,3 775± 65 Kondaiali68 to Xe^/see Xe12Vand to Xe128 

/n,2n/m+Sl53o+17o mb;cntdpl64kei; 
j with 1 ,oo (^+ej/decay,ICCrs46,8Ij 

for the 5,3 d X e 1 ^ + the 2,3 d Xe155m 

tool 14,4+o,3 236o±24o Xondaiah68 to Xe128/n,2n/Bl+s153o±17o mb;cnt 
81 keV^-with o,999 (/-s-ej/decay*,-
ICC.j&l,8jfor errors see Xe12b; 

[lo9| 14,4+o,3 1698±17o Lu7o probably a revised value of Kondaiah6S 
c15>«j uo9] and [7of were written by /partially/ 
If̂ 'J the same authors, [lo9f presents the sam 

values as [7o | except Xe 1^; 

for the 2,3 d Xe155m 

|7o] 14,4to,3 665+ 8o Kondaiah68 to /see Xe124/| cntd*233 keV^ 
with l,o (if+e)Alecay,ICC.:=6,38; 

for the 9,1 h Xe^35S + the 16 m Ze135m 
[7ol 14,4+0,3 17oo+loo Kondaiah68 to Al27/n.c*/114i6 mb;cntdo25o ke 

2 with o,97 i/+e/decay,ICC«=o,o62 

for the 16 m Xe155m 

[7ol 14,4±o,3 75o£ 50 Kondaiah68 to Al27/n,p/68t8 mbjcntd. 527 ke 
1 £ with £,00 (<jf'+eydecay,ICC • =0,25' 



75 
Cesium 

55
v 

Bef. Energy/Me'V/ Cross Sec/mb/ Identif. Comments 
LS.fe]̂ 7j 14,1 155o t 2?o MuozerGl to Al27/n,a/116 mb;tot .err. 
[78]J?] 14,1+0,1 7o4 + 14o PollehnGl to Li6/n,t/25,8 mb; error 

estimated here after [_9] 
l5l [9] 13,2+0,3 12oo ±llo to A1 vnpt/118 mb at 14,1 
[33] 14,l+o,l 1289 + 13o Bormann62 MeV;first and last data frai 

16,o±o,4 114o + loo curves cntd.670 keVrf-\ i 
k7] 14,2+0,2 2018 t 182 to Pe:?b/n,p/118+8 and Cu65/n 2n/ 

" 14,6+0,2 1398 + I60 92o±8o mb at 14,2 MeV;to Fe56/np/ 
112+8 and Cu6Vn2n/97o+8omb sfcl̂ Bfe 

]lo9j 14,4lo,3 1542 + 75 Lu7o to /see Zryo/;cntd.668 keY 
^•,br.r=97,8 % /ICC=o/; 

\lo9] 1625 ± 135 cited in [log] for the 14-15 
~ MeY region without name 



Barium 
76 

56 B a l 3° 
Kef. Energy/Me'7/ Cross Sec/mb/ Identif • Comments 

Ll 097 14,4+0,3 1371 ~ 7o /!/ Lu7o together with the Ba ^®/n,np/processi 
to /see Zr^o/jmeasdoCs^^decayjcntd* 
572 k@¥ ,br»r=56 %/ICC=o,o5/ and 411 
keVr»br#r.=24 %/ICC<>=o,o2/; 

Ba152 
56 

Llo9] 14,4±o,3 1574 ± loo Lu?o to /see Zr9°/;cntd<> 496 keV^, br. 
r.=48,6 % /ICC.=o,ol3/» 

5 6 * ^ 
14,8±0,8 94o ± 80 Wille6o to Cu6^/n,2n/519 and Cu6^/n,2n/ 

lo2o mb; counted betas; 
llo9i 14,4+0,3 783 * 56 Lu7o to /see Zr9°/| cntd* 276 keV 

br«r*loo % /ICC.=4,7/; 0 

p 136m 

m 14,8+0,8 700 ± 80 Wille6o to /see Bal24ia/; counted betas; 
[lo9] 14,4+0,3 1149 + 80 /!/ Lu?o together - with the B a ^ 5 / n , n ' / p r o -

cess! to /see Zr9o/;cntd.268 keV , 
bror»=loo % /ICC.=5,25 /; 

Ba138m 5^ 
[95] 14,8+0,8 125o + loo Wille6o to /see Ba1^"131/;counted betas; 
194] 14,o+o,2 lo2o + 7o Cuzzocrea67 to Cu63/n,2n/469tlo and Cu^5 

/n,2n/919±3o mb;cntd. betas; 



77 

Cerium 
rn136 

58 
Refo Energy/MeV/ Cross See/mb/ Identif. Comments 
lo9j 14,4+o,3 1318 ± 9o Lu7o to /see Zr^o/;cntd.265 keVS, 

br*r.=A7,4 % /ICC.=o,o69 /; 

58 Ce 
138m 

}lo9] 14,4+0,3 958 ± loo Lu?o to /see Zr9°/;cntd, 255 keV^, 
br.r<>=99,4 % /ICC.=8,1/; 

c*c*o*«ooe> # • « * a c o o » a • • » ® # • « «» • • o o • o e 

,-.14-0 
58° 

for the 14o d C e 1 ^ + the 55 s Ce159111 
;95]j91 14 f 8+0,8 3000 ± 4oo Wille6o to /see B a 1 ^ / ; 

14,7 138o Anonymus62 cited in [8]without name 
196] 14,8 I600 ± 14o Csikii67 to Pr141/^,?/!!^ mb; cntd. 
171 166 keV gamma; 
[94] 14,0+0s2 322o * 32o Cuzsocrea67 to /see Ba1^ /;given 

=228o±2oo mb;this is -rU in fadt • 
9 • O 9 C » * • « © 9 9 P 9 9 9 9 9 © O 9 9 © « AO « 9 9 * O 9 0 9 » 9 © 9 « 9 « 9 9 0 9 * 9 9 9 

197] 14,7±o,15 1740 + loo Dilg68 to AlcV/n,o/lll,5±2 mb, 
• •©•*9OI>O90O99909©9!3>0&©#9999990C99999*9»9?e0«>9*<»09«9909090999e9909090#a00* 
[56] l3,51io,22 1743 ± 122 abso;cntd. intesr.gamma spectr. 

14,10+0,2.7 1804 ± I05 v . 0 ^ n n G Q from 12,94 up to 19,56 MeV; 
14,88+o,31 1823 t 128 ^'Ormannbb 
15,62±o,33 1982 t 139 

©•®OO**>##«*OO&O0<»9©990OO«99090990CO©«O©0©99©OO0OQ99*O©99eO9900«i999t»909<»e6O 
llo9] 14,4+o,3 1593 ± 13o Lu7o to /see Zr9°/»cntd. 165 keV/, 

br«ro=loo % /ICC.=0,24 /; 0 
O0#»©Q©©«*9©0*»e9«©*»«»|3>»*9Q9»«9O09»*>909«>9e0*V9O99#*9<?9<»0e»09<»09»©«»0009©*a 



78 
Cerium 

58Ce14"0 

Kefo Energy/He¥/ Cross Sec/mb/ Identif. Comments 

for the 55 s Ce 1?^ 
[95] 14,8+o,8 12oo + 4-oo WIlleGo to/see Ba1^111/;' 
[98] [9] 14,1+0,1 1440 ± 166 Pollehn61 to Li6/n,t/25,8+l,5 mb; 
«|#*l**««O*O»fil»M««>»OI»M«)|**«0f»l»»(iO0i)*«6«««««o««OftO»*4ltO«O»f*«(»»«*«» 
[37] 14,8 1130 + 12o Prasad66 to Fe56/n,p/126 mb;tot.e.; 

O*«O<»«««*<|6»0«« » A « «a»l<)*0»0«»«t* 6 < * * * * ft J t««»«e«e © » O ft <» O • O0*(»#9OO 
[99] 14,5+o,3 87o ± 134 Menon67 to Cu6^/n,2n/497£41 mb; cntdo 

?6o keV- gemma /ICC=o, 08/; 
[94] 14,o±o,2 94o ± 25o Cuzzocroa67 to /see B a 1 ^ / ; 
[lo9| 14,4+0,3 621 ± 7o Lu7o to Si28/n,p/252±15 mb;cntd. 746 keY^,br«r=loo% /ICC=o,o8/ 

Ce142 
58 

p5] 14,8+o,8 I600 + 3oo Wille6o to /see 
\96] j7114,8 196o + 17o Csikai67 to /see ce-^o/^+S//;cntd. 145 

keV gamma; 
[97) 14,7±o,15 I860 * 17o Dilg68 to /see Ce 1 4 o / m + 6 //; 
[56] 13,51+0,22 1778 + 164 abs.;counted integr. gamma-

14,10+0,27 1695 ± lo2 "RoTminnoR -spectr.;from 12,94 up to 14,88*0,31 18o2 + 16o i5ormannoo l g 5 6 M e V . 15,62*0,33 1581 + 142 
11091 14,4+o,3 173o t 17o . Lu7o to /see Zryo/;cntd. 145 keVy, 

br.ro=70 % /ICC.=o,45/; 6 



Prase odyaiusi 
T* 141 

59 

Itef * Energy/Me?/ Cross Sec/mb/ Identif. Comments 
[ll] 14,5 *o,35 2060 + 721 Paul53 abao jstat.e.;cntd. betas; 

Ftayburn58 to Cu^5/n,2n/5oo mb; 

[99] 13,77to,2o 1386 + 125 to Li6/n,t/28,l mb; 
[26] 19] 14,74±o,27 1591 * 143 Fergus 01x60 

LJ15,78±o,52 1737*156 
195] 14,8 ± 0 , 8 2100 ± 3oo Will060 to /see Ba^^/jcntd. betas; 

o » a 9 * a I 

[91[5] 14,4 +0 , 3 I80I + 135 3ayburn61 to Cu63/n,2n/5o3*37 mb;annih»i 
[39] 14,8 ±0,5 1378* 206 Khurana61 to Fe56/n,p/126 mb; 
'14] 14,13*0,1 124o * 74 Ccvolani62 abs0;cntd• annihilation rado ; 
|5] 12,5 157o ± 150 normalized to 1591 mb at 14,4 

13.7 169o + 16o /?/KeV;counted betas; taken 
14.05 175o * 15o Hoehler62 from curve; 
14,3 1780 ± 16o 
15,95 177o * 14o 

[5l 13 >5 l?oo + 17o counted annihilation radiatiox 
13.8 175o ± 17o taken from curve; 
14,0 19oo * 19o 
14.3 2o2o ± 2oo H'ivburn6^ 
14.6 1900 * 19o rfayDurnb; 
14.9 1930 t 19o 
15,2 I880 + 190 
15.4 l?8o * 18o 

(99] 14,5 *o,3 lo82 * 130 Menon67 to /see Ce1Aoin/; /^/total=o,53; 
[94] 14,o +o,2 *2oo2*+ 225 * Cuzzocrea67 to / s e e c n t d . ' b e t a s 

9 • • • o 
5 

\'56] 13,44+0,13 1485 * 143 abs <>; counted positrons;from 
14,ll*o,15 1614 t 159 Bormann68 l 2» 7 8 aP t o 19,42 MeV; 
14,87+o,17 1700 * 164 xiormannbo 
15,52*0,17 1787 * 172 

132] 15,o +0,5 2o5o ± loo Pet668 to Cu63/n,2n/56o+5o mb;cntd. 
y.00] annih.rado ;the llo mb error in 

]32] is a misprint; 



Neodymium 80 

Refo Energy/MeV/ Gross Sec/mb/ Identif. Comments 
for the 2,5 h Ndl41g + the 64 s Nd 1 4 1 m 

19]|BJ 14 24So + 2oo Rayburn59 to Cu63/n,2n/5oo mb; 

(95] 14,810,8 *2o6o ± 2oo Wille6o to /see B a ^ ^ / ; counted'bet as;' ° 
[9IH 14,4+0,3 2411 ± 2oo " Rayburn61 to Cu^/n, 2n/5 o3±37 * mb; cntd. ann 
\5I 14,7 165o + 165 Grissom66 to Cu6^/n,2n/61o mb;cntd.760 keV • 
[99] tf ,K~capture X-rays and anno rad. 
[94J 14,0+0,2 153o±19o for y Cuzsocrea67 to /see Ba1^8®/; 
©0»0©©©©C©9*0©*©90*«©*©00e0©0e99099*©90999C»<*90©©#9ft9»©©*00«0**99C>*©<>9©©*«>0© 
[97] 14,7+0,15 164o t 12o Dilg68 to Al2?/n,-*/lll,5±2 mb; 
©*9©©©©9©9©O00©«i©09099*90090e900<>©00«9«O9e>0©990009900©©?*9©9«9090«0«?09©»000© 
[4] 14,2^0,2 1447iL21o for Cfr Prasad69 to Al27/n,o</115±5 mb*» 

for the 64 s Nd141331 
[99] 14,5 755 Xotaaima6o 
[5] 14,6 545 + 60 Broadhead65 to Sl2d/n$p/243£22mb; 

# © 0 © © » # O © 9 O 9 e 9 0 © ' 0 O $ * . i 9 « 0 « © 0 « 0 0 9 9 0 « 0 0 9 9 0 9 9 © « > 9 0 9 © 9 * 9 0 « * > 9 # 0 0 © 9 « 9 » 9 0 © 0 » 0 0 © « > © 0 9 0 0 
[5] 14,7 0 , 6 8 9 + 0 , 0 6 9 for{f?(j4Orissom66 to/see above/; 
«#&©©*©©*©«©©*#»o©0«0©90«*9©ft0©««0e©e«9*«S0ft«*9O9ft9*9$e©00»000C©©»0909es90* 

[99] 14,5+o,3 673 i 66 Menon67 to Cu63/n?2n/497±41 mb; 
[94] 14,o+o,2 7o9 ± 64 Cuszocroa67 to /see Ba1^8111/; 
4̂] 14,2+0,2 628 ± 63 Prasad69 to /see above/; > 

60® 1" 8 

[95] 14,8*0,8 216o i 200 WilleSo to /see Ba^'Vicntd. betas 
[4] 14,2±o,2 1626 + 200 Prasad69 to Al2?/n,^/115+5 mb; 

f * 
©«©•*©• • ®©©*9©®0O0»®9©#<&©ft»«*0«90©9090©900#000©©©0©©«©<!»®0©©9909900e'»»»»©'»©9 y 

it©*®*©©*©©***©®*©*©*©©*©©©®©©©®**©©©**®©©© 9 

6 q M 1 5 0 

[95] 14,8+0,8 22oo + 300 Wille6o to /see Ba^m/j^td. betas; 
© © © • • • • * 9 « © © 0 0 © « ® 0 0 O 9 e » » * « e 0 0 # » « 9 9 0 0 0 05 9 i>©OCiOa©»»»909#jB J0 ft® 9 © » ® 9 © a © © © © © * © © © * * 

[99] 14,5+0,3 1728 ± 276 Menon6? to /see Nd14<2V; 



81 Samarium 

6 2 ° m 
rlWm+g/ 

Refe Energy/MeV/ Cross Sec/mb/ Identif» Comments 
[lol] 14,8 ±o,9 12oo ± 3oo WilleGo to Cu65/n,2n/519 mb; 

•4v [99J 748 for (T™ KotajimaGo 

[8j|5? 14,7 167o + 400 Alford63 to Cu6Vn,2n/61o mb;cntd. ann.r. 
by 7oo keV/of Sm143mi 

1 4 , 4 
14,9 
15,2 

1484 ± 120 Rayburn61 
167o + "V 4 00 Alford63 

1260 ± 130 
154o ± 15o 
151o ± 15o Rayburn63 
157o ± 17o 
I670 ± 17o 

« ® 0 

» 
S 6 9 ® (t 

[5] 1 3 , 8 l26o ± I30 taken from curve in [5l » counted 
14,1 154o ± 15o annihilation radiation; 

[5j 14,6 4oo±44 for Broadiiead65 to/see Kd142m/;cntd» 7oo keVy; 
[99] 14,5 ±0,3 765±15o for (Tfr Mcnon67 to /see Nd142m/; (i4/tot also,467 

=ojo"-=687±71 mb,G'/y =0,091 ; 

[94] 14,o ±o,2 1 o55±13o for Cuzzocrea67 to/see Ba1^/;cr~=285*155 mb; 
[7] 13,8 16oo + 24o Csikai68 to Cu65/n,2n/488 mb at 14,1 MeV; 
[56] 13,44+0,13 I08I + 106 ' abs.; from 12,78 to 19,42 MeV ; 

14,ll±o,15 1371 ± 137 Borm^rmeS 14,87±o,17 1629 ± 16o ^ormannba 
15,52+o,17 1637 ± 16o 

[4] 14,2 ±o,2 761±lo7 for <r f Prasad69 to/see Hdl48/;$--=554+55 mb; 

Sm154 
62 

[ll] 14,5 ±o,35 -225 £ 9o Paul53 abs*.;counted betas;maybe this 
value is a misprint as remarked 
in [lolj,and the" correct value is 
225o mb,which is in [9] ,too; 

[lol] 14,8 ±0,9 1500 + 300 Wille58 to Cu.63/n,2n/519 mb; 



82 

Europium 
^ 151m 

63hu 

Ref. Energy/MeV/ Cross Sec/mb/ Identify Comments 
[95] 14,8±ot8 5oo + 2oo WilleSo to /see Ba^m/-
[59] 14,8+o,5 64o + 64 Khurana61* 'to Fe^/n^p/126*mb; 

14,8±o,2 48o + 63 Spenke64 to ii^/n^/Il6*mb"i*7*%;err 
does not include monitor err-

153m 
63 

for the 9,3 h Eu152ml 
[95] 14,8+o,8 75o + 2oo WilleSo 
[39] 14, 8fco, 5 164 ± 25 * Khurana61 
[4]* 14,2±ot2 ° 652 ± 9o* Prasad69 

to/see Ba154m/;perhaps 
to*Fe^/nlp/126 mb;" 

« . * 

to*Al^/n,oi/115i5 mb; 

for the 96 m Eu152m2 
[4] 14,2+o,2 91 ± 12 Prasad69 to Al27/n,of/115±5 mb; 



33 

Gadolinium 

Gd154 
64 c 

Hefc Energy/MeY/ Cross Sec/mb/ Identif. Comments 

[97] 14,7±o,15 1355 ± 14o Dilg68 to Al 2?/n,<Vlll,5±2 mb; 

Gd16° 

M 14,5+ 0 ,35 147o + 8o9 Paul53 abs o ;stat <>e» jcntdcbetas^ 

[951 14,8±o,8 145o 3oo Wille6o to /see B a x > m / i 

[59] 14,8+0,5 1725 t 172 Khurana61 to Pe56/ n >p/126 mb; 

W 14,2+0,2 1675 ± 16o Prasad69 to A l ^ / n ,2n/l15*5 mb; 



84 
T e r b i u m 

Ref* Energy/MeV/ Gross Sec/mb/ I d e n t i f y Comments 

16o i 19 Broadhead65 t o S±2^/n 1 p/2^±22 mb;cntdo 
111 k e V y a n d 44 keV X - r a y ; 

125o ± 3oo B r a s a d 6 6 t o F e 5 6 M t p / l 2 6 mb; 

[5] 1 4 , 6 

[37]*° 

j 4 ] 1 4 , 2+0 , 2 524 + 7o P r a s a d 6 9 t o Al27/n,0^/115+5 mb; 



Dysprosium 

Refo Snergy/MeV/ Cross Sec/mb/ Identif® Comments 
[971 14,7 ± o,15 2ol5 £ 12o Di 1,̂ 68 to Al27/n,<v:/lll,5±2 mb?count 
L ed K X-rays after electron 

capture ; 



86 

Holmium 

Ho 165 
67 

B e f . Energy/Me'V/ Cros s Sec/mb/ I d e n t i f . Comments 

for the 24 m Ho164"6 + the 39 m l l o m m 

[39] 14,8 ±o,3 21oo ± 21 o Khurana61 to Fe5&/n,p/126 mb; cntd .beta 
[5o] 1 4 , 7 ±o,2 276o 55 Bonazzo l a64 a b s c n t d . o , 9 /15 %/and o„9S 

MeV /25 %/bet a s ; 44 mb s t a -
t i s t i c a l and 33 mb s y s t e m a -
t i c e r r o r f rom t h e t o t a l / 5 5 / 

[97] [1] 14,o 
[97] 

178o t 14o 

211o ± 300 

S e t h i 6 6 e n e r g y t a k e n from c u r v e i n (lj-

D i l g 6 8 t o / s e e Dyl6o/ ;cntd.X-rays; 
a 9 9 • ® 

f o r t h e 39 m H o 1 6 4 m 

[97] [ l ] 1 4 , o I050 ± l o o S e t h i 6 6 e n e r g y t a k e n from c u r v e i n [I]. 

[ l ] 13,5 ±o ,47 I005 ± 1 4 2 " t o ' / s e e N a ^ / S 
14,96+0,87 I050 ± 1 1 7 Menlove6? 
15 ,82±o , 4 5 10/4-7 ± 117 

[97] 1 4 , 7 ±o,15 II80 ± 17o Dilg68 t o / s e e D y l S o / ; c n t d . X - r a y s ; 

[56] 1 3 , 4 2 ± o , 1 6 1701 ± 192 a b s . ; c o u n t e d b e t a s ; f r o m 1 2 , 7 5 
1 4 , l o ± o , 1 8 1782 ± 2o4 Bormann68 up t o 1 9 , 4 ? MeV;perhaps w i t h 
1 5 , 5 2 ± o , 2 1 1599 ± 18o c o n t r i b u t i o n of t r ^ ? 



87 

Y t t e r b i u m 

,,162 
68** 

Eefo Energy/MeV/ Cross Sec/mb/ Identif. Comments 
[4] 14,2io,2 187o ± 3oo Prasad69 to Al27/n,^'/115±5 mb; 

[951 14,8±o,8 looo ± 4oo Wille6o to /see B a 1 ^ / ; 

[97] 14,7*of15 1965 t 115 Dilg68 to /see Dy*&°/;cntd. X-rays; 

„ 168m 
68^ 

[5] 14 ,6 19o ± 24 Broadhead65 to /see Tb^^^cntd^oS keV 
and 44 keV X-rays; 

[37] 14 ,8 69o + i i o Prasad66 to*Pe^/n[p/126 mb; 

[95] 14,8±o,8 12oo ± 5oo V/ille6o to /see Ba1^111/* 
[53] 14,8±o,2 1895°* "l55 Spenke64 to*M^/n^il6i8*mb;mo^tor 

error is not included in the 
133 mb error; 



Thulium 

,169 
69 tTm 

88 

Hef < Snergy/MeV/ Gross 3ec/mb/ I d e n t i f -

1 2 , 3 
1 3 , o 
13,83 

93o ± 35o 
92o ± 37o 

14,3 
97o - 4oo 

1 4 , 7 i o , 1 5 

+ 

l o3o i o o * * • • 
2ooo ± 115 

4oo • • • O 0 • 

Comments 

counted gammas i t s k e n from 
Tewes6o c u r v e i n [ 5 f ; from 9 , 9 MeV; 

9 9 O O O 9 
Di l g68 A l ^ / n , o i / l l l , 5 + 2 mb;counted 

K X- r a y s a f t e r e l e c t r o n 
c a p t u r e ; 
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Y t t e r b i u m 

Yb 1 7 0 
7o 

Ref • Energy/^eV/ Cross Sec/mb/ Identify Comments 

[97l 14,7±o,15 2o8o ± l l o Dilg68 to Al27/n^/lll,5±2 mb; 
counted K X-rays after 
electron canture 

[95] 14,8to,8 43o ± loo Wiile6o to /see Ba^^Vjcntd* betas; 

159] 14,8£o,5 786 + 80 Khurana61 to Fe^/n,p/126 mb;cntd.p ; 
153] 14,8+0,2 I8I0 + 13o Spenke64 to Al2'r/nJl/116±8 mb;the err 

does not Include the 7 % 
monitor error;cntd« betas; 



Lutecium 
90 

71 LU' 
175 

Bef# Energy/MeV/ Cross Sec/mb/ Identif. Comments 
for tiie 3,6 y Lu 1?^ 

[97] 14,7 ±o,15 1285 ± 14o Dilg68 to Al27/n^/lll,5 mb*l,5 %; 
cntdo X-rays; 

for the 165 d Lu174"m 
[95] 14,8 ±o,8 16oo ± 300 Wille6o to /see Ba154m/;cntd.betas; 
^7] "* * * * *655*±* *55 iiigea' *t ̂ II^7/nJi/iii3±2,mb;see, 

comments at Ybl7o; 

V 

m 
* 
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Hafnium 

?2 H f l ? 4 

Ref • Energy/MeV/ Cross Sec/mb/ Identif* Comments 
14 860 + 60 Hi l lmann66 priv» comnu iftjf?]; 

Hf>176 
7 2 m 

[5] 14 2ooo ilooo Hillmarm66 see above 
[97] *" "l4*7"±"o|i5'*222o#±*n5* * * *Dilg68 to*Al2%J<i/iii*5t2*mbi 'see 

comments at Yb^f 

7 2Hf 1 7 9 m 

[ 3 7 ] 1 4 , 8 8 8 0 t l o o P r a s a d 6 6 t o Fe56/n,p/126 mb;half life= 
s 15 s was given; 

TT̂lSom 
72 

[37] 14,8 570 ~ 50 Prasad66 to Fe56/n,p/126 mb; 



Tantalum 92 
m 181 

73 
Ref. Energy/MeV/ Cross Sec/mb/ Identif. Comments 

m + s * /nonactivat ion methods/ 
[9][5] 14,1 18oo t 3oo Rosen57 nuclear emulslonj%>ot5 MeV; dft ; 
[5][28] 14,1 256o + 19o Ashby58 liquid scint.tank;first 2&bo±2oo mb 

was given,renormlzd.later by auths«|5j» 

18om 

M 

M M 

[6] 

14,5 +o,35 

for the 8,1 h Ta" 
867 t 217 Paul53 

0 00«06«e0.».».. .... *«.»..« 
14,8 to,8 2740 t 30 

O. »»••<}. *oco 
15,52±o,l5 
13,88+0,lo 
14,o9to,lo 
14,31+0 ,13 
14,5o±o,2o 
14,68to,26 

[56] 13,57+0,14 
14,loto,15 
14,6o+o,16 
15,o9+o,17 

[74] 13,96 J 14,ol 
14,o6 
14,11 
14,16 
14,21 
14,26 
14,31 
14,36 
14,41 
14,46 
14,51 
14,56 
14,61 
14,66 
14,71 

[31] 13,6 
J 13,7 13.8 

13.9 
14 .0 
14.1 
14.2 
14.3 14.4 
14.5 
14.6 

. 14,7 

abs«;stat.e.;counted betas 
....o*. . . . . . . . . . . . . . ..........a 

Poularikas6o to Cub^/n,2n/556 mb; 
to /see Ge7o and Ti^®/; counted 
betas j£pr errors see comments 

PrestwoodGl a t S c ; 

1126 t 56 
1118 ± 56 
1132 t 57 
1115 + 56 
1116 t 56 
I087 + 54 
1125 t 90 abs.; from 12,96 up to 18,25 
1146 ± 93 MeV; 
1157 ± 94 Bormann68 
I065 + 85 
916 ± 74 
l,ol 
l,o3 
l,oo 
1.00 
o,95 o,92 
o,97 
1.01 
o,97 
o,99 
o,97 
o,98 
o,98 
1,03 
l,oo 
o,96( 

arbitrarily normalized! 
energy errors are ̂ 0,05 MeV, 
cross section errors are ̂ 1,5 %\ 
down to 13,56 MeV; 

/ ! / Csikai66 

1,014 
l,ol3 
l,oll 
l,olo 
l,oo9 
l,oo8 
l,oo6 
l,oo5 
l,oo4 
l,oo3 
l,ool 
l.ooo 

arbitrarily normalized! 
the cross sections are accurate 
to + 1 % ; 

/ ! / Vonach68 



93 
Wolfram 

,182 
74 W 

Ref. Energy/Me1// Gross Sec/mb/ Identif. Comments 
[lo3] 14,8 

197] 

23oo t 2oo Druzhinin66 abs. and to Al27/n^./;cntd. 
136 and 152 keV ̂ ; individual 
runs:24bo±3oo and 216o+2oo mb 
abs.9238o±23o mb to Al^/n,^/ of Gordeev63 compilation; 

216o t 12o Dilg68 * * *to*Al2^/n^/iil»5l2*mb; *see 
comments at Xbl/O; 

74 W 
184m 

[37] 14,8 79o t 9o Prasad66 to Fe56/nfp/126 mb; 

74 
,„186 
VI 

for the 76 d W185S and the 1,6 m W185m 

Jlo3] 14,8 229o i 23o Druzhinin66 see above; cntd. 44o keV bet? 
individual runs:26oo±38o and 
252o±24o and 198otl7o abs., 
243,Qi22o and 235o±23o mb to 
Al^'/nftf/of Gordeev63 compil. 

[5] 14,8 
[37]*"l4l8 

for the 1,6 m 7f 
>47o 

185m 
Poularikas6o 

54o ± 80 Prasad66 to Fe^/nip/#126*mb; 



94 
Rhenium 

185 ?5He 

Ref. Energy/Lie V/ Gross Sec/mb/ Identif. Comments 
for the $8 d Re184"s 

J5] 14,1 191o + 600 Karam62 to Au197/n,2n/m1722±465 ab scatty 
Tlo4] 1 4 >8 ± 22o Druzhinin67 individual runs:152o+23o and 

13oo+2oo abs.,143o+22o and 145o: 
±22o to Al2//n/VH7±lo mbjcntd 
895/14,8 %/and 9o4keV/44,5%/<f; 

for the 165 d Re1&m 

\5l 14,1 112o t 4oo /!/Karam62 to /see above/;2,2 d half life 
was measured /!/ 

......*0»*.o.**«*..o<>.»*oc>«.*o»*o»*»*.*e»oD**.*o*«..* o. ........ 
[lo4] 14,8 26o ± loo Drushinin67 individual runs:27o±llo and 

24o+llo abs«- 25o±loo and 27o± 
loo mb to Al^'/n, /117±lo mbicni 
r̂ see above; 15 % br.r.to W184" 

rp^rCe ^ 

[39] 14,8+0,5 1675 + 168 Khurana61 to J?e56/n,p/ 126 mb; 
[5] 14,1 144o ± 41o Karam62 to /see Re^^S/;cntd.gammas; 
\i*i 14,8* 149o + 16o Druzhinin67 individual runs :148o±15o and J 142o+13o and 162o+l?o mb abs«, 

144o+14o and 154otl4o mb to 
Al2?/n,x/117+lo mb; 



9r> 
Osmium 

-192/m+s/ 
76 

Ref « Energy/MeV/ Gross Sec/mb/ Identif. Comments 
to Fe56/nfP/See Rao67 Se 7 4 s 

and Al27/n,ce/m+6 mb.cntdo 
129 keV^f* o,258 gVdecayi 

[118] 14,4 ±o,4 1993 ± 2oo Hankla72 

0 



Iridium 
96 

Ir 191 
77 

Ref. 3nergy/MeV/ Cross Sec/mb/ Identif. Comments 
for the II d Ir^og 

[97] 14,7 t 0,15 1730 ± 135 Dilg68 to Al27/n,QynL5mb+l15 %\ 
see comments at Yb-wO; 

for the 3,1 h Ir19oml 
* 0 , 5 3 6 7 ~ 5 5 KhuranaGl to Fe56/n,p/ 12s mbjcntd*fh ; 



97 Platinum 

Pfe192 78 

Ref. 3nergy/MeV/ Cross Sec/mb/ Identif. Comments 
[118] 14,4 ±o,4 2o35 ± 15o Hankla72 to /see Os192/;cntd. 457 keV 

gamma /o,o21 ̂ f per decay/; 

[118] 14,4 + o,4 46o + 55 Hankla72 to /see Osl92/;Cntd. 99 keV 0,115 jT/decay; together 
with the Pt-^Vnjn*/process i 

for the 2o h Ptx97g + the 1,5 h Pb197m 
[11][5] 14,5+o,35 277o±1524 for <y3/?/ Paul53 abs«;counted betas 
[5if[ll8] *14^8* * ° * * "3430°±°343 Mangal65°" *to*Al5?/n^p/;cntd* 'gammas; 
£L18] *#"2.4^4* +'o^4* ° 1716*+'i?o Hankla72* * *to %/se^6s;cntdI* 191 *ie? 

ft » 0,050 ef/decay; 

for the 1,5 h Pb197m 

Kfr18] 1 4> 8 n 5 ° ± 113 Mangal65 to Al27/n,p/;cntd. gammas; 
|118J ** ,14^4°±*o,4* 'loo9 V i o o " * * #Hankla72* *to*/see*Os^2/;cntdI *297*keV 

/o,o27 2f per decay/and 346keV 
/o,124^per decay/ gammas; 



Gold 
98 

Au 1 9 7 

Ref. Energy/MeV/ Gross Sec/mb/ Identif. Comments 
for the 6,2 d 

[11] 14,5+0 ,35 

A u W S + the 
1722 ± 465 

9 , 7 h Au^96m 
Paul53 abs.;counted betas; , 

[5][28] 14,1 252o + 19o Ashby58 abs.;nonactivation!;renorma-
l ized in[5]by the authors; 

pLo5] 14 I 8 0 0 ± - 5 0 0 Bak6o abs/?/; 

[9] [5] 13,9 
J L J 14,0 

14,1 
14,6 
15,1 

196o 
19oo + 4oo 
2110 
2o9o 
211o + 4oo 

Tewes6o 
counted gammas; the errors 
are taken from curve in [5] ; 

Vlo6l 14,1+0,6 122o+2o£<r*183o+3o Graves55 abs o ;nonactivation! ;multipli-
c at ion of neutrons in a thin 
spherical shell; 

Ti^/jfor' TG ~T 13,4o+o, 2o 233o 
1 A 13,69+o,lo 2369 

14,ol+o,lo 24o3 
14,31+0,13 242o 
14,3o+o,2o 2403 
14,81+0,31 2336 

± 117 
± 118 
+ 12o 
+ 121 
* 12o 
+ 118 

to /see Ge?°, 
errors see ScZl"5; 

Prestwood61 

[5] 14,8 17oo ± 15o Mangal65 

[97] * 0i4j7*ito^l5* * ° '^^o'i'lSo* * * *Dilg68* 

to Al^/n,p/; counted gammas; 
taken from curve ;195ox25 mb 
was given in [118] for this miie 
to li^/nji/ilij^^b^ee 
also comments at Yb1 

[31] 14,7 2100 i 14o 
14,6 21oo*o,999 
14,5 .0,998 
14,4 •o,997 
14,3 .0,996 
14,2 .6*995 14,1 .0,995 
14,0 •0,994 
13,9 .0,993 
13,8 .05,992 
13,7 .o,991 
13,6 .o,99o 

[I07] 14,4 +0,3 1986 + 200 

[118] 14,4 to ,4 1986 t 15o 

to Al^/n,al/lll,5±2 mb; 
see comments at Ag10'; maybe 
this value is not indepen-
dent from Bilg68 

Vonach68 

'nahk:la68* * #to*l4^/n*p/loo+6°mb"and*Ai27 
/n,o£/il4+6 mb;it*s same as; 

Hankla72 to /see Os1?2/ ;cntd.356 keV 
/o,87o$ per decay/and 423 keV 
/o,068^ per decay/ gammas; 



99 
Gold 

VgAu1?7 

Ref. Energy/MeV/ Gross Sec/mb/ Identif. Comments 
for the 9,7 h Au 1 9 6 m 

f9]fel 13,9 165 ' counted gammas; the errors L ifr 14,o 165 ± 4o are taken from curve in[5j 
14,1 195 Tewes6o 
14,6 21o 
15,1 195 ± 4o 

[6] ' " " i v l o + o ^ o ' ^ l i s j s V ^ to "/see ' f o r * * 
13,69±o,lo 128,1 ± 6,4 errors see Sc45; 14,olio,lo 154,3 ± 6,7 B?estwood61 14,31±o,13 137,1 ± 6,9 -crestwoodbJ. 
14,5o±o,2o 142,1 ± 7,1 
14,81±o,31 145,1 * 7,3 

[5j[97] 14^8 " * 23o*i*35° ° * * * #Mangal65° * to"il^/n^p/;coated*gammas; 
[118]cites ±15 mb for error; 

[97] *" 'l^-lv'ioll^* *148*±*15 Dilg68 to'/see'lbi?©/; 
[107] 14 *4 *±0 ̂ 3 ° °" 151" ±* i8 Hanila68 *"* to */s e e ° Au^77m+g// J s ame' as 
[118] 14,4 +o,4 151 £ 18 Hankla72 to /see Os192/;cntd. 148 keV with o,437 3f/decay; 



100 Mercury 

8 0H6 1 9 6 

Ref. Energy/MeV/ Cross Sec/mb/ Identif. Comments 
for the 9,5 h Hg 1 9 5 s 

[119] 14,l+o,5 j^lloo Temperley69 to Fe56/n.p/lo6+7 mb/845keV 
br.r*=98,8 %/;cntd«262 keV 
,branching ratios 2,2 %i 

[118] 14,4+0)4* "363 + * *54* * * *Hankla72* * * 'to'/see'os^^/jcntdl^S^'keV 
/o,070^per decay/and 600 
keV/0,058 jfper decay/gammas; 

for the 4o h Hg195m 

[119] 14,l±o,5 I060 t ?o Temperley69 to /see above/;cntd.262 keV 
gammatbr.r.s31,2 %» 

[lo?] 14,4±o,3 1446 t 174 * Rankla68 **to*/see*Au^/;it's'same as: 
[118] 14,4+o,4 1617 ± 16o Hankla72 to/see Os192/;cntd.261 keV gamma with 0,198 ^f/decay; 

BOHB198 

for the 64 h Hg197g 
[97] 14,7±o,15 234o+22o for (T"^ilg68 to /see Xb17°/; 
[1197 14,l±o,5 94o t loo Temperley69 to /see above/;cntd.191 keV ^br.rs2 ^,ICC=o,82+oso8 ; 
j~118 J*# 1 4 ^ 4 1125*+*loo* * * *Hankla72* * 'io'/see 0s^/;cntd<»191 keV L gamma with ofo995^T/decay; 

for the 24 h Hg197m 

FL197 14,l£o,5 9oo + 70 Temperley69 to /see above/;cntd• 134 keV J ^ br.r=93,5^P ?S,ICC=1,61 ; 
[lo7]**ii|iio')5* 885*i"io6#*e*Hanicia68"* #to /see AuW/;it>s same ass 
[1187 14,4+o,4 885 t 80 Hankla?2 to /see Os192/;cntd. 134 keV 

/o,356fper decay/ and 279 
keV/o,o45^fpen decay/ gammas; 



101 
Mercury 

u 2oom Hg 80 

Ref* Energy/MeV/ Cross Sec/mb/ Identif. Comments 
V [1191 14,110,5 88o + 6o Temperley69 to /see % 1 9 6 g / ; cntd.158 keY 

/br.r=loo %,ICC=o,9±o,l/ and 
375 keY /br»r=loo JS,ICC= 
= 5,45 lo,25 / gammas; 

lo7] 14,4+o,3 128 ± 2o Hankla68 to /see Au^W/;maybe same as: 
[118! 14,4*0,4 789 + 12o Hankla72 to /see Os192/;cntd.l58 keY 

gamma with o,585 ̂ /decay; 

t t 2o4 
So1^ 

[97] l4,7lo,15 23oo ± 16o Dilg68 to /see Yb1?0/; 
[I08] 15,0+0^3 223o*± 3oo **Pet068 to ^/n",2n/lolo+8o mb; 

cntd. 279 keY gammas 
[1X93 * * iiito^5* * * *2060*±#£90 Temperiey69 to'/see"Kg*J cntd^279"keY 

,br.r=sloo %,ICC=o,2262*,oal9 
[lo7] l4,4±o,3 2o77*± 25o * * Hankla68* * * *to*/see*Au^^/^t *s*same*as: 
£118} 14,4£O,4 2o77 t 166 Hankla?2 to /see Os192/;cntd»2?9 keY gamma with 0,82 ̂ f/decay; 



102 
Thallium 

81 TI 
2o3 

Ref . Energy/MeV/ Gross Sec/mb/ Identif* Comments 

M 14,8 ?"68o Poularikas6o 
[5] [9] 15 ,0 L 13,9 

14,6 
15,1 

1420 ± 28o 
1450 t 29o 
156o + 29o 
I650 + 330 

counted gammas;the 13 MeV 
value is taken from curve Tewes6o ; t h e r e a r e ffi0re p o i n t s 
down to the threshold; 

[6] [9] 13,5810,15 L L J 13,88±o,lo 
14,o9±o,lo 
14,31±o,13 
14,5o+o,2o 
14,68±o,26 

1268 + 
13o2 t 
13o2 t 
1329 i 
1321 £ 
13O5 t 

63 
65 
65 
66 
66 
65 

Prestwood61 
to /see Ge' , 
errors see Sc' 

V; for 

[I08] 15 , 0 +0,3 I680 t 21o Peto68 

[97] 14,7 ±0,15 
[120] "14^8 

2185 £ 120 
1700 + 170 

Dilg68 

to Y°Vn,2n/lolo±8o mb;cntd. 
44o keV gamma} 
to /see 

Druzhinin71 aba.;cntd.439 /95 %/and 522 
/o,l %/keV gammasj 

[lo7] 14,4 +o,3 
[118] 14,4 +0,4 

1784 + 214 
1950 £ 2oo 

Hankla68 to /see Au^^/{maybe same as: 
Hankla?2 to /see Gs192/;cntd«44o keV 

gamma with 0,908 tf/decay; 

f53] 14,8 ±o,2 199o + 28o Spenke64 to Al2?/n,c4/116 mb £ 7 %;cntd« L betas /98 %/;error is the sum 
of 7 % monitor err .and 7 % 
other errors ; 



103 

Lead 

Fb204 
82 

Ref* Energy/Me?/ Cross Sec/rab/ Identif- Comments 

[5] 12,3 
12,8 
13,o 

123o t 3oo 
133o ± 5oo 
154o t Goo 

taken from carvescounted 
TewesSo gammas?also for smaller 

energies; 
12,1 
12.3 12.4 
13,o 
15,4 

158o + 
I630 + 
152o ± 
I680 + 
175o t 

80 
loo 
120 
80 
5o 

Vaughn63 
taken from curve;errors 
statistical only; 

are 

1900 t 22o 
• « O • 
[7U08 14*,7±o)3 1575*4*160* *" *Csikai67* * t o' C&/n2n/97omb;cntd 1 

279 keV gamma; 
[97] * * °14*,?+o)i5* ° * *2Uo*+*ilo" * * *Dilg68 to"/see*Tb^7o/*; 

[118] "i4*,i"* 1936* £ * *98 /jyMather69* * "iited'iuiHs^^fiSofloiL?^ 
c » * « 
[85] 13,5*0,2 1970 + 300 to Fe^/n)p/io5*5 mb at 

14,2±ot2 l?8o t 270 Karolvi?o 1 4 *7 M e ? i 
15,o+o.2 174o t 26o ^aroiyx/o 
15,5io,2 I630 £ 25o 

[l2o] '14)8* *22oo'±2oo'" * *Druzhinin71'abs 1;cntd. *279*keVy/81 %/; 
[118] l4,4*o,4 1737 £ 14o Hankla72 to /see 0sx^/?cntd«279 keV 

» «< 

gamma with 0,665y/decay; 
. . . . . . . . . . • . • . . • . . . . . . « . . • .»««. r*»»®.«® 

[I08] 15,o+o,3 86o±18o for Peto68 to Pr^*/n,2n/2o5o+18o mb; 
cntd.825 kef jf;half lifet=£ a 

[5] [9] 14,7 
V W 1 

15] 11,0 
14,0 

82 Pb
2oatt /half life B 0,8 s / 

17oo t 300 Glagolev61 to Cu63/n,2n/62o+4oo mb; 
cntd. l,ob MeV gammas; 
»09»990« 9*999 09«*90*** 

5o4,2± 4o Shunk62 cntd.1,06 MeV f ;for lo,o 
1313,5± loo MeV also given:173,7il4 mb; 

14,8 99o + 12o Prasad66 to Fe56/n,p/126 mb; [37] 

[I08I 15,o+o,3 134o + 174 Pet668 to /see Pb' 
lfo6 MeV ̂  

W A 

• « . . . . . . . . . . . . . . . . . « • . . . • » . . . . » » • . . . . . . 
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Bismuth 

Ref. Energy/MeV/ Cross Sec/mb/ Identif. Comments 

j>o6] 14,1+0,6 
fro© nonactivation measurements 

186o±2oo£<T ^2190+300 Graves55 neutron multiplication 
in a spherical shell; 

P ] 14,1 2300 £ 300 Rosen57 nuclear emulsion 

PI' 14,5 242o £ 2oo Flerov58 nautr. multipl0;graphite 
prism detector;in(5Jthis 
is attached to 14 MoV 

[28] 14,1 26oo £ 190 Ashby58 liquid scintillator tank; 
[1127 14 2180 ± 200 Lebedev59 neutron multiplication; 
j5llU2]l4,l 195o * 80 Ad&a63 angular correlation of 

emitted neutrons-, 
£L12] 14,l±o,7 225o ± 25o Feicht6? Fermi's watertank-raethod; 

for the 2,6 ms state of Bi2°8 
[5][9] 14,7 660 + 120 Glagolev61 to Cu65/n,2n/62o*4oo mb; 

cntd,* 880 keV gamma; 
.......... • e o * . ....«••«.. »..a*«*i>«*.».0««..a. .«.«•* a. ....••«. ..•••*. 

[113] 1 4 , 3 290 £ 30 Monnand66 to Cu63/n,2n/5oo mb;9oo keV 
2T/loo %/were cntd .with 300 
and 650 ke¥ gammas; 
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fiadium 

88**' 
226 

Ref« Energy/MeV/ Cross Sec/mb/ Identif. Comments 

[5] 14,5 16oo t 2oo 0*Conner6o after chemical separation 
3,3 h Pbd°" betas war© prtiwhorl "hllA P«225 Ae counted in the Ra* 
chain; 

decay 



106 

Thorium 

9o Th 
232 

Ref* Energy/MdV/ Cross Sec/mb/ Identif. Comments 
[53(2:22] 15*o lloo * loo Phillips56 cntd.* 2 5 k e V gammas; 
[5] 16, o 48o * 6o Cochran58 taken from curve 
W pi"l3«o i?5o * 35o* ^so#down°to*8l4*MeV*in'5 "i 
[1147 13,9 1490 1 3oo an error + 2o % was supposed 
0.22J 14,0 133o I 2?o Tewes60 following[78]; 
17QJ 14,47 1148 * 22o iewesbo L J 

14,6 14oo * 28o 
15,1 98o t 2oo 

[91 [5]" 1*4,7* 650' + 150 *' * *Zi"s*in6*o* ' * *to'Mo99* yields* in 
• fission of II60 mb; 

[5J [9] ° £4)1*03 12oo#+* *5o* * * *Perkin61 * * ' V o ' c o p i e d 
[122] end 85 keV gammas; 
^9] [5] * 14)45+0!2 # 123o*i *6o Butler61 to*S^/n,p/229 mb;cntdobetas; u J L a also for 6,5-12,5 and 18,5-

-2o,5 MeV;err*sstat.and calibr 
\6l* * *" 13i33*Of23 "1610***161 to*/see*Ge^°) "ii^Afor errors 

I3,4o±o,2o I680 * 168 see So4-'; 
13^52*0,15 1635 * 164 
13,69*o,lo 163o * 163 
1 3 , 8 8 * o , l o 1580 * 1 5 8 
14,o9*o*lo 1560 * 156 Prestwood61 
14,3lto,13 152o * 152 
14-,5o*o,2o 144o * 144 
14,68+0,26 14oo + 14o 
14,81+o,31 128o * 128 
14,93*0,36 1255 * 126 



Uranium 

92 XT 
258 

107 

Ref* Energy/MeV/ Cross Sec/mb/ Identif* Comments 
[122] 14, 4oo t 3oo Graves51 also cited in[123] i 
[122J Ifr > 650 i 50 P00I54 in [123] 72o mb is given i 
[5]|L23] 14,1 650 t 50 Phillips56 cntd.gamma from Tj237 ; 
[5K23315 900 "£"150 Antropov58 * to *u23& * f is sion; cntd ItJ2^ ; 

D.15] 16,00+0,3 320 1 50 Knight58 m e a s d ^ W w =o,23~o.o2 and 
U23] multiplied =1380 mb of 

Smith57;abs .;cntd*U237/3 ;30 mb 
stat*e»from 5o;alsoibr 5,98-
-9,97 Me? energies; 

Ill5) 13,2 I060 unpublished data cited in 
[123] 13,4 lo4o [115] and [123] ;taken from 

13.6 95o curves; 
13,8 91o 
1 ^ 4 79o Graves58 
14.7 73o 14.8 620 
15.1 51o 
15.2 5oo 

[122] * '14)5*0)4* * *69o*£* *4o PerkinGl*" *to*Cu^3/n^/;cntdI *59*and*2o3 
keV^from U237 and loo keV • 
X-ray from IC.of 2o3 keV tf ; 

[124] 14,1+0,2 * 822 t 30 Mather69 to * ' fission; nonact ivation! 
liquid scint .counter ;total 
correction applied for diffe-
rent effects is + 19 mb; 

[121] * '14)4+0)2 528*£* *58 Dar6czy71* * t o' jU.27/n) #11714 'mb; *2o8*keV 
^coHg^ed ref#to the 2o5 keVy 
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Recommended values of (n,2n) cross-sections at 14.7 KeV 

Z.T. Body, J. Csikai 
Institute of Experimental. Physics, Kossuth University 

Debrecen, Hungary 

Abstract. A survey is given on the present knowledge of (n,2n) cross-

sections at 14.7 MeV. Recommended values are tabulated for elements and 

isotopes. These were obtained on the basis of experimental data supplemented 

by B-Z systematics and are compared with values resulting from empirical 

formulae. 

Introduction 

In addition to the checking of nuclear theories and cross-section 

systernatics the knowledge of (n,2n) dat a at 14»7 MeV is also important for 

practical applications, especially for planning thermonuclear devices and 

for activation analysis. According to the recent survey by Body /l,2/ (n,2n) 

cross-sections have been measured at 14.7 KeV for about 30 per cent of the 

stable nuclei. The great number of the unknown data can be explained by the 

limits of the activation method and the unfavourable decay schemes Jj>_J> 

The experimental values show large discrepancies; therefore more accurate 

trends can be revealed from the data measured by the same author where the 

relative accuracy is higher. More reliable data can be obtained by 

appropriate averaging of the available values [4J. The observed N-Z 

dependence in the (n,2n) cross-sections gives a possibility to 

estimate unknown values for isotopes and elements. Tables 1, 2, 3, give 

recommended values obtained on the basis of experimental data and N-Z 

systematics. 
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Summary of the procedure for obt.:xjsing reconmonded values 

Recommended (n,2n) cross-sections at 14«7 KeV" are determined by the 

following procedure (details of which are given in the Appendix): 

1.a. The recent compilation of experimental data by Body, which is available 

as a separate report /2_J} is taken as the basis for the present survey. 

b. The experimental data are re-normalized to up-to-date standard values 

given .in table 

c. Most probable values are estimated by appropriate averaging. Table 1 

gives recommended values for those nuclides for which experimental data 

exist. 

2.a. The values of table 1 are converted to constant excess energy above 

threshold by means of the TJeisskopf formula* 

b. The resulting values are extra- and interpolated by H-Z systematics to 

obtain unmeasured values at constant excess energy. 

c. These are converted to 14»7 KeV using the Weisskopf formula* The 

resulting table 2 gives recommended values for those nuclides for 

which no experimental data exist, 

3. Values from tables 1 and 2 are used for averaging over isotopic 

abundances. Table 3 gives recommended values for elements in natural 

isotopic composition. 
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Table 1. Recommended values of (n,2n) cross-sections at 14*7 MeV for nuclides 

where experimental data exist. The errors given are standard, 
deviations. 
* =» Values which are strongly energy dependent around 14-7 MeV are 

marked (see •toxt-)-. 

C/mb/ & <f/no/ 07 mb/ A<T/i;Co/ 

N-14 7,52* 0,63 Sr~84 227 7o 
y-19 54,1 5,4 Sr~86 971 194 
Na-23 9 X-89 lo64 52 
P-31 lo,7 0,96 Zr-9o 798* 18 
Cl-35 9,2 o,7 Zr-96 1456 80 

K-39 4,36 o,28 MO~92 2oo* 11 
Ca~48 94o 74 Mo-loo 17oo 137 
Sc~45 311 21 Ru-96 638 75 
Ti-46 5o,8* 4,1 Ru-98 1169 91 
Cr-5o 29,4 1,9 Ru-lo4 144o 80 

Cr-52 352 66 Rh-lo3 917 60 

Mn-55 $37 57 Pd-lo2 637 45 
Fe-54 14,3 7 Pd-llo 2o5o 47o 
Fe-56 49o 36 Ag-lo7 1488 13o 
Co~59 838 77 Cd~lo6 885 42 
Ni-58 33,7* Cd-lo8 865 loo 
Cu-63 558* 11 Cd-llo 1221 15o 
Cu~65 965* 5 Cd-116 

•Ih-145 
1535 J ^ L, 1 9o it 

67 Zn-64 19o,5 14,3 
Cd-116 
•Ih-145 

HI tL 
1721 

9o it 
67 

Zn~66 742,4 82 Sn-112 1489 55 
Zn-7o 1273 13o Sn-114 155o 250 
Ga~69 loo7 63 Sn-124 1425 18o 
Ga-71 lo85 28o Sb-121 1655 9o 
Ge-7o 646 5o Sb-123 16o2 19o 
Ge~76 1151 137 Te~12o 122o 131 
As-75 1111 34 Te-122 1 « 4 17o 
Se-74 442* lo ITe-128 1594 15o 
Se-76 937 7o Te-13o 1455 55 
Se-82 1258 112 1-127 1655 55 
.Br-79 I069 39 Xe-124 1377 llo 
Br-81 1136 45 Xe-126 14o2 165" 
Kr-78 245 . 2o Xe-128 1533 17o 
Kr-~8o 81 o 6o Xe-134 I698 17o 
Rb~85 1411 ' 86 Xe-156 176o loo 
Rb-87 1817 343 Cs-133 1567 82 
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TABLE I. /conl"./ 
Ba-130 1371 70 Hf-176 2270 115 
Ba~lJ2 1574 100 Ta-181 2220 370 
Ce-135 1318 90 W--182 2232 100 
Ce-140 1730 70 Y/-186 2290 2 3 0 
Ce-142 1820 80 Ro-l85 2o2o 62o 
Pr-141 1744 174 Re-187 1428 111 
Nd-142 ' 1738 167 I-r-191 2050 140 
Nd-148 1954 25o Os-192 2028 200 
Nd-150 2014 300 Pt-192 2070 150 
Sm-144 1537 105 Pt-198 20 CO 250 
Sm-154 1633 300 Au-197 2109 110 
Gd-154 1S97 140 Hg-196 2015 160 
Gd-160 1532 145 Hs-4.93 2043 167 
Dy-160 2060 120 Hg—204 2183 9 4 
Hb-165 2096 273 Tl-205 1750 185 
Er-162 1951 500 T1-205 1950 288 
Er-166 2009 115 Pb-204 1881 153 
Er-170 1362 133 Bi-209 2214 100 
Tm~169 2045 115 Ra-226 1600 200 
Yb-170 2126 110 Th-232 1156 178 
Tb-176 1779 130 U-238 703 50 
Lu-175 1983 150 
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Table 2, Recommended values 0 f (n,2n) cross-sections at' 14-7 MeV 
obtai ned from K-Z sy stematics. The errors are standard 
doviatior • IS • 

(f/mb/ H<r/no/ <T/nb/ A6?no/ 

Ca-42 2Q0 60 Mo-94 865 80 
Ca-43 595 90 Mo-95 980 100 
Ca-44 40 Mo-96 1125 120 
Ca-46 740 80 Mo-9 7 1295 170 
Ti~4-7 380 60 Mo-9 3 1370 180 
Ti-48' 320 50 Ru-99 940 90 
0?i~49 660 70 Hu-100 960 100 
Ti~50 655 60 Bu-101 1120 110 
V~51 565 60 Bu-102 1225 70 
Cr-53 890 140 Pd-104 945 120 
Cr-54 1120 130 Pd~105 1275 140 
Pe-57 900 140 Pd—106 1430 170 
Fe-58 1060 190 Pd-108 1740 200 
Ni-60 408 30 Ag-109 1440 170 
Ki-61 780 55 Cd-111 1260 170 
Ni-62 900 60 Cd-112 1590 230 
Ni~64 1095 90 Cd-113 1370 230 
Zn-67 1000 80 Cd-114 1450 170 
Zn-68 1120 85 Sn-115 1565 120 
Ge~72 788 30 Sn-116 1560 120 
Ge-73 1010 40 Sn-117 1530 110 
Ge-74 1100 60 Sn-118 1465 120 
Se-77 1135 50 Sn-119 1480 110 
Se-78 1085 35 Sn-120 1495 120 
Se-80 1200 120 Sn-122 1470 120 
Kr-82 795 80 Te-123 1290 80 
Kr~83 1130 130 Te-124 1345 80 
, Kr-84 1280 150 Te-125 1340 80 
Kr-86 2010 200 Te-126 1495 120 
Sr-37 1525 130 Te-130 1590 110 
Sr-~88 1465 110 Xe~129 1525 110 
Zr-91 1160 50 Xe-130 1580 120 
Zr-92 1235 50 Xe-131 1565 110 
Zr-94 1350 60 Xe-132 I630 120 
Nb-93 1080 80 Ea-134 1550 90 
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TABLE Jl./cont./ 

0~/rvj/ ( T A n o / & < T / n o / 

B a - 1 3 5 1570 110 Tb~174 1890 130 

B a - 1 3 6 1 6 6 0 9 0 H i - 1 7 4 20^f0 130 

B a - 1 3 7 1653 1 1 0 i r f - 1 7 7 1955 130 

B a - 1 3 8 1720 1 2 0 H f - 1 7 8 1975 140 

L a - 1 3 9 1730 1 0 0 H i - 1 7 9 2075 160 

Ce -133 1520 9 0 I l f - 1 8 0 2235 160 

Hd-143 1720 1 1 0 V/-180 2130 160 
m-viA 1800 1 1 0 w-183 2180 160 

nd-145 1775 1 1 0 Y/-184 2230 160 

Kd-146 1845 1 1 0 Oe-184 2170 170 

S ia-147 1580 1 5 0 0 G - 1 8 6 2175 170 

Sm-148 1625 160 0 s - 1 8 7 2130 160 

Sm-149 1535 150 Os-188 2175 170 

Sm-150 1645 160 0 s - 1 8 9 2125 170 

Sra-152 1790 170 0 S - 1 9 0 2185 160 

E u - l p l 1675 170 Os-192 ( 2190 ) (160) 

Bu~153 1885 190 I r - 1 9 3 2 1 3 0 160 

Gd-132 1790 220 P t - 1 9 0 2045 170 

Gd-155 1785 130 P t - 1 9 2 (2030) ( 160 ) 
Gd-156 1800 130 P t - 1 9 4 2010 150 

Gd-157 1725 130 Pfc-195 1960 140 

Gd-138 1740 130 P t - 1 9 6 1990 140 

Tb-159 1875 140 Hg-196 ( 2 0 6 0 ) ( 160 ) 

Dy-156 1790 190 IIg-198 ^ 2 0 1 0 ) (160) 

Dy-158 1 9 1 0 190 Hc-199 2020 160 

Dy-161 2050 1 3 0 HG-200 2090 160 

Ry—162 2160 130 Hg-201 2085 160 

Dy-163 2180 130 Hg—202 2160 160 

P y - 1 6 4 2350 170 Pb -206 1915 150 

E r - 1 6 4 1995 180 Pb -207 1930 160 

E r - 1 6 7 1910 120 P b - 2 0 3 1985 160 

E r - 1 6 8 1930 120 -

Tb-163 1850 280 

Yb-171 1970 130 
Yb-172 1970 130 

Yb-173 19C0 130 
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Table 3. Recommended values of (n,2n) cross-sections at 14,7 KeV for 

elements. The errors are standard deviations. 
(Data for H, Li and Be were taken from BEL-325 [?]-) 

Z <T/mb/ A<T/::ib/ 17 (J (T/mo/ /16? no/ 

1 I-I' 0.026 0.003 50 Sn 1494 115 
3 Li 60 10 51 Sb 1632 120 
4 Be 500 100 52 Te 1482 90 
7 IT 7,52 0,63 53 I 1655 55 
9 F 54sl 5,4 54 Xe 1604 120 
11 Ha 43,3 9 55 Cs 1567 82 
15 P- 10,7 0,96 56 Ba 1694 110 
20 Ca 15 1.5 57 La 1732 103 
21 Sc 311 21 58 Ce 1739 72 
22 Ti 34-1 45 59 Pr 1744 174 
23 V 565 55 60 Nd 1800 130 
24 Cr 407 70 62 Sm 1660 196 
25 Mn 837 57 63 Eu 1784 180 
26 Fe 474 35 64 Gd 1714 120 
27 Co 838 77 65 Tb 1875 144 
28 Hi 183 15 66 Dy 2194 124 
29 Cu 684 10 67 Ho 2096 273 
30 Zn 565 48 68 Er 1943 120 
31 Ga 1038 200 69 Tin 2045 115 
32 Ge 918 40 70 Yb 1912 130 
33 As 1111 34 71 Lu 1983 150 
34 Se 1143 100 72 Hf 2093 144 
35 Br 1102 45 73 Ta 2220 370 
36 Kr 1320 145 74 W 2240 164 
37 Rb 1524 160 75 Re 1647 120 
38 Sr 1414 120 76 Os 2110 160 
39 Y 1064 52 77 Ir 2100 153 
40 Zr 1030 33 78 Pt 1988 160 
41 lib 1080 80 79 Au 2109 110 
42 Mo 1062 110 80 •"o 2 1 0 0 160 
44 Ru 1144 90 81 TI 1877 250 
45 Rb 917 60 82 Pb 1 9 5 3 157 
4-6 Pd 1491 200 83 Ei 2214 1 0 0 
47 Ag 1465 160 90 Th 1 1 5 6 178 
48 Cd 1412 130 92 U 703 50 
4 9 In 1 7 2 2 70 
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Table 4. Standard cross-sections for 14.7 MeV neutrons accepted 
for the renormalization of experimental data. 

Isotope Beaction Cr0 s s~ se c t ion 
/mb/ 

Reference 

Al-27 n»P 75 (9)* 
Al-27 n,<X 114 (10) 
Cu-65 n,2n 971 

y ^ 
present 

Cu-63 nt2n 558 present 
S-32 n»P 223 (10) 
Li-6 n,t 26 (9) 
Fe-56 n»P 98 (11),(12) 
Pr-141 n,p 11.4 (14) 
P-51 n,ct 110 (9) 
U-235 n,f 2250 (9) 
Pr~141 n, 2n 1750 present 
Au-197 n,2n 2110 present 
Y-89 n*2n 1060 present 

* Estimated from data in (9). 

* * 965 mb from Table I. + 6 mb from Cu^/n,^/contribution 
which vias subtracted when estimating the value in 
Table I; this is because the standards used were made 
of natural coppor. For the 6 mb value of the reaction 
Cu65/n,^-/ see ref. ( 13) . 
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APPENDIX 

Treatment of experimental data 

The compilation used includes data up to the end of January 1972. 

The experimental (n,2n) cross-sections show frequently large inaccuracies and 

discrepancies, possible sources of which hr;ve been discussed earlier £*>J• 

In this situation, where standard averaging methods fail, the generalized 

averaging procedure by Body and Dede JJJ was applied, where systematic and 

statistical errors are treated separately. This procedure is expressed by 

the formulae 

W 1 
/X/ 

V + r ! 
i-'i 

A/ 
<—\ 

rra ^ V , y _ 1 1 

and 
/V fJ N 0.' 

/J^Ff 
1.-1 \-1 

/2/ 

Here x^ and are the experimental value and the error 
th 

of the i author, respectively, (i = 1,2...N). y 2 is the 

variance of the distribution attributed to the systematic 

error. 
The root mean square error A •-WL- of the most probable 
value w is 

i. 
r N 

A 'YW 

Izi. 
$> + / 3 / 

2 
If Eqs. /l/ and /2/ have no solution with y Hi 0 then 

Eqs. /l/ and /3/ give the results with y = 0 . One can see 

that when systematic errors are negligible compared to the 

statistical errors fy^/s^—#0), the present method reduces 
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to the? well known expressions giving the weighted mean using 

reciprocal square of the errors: 

'YVU ^ > 
N . V -1 

I-* 1 I 
/ V 

If the statistical errors are negligible compared with - O Q i ^ 
the systematic errors ^ s y — ^ 0 / , *»he present method 
reduces to the sisrole arithmetic mean: 

/v 4 

N 

rvYK, 9 / X • 

•V--I 

The experimental data were ro-normali«ed to up-to-date standard values, 

which are compiled in table fy. The uncertainties of the standards were 

not included in the errors of the experimental input data. No corrections 

have been done concerning the decay «chenos. In many cases no reliable 

information is available which scheme has been assumed by the author; 

often the 'Nuclear Data Sheets' are quoted without stating the year of 

publication. 

The authors do generally not give errors in a unique way. Where 

possible, some corrections were applied according to the available informa-

tion; for example, stated probable errors were converted into Gaussian 

ones. In other cases it had to be assumed that errors quoted by the 

authors are of the same type. 

If an author measured different values using different methods then 

the average of them was used as a single input. This is however not an' 

infallible solution since the systematic errors have both common and 

non-common parts in such cases. But there are only a few such data. 
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The most probable values for (n,2n) cross-sections at 14*7 KeV 

obtained by this averaging procedure are presented in Table I. The errors 

listed are Gaussian standard deviations as obtained from /3/« 

In about 60 cases also energy dependent estimations were performed 

(see 1 _J)by supposing a linear energy dependence in the 14-15 MeV region. 

In general, these results were used only for checking the energy in-

dependent results, where data, around 14.7 KeV were used only. Some 

nuclei in Sable 1 have a strongly energy dependent cross-section such 

that the cross-section variation for 0.1 KoV is equal or greater than 

the cross-section error given. Theno nuclides (N~14> Ti-46, Ni-58, 

Cu-63, Cu-65, Se-741 Zr-90 and Mo-92) are narked in table 1. 

N ? syst.egtsti cs. 

-For those nuclei where measurements are difficult to perform the 

eToas-sections were estimated using H-Z systematics. The resulting 

recommended values are given in table 2« 

It has been observed that the (n,2n) cross-sections at a con-

stant excess energy above the threshold varies linearly with (N~Z) if 

either N or Z is constant. This N-Z dependence makes it possible to 

inter- or extrapolate new values linearly. For converting cross-sections 

to constant excess energy and re-converting new cross-sections to 14.7 MeV 

the Ueisskopf formula was used. Owing to the fact that the linear 

H-Z dependence holds either for constant B or for constant Z, there 

are cases where the systematics gave the same cross-sections in two 

independent ways. In order to show the inner consistency of the 

systematics such examples arc given in table 5» 
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Table Data obtained, from the N-Z trend both for constant N and Z 
at 3 MeV excess energy above threshold. Independent estimates 
from using isotonic and isotopic lines agree well. 

Nuclide N = constant Z = constant 
fr/mb/ A<57inb/ frMW /i cT/rrfo 

Cr-54 870 70 830 130 
Zn-68 985 80 845 60 
Ge~72 750 40 750 30 
Mo-94 720 70 670 70 
Mo-96 900 60 950 100 
Mo-98 1030 100 1220 130 
Se-?8 930 40 915 40 
Se~80 1160 180 960 60 
Sr-88 1400 130 1320 130 
Eu-102 1010 70 1020 90 
Te~130 1470 120 1310 90 
Er-162 2020 200 1820 140 
Sn-118 1190 80 1310 80 
Hf-176 1820 120 1810 120 
Sm-152 1710 170 1490 140 
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Another ter.t for the reliability of th» N-Z alternation can be seen 

from the crosn-naction values of Gs-192, Pt-j.92, H-;-196 and. Hg-198. The 

ey.peri montnl ^alucn of these nuclide- fivin in tabln 1 have bcconc avail-

able only nftor the values in table- ? had beer deduced from r.ystematics. 

Both agree well within their errors. For these nuclides the values in 

table 1 are preferred as recommended valuer.? the values in table 2 are 

therefore enclosed in parentheses. 

The errors listed in table 2 are meant as Gaussian standard deviation 

They originate from the errors of those nuclides in table 1, on which the 

extra- or interpolation is based in each case. No additional uncertainty 

was assigned to the N-Z systernatics. 

e.niqritR with natural isotonic composition 

The crofs-sections for elements at 14.7 KeY have been calculated 

from tables 1 and 2 by averaging over icotcpio abundances. The 

resulting recommended valuer, are given in table 3 and figure 1. As it 

can be seen in the Fig. 1. the tendency of the original experimental data 

is fairly well followed by the values for which the N-Z systematics was 

talien into account. In the case of light nuclei the odd-even effect can 

be^woll observed; this - similarly to the shell effect - is probably 

caused by the variation in the threshold energies. The errors given are 

Gaussian standard deviations originating from the errors in tables 1 

and 2. 



- 123 -

Com pari son with empirical formulae 

There are semi-empirical and empirical formulae for (n,2n) cross-

sections given by Pearlstein J_6_~]AdSm-Jeki £j_J and Chatterjee J3_J• 

The relative differences between the experimental, values from 

table 1 and those obtained from the emjiirical formulae have been calcul-

ated.. The comparison shows that in 59 per cent of all cases Pearlstein's 

formula gives the best approximation; Ad&m-Jeki and Chatterjee obtain 

the best approximation in 22 and 19 per cent of the cases, respectively. 

In Fig, 2. histogra-mmes are presented in order to visualize the distribu-

tions of the deviations; the histogramme is nearly symmetric and cen-

tered to zero for the cross-sections given by Pearlstein, while this is 

not so in the other two eases. 

l?or mass number A £ 80 the cross-sections - are under-estimated and 

for A >100 are over-estimated by Pearl stein's formula; the trend is 

opposite for the other two expressions. All the three.formulae give 

unreliable results for neutron deficient isotopes far from the stability 

line. 
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Summary of the Thesis 

by Z.T.Body 

The following items are contained in this 
thesis* 

A treatise of activation cross section 
measurements in order to establish the explicite 
dependence of experimental cross sections on the 
different quantities influencing the evaluation 
/as flux, decoy scheme, etc*/ 

Classification of errors to make data* 
handling easier« • 

Discussion of some possible averageing 
procedures including nsw ones* 

An explicit formula is given for d,d and 
d,t neutron spectra considering both energy loss 
and angular scattering of deuterons in the target. 

65 64-As a first application, the Cu "Vn,2n/Cu 
cross section measurements are analysed and corrected 
for averageingt to have saost probable value. The analysis 
shows that only a part of the data allows complete 
correction, because of lack of relevant informations 
/branching ratios, etc.A 

As a major application the most probable 
values of /n,2n/ cross sections have been calculated 
f o r every nuclide where data are available at all, 
using all these dataf without corrections. The averageing 
procedure was the one which allows the presence of 
systematic errors restricted by some general assumptions® 
After having calculated the averaged /experimental/ 
cross sections further cross sections were obtained 
from N-Z systematica* In such a way we have /n,2n/ cross 
sections of either experimental or semi-ompiiical nature 
for almost every nuclide. Finally, /n,2n/ cross sections 
for elements have also been calculated /at 14.7 MeV/ 
viewing possible technical needs for different applications 
of /d,t/ neutrons in sciences and.tec;mology, especially 
for fusion reactors in the iuture. 


