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Abstract 

Experimental (n,t) cross-section data around 14 MeV were reviewed and 
evaluated, partly using theoretical fits. Recommended values are given 
for 37 nuclides. For those nuclides where no experimental data exist, 
empirical formulae are referred to; their accuracy is analysed. 
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Fig. 1. 
Cross sections for (n,t) reactions at 14 MeV 
/Here 6x10 or 6/10 means that the respective 6 is multiplied 
divided "by ten? I means lower while t means upper limit; in the 
cases of Au and Ca the points mean partial cross sections 
only; • means that the cross section refers to the element./ 



INTRODUCTION 

A compilation and evaluation programme has been started 
to survey the available /n,t/ cross-section data / 1_7/ 
I 2J. Some of the findings are given below: 

1/ The vast majority of measurements deals with the lightest 
elements /Li, Be, B/. For example, about one third of the g 
measurements relate to the Li /n,t/ process if one takes 
into account the data at all energies. 

2/ For other elements the experimental data are very scarce. 

3/ Neglecting cross sections integrated over a broad energy 
range /the fission average cross sections of Heinrich and 
Tanner /~3_7 and those measured by Qaim and Wolfle using 
deuteron break-up neutrons / 4_7/# following statements appear 
to hold for the atomic number range 10^Z^92: 
a I Measurements were performed only for thirty elements 

or at least for one isotope of them. /In four cases for 
two isotopes of thet same element./ 

bI For more than half of the elements there are no 
experimental data at all. There are wider atomic number 
ranges /Z=33-37, 53-56, 62-67 and 69-78/ where no 
experimental data are available, 

c/ In the 14.2^ 14.9 MeV energy range 54 cross section 
measurements were performed. In addition to this in 
7 cases upper limits were given and in 8 cases partial 
cross sections were determined /lower limits/. See 
Fig.1. 

d/ Excitation functions /measurements for at least two 
energies/ were determined only in 8 cases. 

41 Cross section measurements by different authors up to 
1970 yielded very different results. The maximum 

32 
discrepancy can reach three order of magnitude / S, 
40 

Ca/. These cases might be exceptional; however, a one 
order of magnitude deviatipn is not unfrequent. The results 
reported after 1971, mainly from Jtilich and Debrecen, are 
more consistent. Various reasons for discrepancies were 
discussed by those two groups. In many cases - if activation 
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method is used - high cross-section /n,2n/ or other 
reactions leading to the same product nucleus can increase 
the value of the measured /n,t/ cross section. For example, 

32 31 
the case of S the P contamination and in the case 

40 39 
of Ca the K contamination must be less than about 
0.01 % in order not to disturbe the results appreciably f s j . 

A further problem arises if one uses the annihilation 
radiation; here the separation of the /n,t/ - activation 
product from some disturbing activities can only be 
achieved through the difference between the half-lives. For 
example in the case of Ca the activity of /7.7 min/ K 

13 
must be analysed from that on /9.98 min./ N resulting 
from the /n,2n/ reaction of nitrogen present in the air 
I 6 j . Extensive studies on /n,t/ reactions on even mass 
nuclei were carried out at Julich / 6, 7_7, followed by 
some measurements at Dallas / 8_7» The odd mass nuclei 
were investigated mostly at Debrecen / 9,10_7- From those 
investigations it can be stated that /n,t/ cross sections 
odd target nuclei are greater by about an order of magnitude 
than those on even target nuclei. /See Fig.2./ For the 
atomic number region with Z > 2 0 it can be established 
that all experimental data lie within in the following 
intervals: 

76exp(- 9.2 C/n,t/^ 200exp(-8.3 /uh for even, 

4500exp ( - 23.5 ,t/ £ 5400exp ( -13.9 for 

odd target nuclei. 

Qaim and StOcklin / 7 _ 7 had proposed an empirical formula 
of the form 

C/n,t/ = 4.52 ( A 1 / 3 + l) 2 exp ( -10 ^ ) pib 

which was slightly modified by Woo and Salaita / 8_7 in the 
following way: 

<37n,t/ = 7.684 (A 1^ 3 + l)2 exp (-13 ^ p ) ^ub. The quality 
of these formulae was analysed. It was found that they 
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are good only for even nuclei; their qualities 
being about the same. 

For the range 2 0 < Z < 4 4 the formula of Qaim and 
Stocklin £ 7 J i s better, while for Z>44 the formula of Woo 
and Salaita /" 8 Jis preferable. For odd nuclei the calculated 
values should be multiplied by about ten in order to have 

205 a reasonable estimate /except Tl/. 

The measured excitation function data were described 
by functions of the form 

6/E / = e a x 2 + b x + c 
n' /I/ 

with fitted parameters a, b and c. /See Table 1./ 

Here 

—1/2 ' w h e r e E
n bombarding 

X • (571 En + 0 ) 

neutron energy in lab. system; 
A: mass number; 
Q: reaction energy in c.m. system. 
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Eq. /I/ with the parameters of Table 1. gives the cross 
sections in microbarns. The "purely empirical" excitation 
functions are recommended in the given intervals except for 
93 

Nb. The "semiempirical" excitation functions are the 
Hauser-Feshbach calculations of Sudar and Csikai /~10_7 
fitted to the experimental points. 

In order to develop a semi-empirical interpolation 
formula the logarithmic derivatives of the excitation 
functions at a fixed excess energy above the threshold 
/5 MeV/ were plotted against the atomic number Z and a linear 
/nearly linear/ dependence was established: 

where o( = -0.667 MeV ^ and 
fa = 0.056 MeV-1 

The reason for choosing just 5 MeV excess energy is 
that around this energy we have a common interval where 
all /used/ excitation functions have measured values. The 
above linear form has a theoretical basis: if we want to 
describe the energy dependence by the product of the Gamow 
penetration factor 

- BZ 
e ~ W 

and a slowly varying function /f/ of E, then we have 

( d l n £ ) = ( f + 1 BZ j = 0 < ' + ( i ' z 
V d E / E= 5 MeV I 2 E 3 / 2 / e = 5 M e V 

/»' -1 with (4 = 0.076 MeV . 

The constant d! cannot be determined without knowing f. It 
can be seen that although , the two values are not very 
far from each other. 

By using this result for the 1 3 ^ Z ^ 2 8 region, one can 
estimate a cross-section value & at E = E + AE from the o 
value of the cross section & at E . Let us denote by y o o 
the quantity / + ̂ 3Z/.AE, then we have 

( t S * ) - * + 

E= 5 MeV 
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Table 1. 

Empirical and semi-empirical excitation function parameters 

Target 
nuclei 

27 Al 

32, 

40 Ca 

5 5 K n 

59 
Co 

Nl 

93 Nb 

9 -
I MeV_/ 

-10.92 

-12.72 

-12.92 

-9.32 

-8.92 

-11.12 

-6.22 

P a r a m e t e r s 
a /~MeV_7 b ¿"MeVj'Z c 

-5.00 

-30.57 

-7.47 

-58.25 

-27.95 

-34.81 

214.09 

En!-SY<rr7nge Comment References 
I MeV_/ 

2.21 

24. 39 

4.25 

37.67 

10.43 

9.31 

8.29 13.5 - 19.5 

9.83 13.5 - 15.5 

purely 
empirical 

2.28 14.5 - 20.0 purely 
empirical 

4.71 14.5-20.0 purely 
empirical 

to only 

1.74 13.5 - 15.5 semi 
empirical 

6.90 14.5-19.0 semi 
enpirical 

semi 
empirical 

-151.77 32.85 14.5-19.0 purely 
empirical 

[lO, l l ] 

I 15 , 16, 17jt 
[18, 19, 20,] 

[l, 6, 8J, 
[20] 

[10] 

[10, 11] 

[10, 12, 2l] 

[10, ll] 



<0 - 6T/l+y / for y > 0, /2 / 

<0= 6 7 l + | y l r 1 for y< O. 131. 
O 

A pure empirical observation that instead of eq. /3/ we can 
use 

6V6r/l+lyl/ exp /2y / for y^ 0 /4 / 
and reach a far better result if|yl is nearer the unity than 
zero. /For small arguments the two formulae yield about 
the same result./ Otherwise, eq. /2/ has a precision better 
than 7 % for Ae=0.5 MeV and better than 15 % for £ E = 1.0 MeV. 
Similarly, eq. /3/ gives values within 20 % for Ae=-0.5 MeV 
and within 85 % for -1.0 MeV. These later two percentages 
should be compared to 11 % and 20 % obtained from eq. /4/ 
for the same energy differences. 

In order to check the excitation functions of form 
/X/ with parameters of Table 1. integral /n,t/ data can also 
be used. Unfortunately, the available integral data are small. 
In 1961 Heinrich and Tanner / 3_7 measured some /n,t/ cross 

235 sections averaged over the thermal fission spectrum of U . 

The averaged cross section « is defined as err 
co 

^eff = /6/E/S/E/dE, /SI 
o 

where 67E/ is the excitation function and S/E/ is the norma-
lized energy spectrum of the bombarding particles. 

Heinrich and Tanner suggested to use the formula of 
Hill Z~13_7 and Watt 14_7 for S /E/ describing the neutron 

235 spectrum of the U thermal fission: 

S/E/ =^§3=""' • e~E . shVTe* /E in MeV/ /6/ 

By inserting eqs. /1/ and /6/ into eq. /5/ the ^ e f f 
values were determined. The results obtained together with 
the experimental data of Heinrich and Tanner / 3_7 can be 
found in Table 2. The upper integration limit in eq. /5/ 
was chosen to be 20 MeV in each case, above this value the 
contribution to the integral is negligible. 

7 



Table 2. 
Measured and calculated values /x estimated/ 

Target /experimental/ ~ /calculated/ p, _ fieff /exP/ 
nucleus ueff / ^ub_/ Oeff f pibj [ g^ff/calc/ 

27 ^ Al 0.26 + 0.04 0.30 + 0.03* 0.87 + 0.16 

55 Mn O.17 + 0.03 0.094 1.81 + O.18 

57 Co 0 . 0 5 < ^ f f ^0.13 0.058 0.8^^2.5 

Ni < r e f f ^ 0 . 0 5 0.025 

The experimental and calculated results agree within 
27 

the error limits for Al. If one uses the excitation 
27 function for Al given in the ENDF/B IV file one obtains a 

calculated value for which is three-times as great as 
the experimental value. The excitation function for /n,t/ 

27 
reaction on Al given in the ENDF/B IV file is wrong as is 
evidenced by a simple comparison with experimental data 
/see Fig.3/. 

- 5 5 

The greater deviation of ^ from the unity for Mn can be 
explained by the fact that the excitation function is 
reliable only within the 13.5-15.5 interval /see Table 1/, 
and the contribution to the integral /5/ from outside this 
interval is not negligible at all. 

In the cases of 59Co and 58Ni the measured and 
calculated values do not contradict each other. However, these 
agreements have not any special significance owing to the 
fact that here the measurements yielded only /lower and 
upper/ limits of I n addition,it should also be taken 
into account that the measurement was made for elemental 

58 Ni while the calculation is for Ni nuclide. 

8 



Fig. 3. E(MeV) 
97 Excitation function of 'Al (n,t) reaction 

A comparison of the integral data of /n,t/ reactions, 
induced by fission neutrons, with those deduced from the above 
equation does not describe an ideal case, because the 
thresholds of the /n,t/ reactions generally lie above 10 MeV 
and the contribution of neutrons with E > 1 0 MeV in the fission n _ _ 
spectrum is rather small. Qaim and Wolfle / 4_7 did extensive 
studies on /n,t/ reactions using 53 MeV d/Be/ break-up neutrons. 
However, since the neutron spectrum extends up to 50 MeV, 
and it is not sure whether the above formulation would be 
valid up to such a high energy, we did not attempt a comparison 
with those data. Recent studies at Jtilich /*~24, 23_7 using 
30 MeV d/Be/ break-up neutrons for triton emission cross 
section measurements are more interesting since they cover 
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Table 3. 

Measured and calculated values for deuteron break-up 
neutrons 

Target 
nucleus 

6eff / e xP e r i m e n t al/ fi'aff /calculated/ 

27 A1 1.40 + 0.42 1.38 

55 Mn 0.64 + 0.20 0.635 

59 Co 0,64 + 0.20 0.41 

a major energy portion of an /n,t/ reaction. The neutron 
spectrum was determined by multiple foil activation technique 
from 2 to 30 MeV using threshold reactions / 2 3_/. By 
inserting this spectrum and eq. /1/ into eq. /5/ the 
values were calculated /with a lower limit 2 MeV instead of 
zero which affects the normalization/ and compared to 
the experimental data. A preliminary result of this comparison 
is given in Table 3. 

The agreement between experiment and calculation is 
27 55 

surprisingly good for Al and Mn, resp., expecially if 
one considers that the experimental cross sections contain 
contributions also from /n,xt/ process while the calculations 
do not take into account these contributions. 

The authors should like to thank the valuable advices 
of Prof. Csikai and S.M. Qaim /Julich/, further they wish to 
acknowledge the financial support of the International 
Atomic Energy Agency, Vienna under contract No. 3114/RB. 
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Recommended values 
of >(n,t) cross-sections around 14 MeV 

On the following pages recommended values of (n,t) cross-sections are 
given for the neutron energies at which experimental data are available. 
Details are given describing how the recommended values were obtained. 
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LI 

S (lteV) C (mb) lin. - lin. interpolation 

10.5 36.0 <y error ie not more than 10 it 

10.8 34.8 
11.0 34.0 Taken from ENDF/B-5 Standarde file 

11.5 33.0 (C.Hale, L.Stewart and P.G.Young, 

12.0 31.0 19771 S a v . » 1979) 

12-5 29.0 Data and.error are based on 
13.0 28.0 1./ E.D.Pendlebury, AWBE0-60/64 

13.5 27.0 (July 1964)1 
14.0 26.0 2./ B.D.Kern and W.E.Kreger, Phye. 

14.5 25.0 lev. 112 (1958 ) 926-
15.0 24.0 EKDF/B-5 and JENDL-2 (S.Komoda and 
15.5 23.3 S.Igarasi, 1977i Rev.11983) agree 

Li 

within 10 ^ for the above interval, 

for ^Li(n,nt) process ! 

S (MeV) 

10.1 
11.4 
12.7 
14.1 
15-5 

370 
353 
333 
318 
306 

lin. - lin. interpolation 
<y error is not more than 6 & 

Taken from JENDL-2 file (K.Shibata 
1982J Bev . I Hot.1983) 

Data and error are mainly based on 
1./ li.E.Wyman and M.U.Thorpe, LA-2235 (1956)J 
2./ P.W.Lisowski et al., LA-8342 (1980)» 
3./ H.Liskien and A.Paulsen, IHDC(EUH) 014/0 (1981) p. 14; 
4./ D.L.Smith et al., Hucl. Sei. Eng. ]6 (1981) 359-
la the above energy region EHDF/B-5 Kev.2 (P.Toung,198l, as quoted In ref.5) 
gives somewhat lower values (by 2 £ at 11.4 HeV and by 8 jt at 15.5 MeV). See 
also ref. 5* w^o measured a value between the two evaluationei 
5./ D.L.Smith et al.,ASL/lTOll-87( 1984).They got 301 mb*5.3 i at I 4 . 7 4 MeV. 
The differenoee are within the eetimated error of 6%. So, the JKHDL-2 
evaluation can still be reoommended. 

Q 
E /MeV/ 

13.5 
14.0 
W.5 
15.0 

6"/mV 
'15 
17.7 
20.6 
23.4 

11a.-lin. interpolation 
C error 1b less than 

20% 
6" was calculated from 

the formula: 
6" = aE+b with a = 5.63 mVMeV 

b = - 61.08 mb 
which was obtained by a straight line least square 
fitting using the following experimental values: 

1./ E/tleV/ C?mb/ 

13.55 15.5±2.5 
13.83 16 +2.5 
14.10 19.1+2.6 
14.39 22.0+2,8 

14.63 18.9+4 
14.70 22.843.4 

of Z.T. B6dy, F.Cserp&k, J.Csikai, S. Sud&r and K. Mihaly, 
Proc. of the Internet. Conf. on Nucl. Data for Scl. and 
Techn. Sept 6-10, 1982, Antwerp. Proc. ed. by K.H. Bockhoff, 
1983. ECSC,EEC,EABC Brussels and Luxembourg, p.J68 

2./ E b 14.7 MeV, © a 20+ 4 mb of T. Bir6, S. Sud&r, 
Z. Millgy, Z.DezscS and J. Csikai, J.Inorg.Nucl.Chem, 
12 /1975/1583 
3./ E a 14.1 MeV, 6"= 18 ± 1.5 mb of M.E. Wymen, E.M. fryer. 

and M.M. Thorpe, Phys. Rev. llg /1958/ 1264. 



E (MeV) tf (mb) 

9*0 129 lln. - lln. Interpolation 
10.0 122 0r error Is leee than 20 £ 
12 .0 108 
14.0 94 
16.0 79 
18.0 65 
2C.0 51 

C was calculated from the formula 0"- aS + b with a • -7.1 mi/UeV and 
b - 193 mb valid for the Interval 9 lie? £ E £ 20 MeV. The a and b para-
netore were obtained by a straight line least square fitting of the 
following experimental values! 

X (MeV) <T (mb) 

5.6 239 * 40 * O.U.Frye Jr., J.H.Oammel, Phys. Rev. 
7.7 131 * 23 . 103 (1956) 328 

12.2 96 ± 21 taken from 
14.1 102 * 17 EXFOB 11255002 
16.1 64 * 16 For detection boron-loaded nuclear 
18.2 81 * 16 emulsion was used. 
19.5 60 * 12 

4.0 * 0.2 95 * 10 1 M.E.Wyman, E.J(.Fryer, II.Thorpe, 
5.60* 0.05 230 * 25j Phye. Bey. 112 ( 1 9 5 8 ) 1?64 
9.60* 0.15 125 * 15 taken from Tritium f i counting 
14.10* 0.10 85 * 6 EXFOB 11231003 

1 
was used. 

Only the E ^ 9 KeV values were used for fitting. 

As for the S £ 9 MeV values of. the different measurements they are (in 
addition to formerly mentioned data) i 
3./ E (MeV) <T (mb) E (MeV) (T (mb) E ( l ieV) C (mb) 

1-35 5 2.14 26 2.88 26 
1.56 7 2.26 15 3.04 24 
1.68 15 2.39 15 3.17 25 
1.79 16 2.49 22 3.31 25 
1.91*0.05 28 2.64 23 3.38 31 
2.03 30 2.77 24 3.45 39 

E (lieV) <f(mb) X (K'eV) < n - b ) 2 (HeV) fT(mb) 

3.52 32 4.75 87 6.10 60 

3-58 34 4.79 89 6.23 82 

3-73 37 4.83 84 6.31 8 4 

3.80 43 4 . 8 8 63 6.39 79 
3.88 49 4.91 86 6 . 5 O 71 
4 . 0 5 62 4.95 81 6.63 65 
4.17*0.08 75 5.01 82 6.76 55 
4.29 78 5.07 84 6 . 8 8 53 
4.33 79 76 7.03 47 
4.39 76 5.26 75 7.15 50 

4.43 83 5.33 73 7.31 50 
4.47 79 5.42 75 7.46 49 
4.51 81 5.48 77 7-59 47 
4.55 8 5 5.63 80 7.75 46 
4.60 81 5 . 8 0 8 5 7.90 45 
4.63 82 5 . 8 8 8 5 8.05 43 
4.67 84 6 . 0 0 0 * 0 . 0 8 5 82 8 . 2 0 0 * 0 . 120 4 1 

X.A.Davis, F.Oabbard, T.W.Bonner, B.Bass, Huol. Phys. 7J_ (1961) 448 
taken from EXFOB 11195003. The ff' errors range from 30 to 60 percent. 
This is a partial cross section only (three-body breakup through the 
4.63 HeT level of 'Li) 

•Detector1 grid-type ionization chamber. 

Of (mb) 71 * F. Caerpik (Inst. Exp. Phys., Kossuth 
.. University, Debrecen, Hungary) priv.ooma. /A * * J 

- 8 1904* Tritium fi counting was used. 

One oan see that there is a factor of 3 between the smallest and the 
highest data for values with X less than 9 MeV, so it would be difficult 
to reoommend safely any of them. In addition, it should be noted here 
(following Cserp&k's communication) that if one applies tritium beta count-
ing and omits the substractlon of the different background contributions 
then he can obtain values whioh are twloe as large than that with sub-
straction. 

4./ 8 (MeV) 

5.8 - 0.2 

7.5 * 0.2 



E s 14.1 MeV 6"= 15 mb 

Cerror is about 3055 

This is an experimental value of U.S. Wyman et al. 
Ehys. Rev. /1958/1264 who measured ' 

^ a U + 5 mb at 14.1+01 MeV 

The error is an estimated one. 
D. Mil3ante et al. Nucl.Ehys. A 156 /1970/193 obtained 
differential cross sections from 0° to 64°43» /c.m/ at 
14.4 MeV for the ^B/n.t/^Be /g.s/ process. The integration 
of the differential crosB section from 0° to 64°4J» by 
S. Sud&r, Thesis, Kossuth Univ. Debrecen, Hungary, 1979 
/in Hungarian/ gave a cross section ̂ 8.1 mb. 

E <= 14.6 MeV 6* = 6.9 mb 

S" error is 40$ 

This is an average a two exp. valuest 

1./ T. Bir6, Thesis, Kossuth Univ. Debrecen, Hungary, 1974 
/in Hungarian / measured 

e + 1 itb at 14.6 MeV 

This value is also mentioned in T. Bir6 et al. 
J. Inorg. Nucl. Cham. ,22 A 9 7 5 / 1 5 8 3 /Fig. 3 / and in the 
Thesis of S. Sud&r, Kossuth Univ., Debrecen, Hungary, 1979 
/ in Hungarian/, 

6"=7.8+2,5 mb at 14.6 MeV was measured -1.0 
by F. Cserp&k, Kossuth Univ. Debrecen, Hungary /priv. comm. 
1983/« From this measurement a preliminary value 38 inb was 
given in F. Cserp&k, T. Bir6, J. Csikoi, Harwell Conf./1978/ 
p. 761. The preliminax7 value has been proven to be too high 
later, but the method is the same /and different from the. 
one used formerly by Bir6 et al./. 



0 
E » 14.4 MeV G = 20 mb 

O' error ia /maximally/ 

Estimated value using exp. data 

I. ' For the 1'tlI/n,t/12C /ground state/process: 

1./ At E=14.7 MeV 2mb by R.H. Lindsay, 
J.J. Veit, Phys. Rev. 152/1967/933. 

2./ At E a 14.1 MeV Si 4 mb estimated by 
S. Sud&r, thesis, Kossuth Univ., Debrecen, Hungary, 1979 
/ in Hungarian/ on the basis of the paper: P. Fassenden, 
D.R. Maxson, Phys. Rev. 1^8 /1967/948. 

3./ At E = 14.4 MeV 63= 6.4+1.2 mb by D. Rendic 
EXFOR 30194/ diff. cross, s. integrated from 0° to 90° c.m. 
From the average ia = 4.1 mb. 

II. For the ^ H /n,t/12C / 4.43 KeV exc. state/ process 
D. Rendic EXFOR 30194 gives 6 ^ = 23.**±3 mb /diff. cross. 6. 
integrated from 0° to 90° c.m./. ~ V Ol 

O^j was ronormalized by <5^ = ̂ EI*"©3- = ^ . O mb 

III. For the /n,t/JW process: 
At E = I5.7 MeV ^jjj = 0.8+0.5 mb, by J. MSsner 

et al. Nucl. Phys. A 103 /1967/238. 
CSTaOTj. + C m = 19.9 20 mb 

The 50% eifor was eotiinnted on the basis of the pa pet 
of S.M. Qoim, R. Wolfe, Nucl.Phys. A 295/1978/150 who gave 
Q* e JO mb for a higher enorgy, so the present & must be 
less than 30 mb. 

E /MeV/ 
13.0 
14.0 
15.0 
16.0 
17. o" 
18.0 
19.0 
20.0 

6/)ib/ 
1030 
2270 
3140 
3720 
4110 
4380 
4570 
4710 

lin.-lin. interpolation 
(X error is about 10% 

Calc. from 6* = 
with a s -5.00 MeV 

b = 2.21 MeV 2^ 
c n 8.29 

-V2 A e 27 
Q « -10.92 lioV 

The curve was calculated by fitting the experimental 
points of S.M. Qaim, Efays. Rev. C 25/1982/203, and 
S. Sud&r, J. Csikai, Nucl. Ehys. A 51Q/1Q7Q/1S7 
Exp. points: 
E/MeV/ ^/jib/ 

13.7 1780+ 300 
14.1 2680+ 300 
14.8 3130+ 400 

Sud4r - Csikai . 1979 

16.5+ 0.6 
17.4+ 0.5 
I8.3+ 0.4 
19.1+ 0.5 

3500+ 270 
4050+ 300 
4570+ 340 
4830+ 360 t 

Qaim, 1982 

It is discnrdod the E = 14.8 MoV, 6"<12.2^b 
value of A. Poulerikas, A.G. Gardner, EXFOR H533 /1963/ 



2/ 
E/MeV/ 

14.5 1.7 lin.-lin. interpolation 
15.0 36.0 ©'error is about 2555 for 

15.5 163 14.5 - 15.5 MeV and about 
16.0 377 1554 for 16.0 - 19.5 KeV 
16.5 618 
17.0 837 Calc. from <0 = e ^ * - 0 

17.5 1010 with a b -30.57 MeV 
18.0 1133 h = 24.39 MeV1''2 
18.5 1211 c = 2.28 
19.0 
19.5 

1252 
1267 * - + » A - 22 

Q = -12.72 MaV 

The curve wae calculated by fitting the experimental 
points of M. Bornonn, F. Dreyer, H. H.euert, I. Riehle end 
U. Zielinsky EXFOR 20898 /I966/ 
Exp. pointai 
E/MeV/ ^/yub/ 

14.7+ 0.35 
16.05+0.95 
17.05+0.95 

7.5+0.7 
471 i 61 
737+ 96 
1000+ 130 

l8»7°to".75 126C^ 160 
^•^lolfo 1380+ 180 

Bormann et al /1966/ 

The calculated curve la not in disagreement with 
the followirg exp. points: 

E/MeV/ 
14.6 4f 1 A.P.Baerg,G.C.Bowos, Can.J. 

Chem. 39/1961/648 
i».7± 0.3 20 ± 5 E.Weigold.R.N. Glover. llucl. 

Phys. 2g /1962/106 
14.8 <17 A. PoularikaB. D.G.Gardner, 

EXFOR 11533 /1963/ 
14.7 +0.-2 6.7±1.9 R. Sacher. H. Warhanek, 

EXFOR 20083 /1966/ 
14.7 +0.3 7.2±1.6 S.M. Qaim, G.L. Stocklin, 

J. Inorg.Nucl.Chem.j^ /1973/19 

It Is discarded the result of 

14.6 15^+70 M. DikeiS et al. J, Inorg. 
Nucl.Chem. /1974/477 

14.B 2200+200 C.S.Khurana, I.M.Govil. 
Hucl.Phys, 62 /1965/153 



E/MeV/ 

14.70 187 lln.-lin. Interpolation 
- 15.08 218 C error is 20?S at 14.7 KeV 
15.45 261 £?/<> at 15.08 MeV, 

24f. at 15.45 MeV 

The 14.7 MeV value Is an experimental one of 
T. Bir6, S. Sud&r, Z. Miligy, Z. Dezso end J. Csikai, 
J. Inorg. Nucl. Chem. 21 /1975/1583, 6" a 187+37/ib at 14.7 UeV, 

The 15.08 MeV value was calculated by the formula 

3 S'-O'o/ 1+ |y|/e^ 
with 

y = +faZ/AE o<= -0.667 MeV"1 

p = u.v?o me*"1 E = Ert - A E I* - 0.056 MeV' 
Z s 19 

here 
EQ = 15.08 MeV / 5 MeV excess energy above threshold1/ 
E B 14.7 MeV = 187 yib 

y e - 0.1458 QT0 = 218yib 

The 15.45 MeV value 

$ = 1*7/ with y = 0.1458 
6" = 261̂ ub 

see Z.T. B6dy, K. Mihaly, Report ZfK-491/1982/200. 



to o 

< s > 
B t for & only. 

t>+ 
38 V K Bf>6 Z>7777777? 1̂0 mln 

E /MeV/ 

14.5 11.7 
15.0 36.5 
16.0 92.2 
17.0 133 
18.0 160 
19.0 176 
20.0 18 7 

lin.-lin. interpolation 
C error is about 80% for 
14.5 MeV, 50T» for 15.0 MeV 
and 15% for 16.0-20.0 MeV 

Calo. from ff- + b x + c 

with 
a = -7.47 MeV x a+Q/"1^ 
b a 4.25 MeV^ A B w 

0 n 4.71 Q s -12.92 Mey 

The curve was calculated by fitting the exp. points 
of M. Bormann, F. Dreyer, H. Keuert, I. Blehle and U. Zielin-
aky, EXFOR 20898 /1966/ 

• Exp. points: 

E/MeV/ Cf//>v 

14.9 
-1.2 

31 + 5 

16.1 + 1.4 92 ± 11 

17.1 + 1- 3 

-1.4 
135 ± 15 

17.7 + 1 , 2 
- 1.4 

157 + 17 

18.0 + 
- 1.3 

158 + 17 

18 7 + °'7 
- 1.2 188 + 20 

1C1 (• + 0.2 1 9' 6 - 0.3 169 ± 18 

Bormenn et al. /1966/> 

The calculated curve is not in strong disagreement 
with the following exp. points: 

E/KeV/ <5/̂ ,b/ 

14.7 +02 <7*5 R. Sachor, 31. Warhanek, EXFOR " 20003 /1966/ 
14.7 + 03 27 i 8 S.M. Qaim, G.L. Stocklln, J.Inorg. Nucl. Chem. /1973/19 
14.7 + 03 <100 E. Y.'oit;old, R.H. Glover, Nucl. 

Phys. ^2/1962/106 
14.6 16 ±4 T.W. V/oo, G.N. Salaita, Intornat. 

Conf. on Nucl. Cross Sections for 
Techn.Knoxvillo,0ct. 22-26,1979 
NBS Spec. Publ. 594 /1980/p.853 

14.6 < 20 A.P. Baerg, G.C. Bowes, Can. J. 
Chem. /1961/648 

14.7 3.5± 1.4 
Z.T. Body, F. Cserpdk, J.Csikai, 
S. Sudar and K. Mihaly, Nucl. 
Data for Sci. end Tcchn. Internat. 
Conf. Antwerp.Sept 6-10,1902.Proc. 
ed. by K.H. Bockhoff ,1983.i;CGC, 
EEC,EAEC Brussels and Luxembourg 
p.368. 

Discarded date: 

14.8 20+4 mbl I C.S. Khurona, I.M.Govil, Nucl. 
Ptys. 6 2 / 1 9 6 5 / 1 5 3 

14.7 150+ 50 B. Minetti, A. Fasquarelli.EXFOR 
21288 

14.2+0.2 1 8 0 ± 2 0 N.Ti«ari, E. Kondalah, Phys.Rev. 
167 /19G8/1091 

14.6 3 1 0 + 1 8 0 M. Diksio ot al. J. Inorg. IIucl. 
Chem. ^6 /1974/477. 



S B 14.6 MaV 6"B 109 

er error la 207* 

This is an average of two exp. valuea 

1./ S.M. Qaim, G. Stocklin, Kuol.Haya. A 257 /1976/233 
BQBBured 

g 
0£ » 115 + 35 J& 

B at E» 14.6*0,4 MeV 
Oi < 20 jib 

2./ T.Vi. VJoo, G.N. Salaita, EXFOR 10764 /197S/ 
measured 

b 91 + 28 ub 
' a t S o 14.6 MeV 

crB « 9 ± 3 ̂ b 

Prom Oi S end O 2 6 w e h a v e ff5 = 100 + 21.8 
So 

6 = + erm = <y8 + © ^ B = 109 + 22 yib 

E B 14.6 MeV C = 88 ̂ ib 

C error is 25£ 

This is an average of two exp.values 

1./ S.M. Qaim, G.L. Stocklin, J. Inorg. Nucl. Cbem. 
35 /1973/19 measured 

= 66 x 2 0 a t E a 14.6 ± 0.4 MeV 

2./ T.W. Woo and. G.N. Salaita, EXFOR 10764 /1978/ 
measured 

b 109 i 16 jjl\> at E b 14.6 MeV 

From and G'g o n e c o n have the /simple/ mean 

= 88 i 22 ̂ib 



to, 

E /MeV/ e^/^b/ lin.-lin. interpolation 
14.0 658 C error is about 1 % 
14.5 977 Calc. from CJ-ne8*2^**0 

15.0 1300 with 
15.5 1600 a a -58.25 MoV 

b = 37.67 MeV 
c = 1.74 
A „ .^,-3/2 

V2 

A = 55 
Q =-9.32 MoV. 

The curve was calculated by fitting the HauBer-Feshbach 
calculations of S. Suddr, J. Ceikai, Nucl.Fhys. A 319 
/1979/157 /and priv. comm./ normalized to the exp. points 
obtained by the same authors. 

Exp. points: 

E /MeV/ 

14.6 
14.6 

G^jb/ 
990*100 
1250±150 J 

Suddr-Csikai /1979/ 



E B 14.6 *IeV 6*B 1J.2 jib 

6"error lo 

This Is en average of two exp. valuee. 

1./ B.M. Q o I d and G.L. Stöcklin, J. Inorg. Nuol.Chem, 

¿5/1975/19 measured 

= 105+35 jab at E = 14.6+0.4MeV. 

2./ T.W. Woo and G.M. Salaita, Internat. Conf. on Nucí. 

Cross Sections for Tochn., Knoxville, Oct. 22-26, 1979, 

HBS Spec. Publ. 594/1980/ p,853 measured 

Q z = 122+42 fib at E = 14.6 MeV 

6*2 8nd G i v e îb as an average. 

Discarded dato» At E=14.8+0.9 MoV O m = 600+100¡ib by 

D.U. Chittenden ot al. Phys. Rev. 122/1961/860. This is 

too high and it refers to the cross section loodinc 

to the metnstable .state only. 

At K=14.6 UeV 6"" = 351+Í.50;ib, by W. Dlfcsic fet al. 

J. Inore. Nuol. Chem. 36/1974/477 is also too high 

/ and also to the netaatable state only/. 

Kote. The above papers give also values for C»m.and CT8 

namely 61™ - 95+30>ib and $ 2 m • 10-5+ 4.2 ;ib, 

while <3i& « 10+5 fib and C"2
S • 17+6 ^ . 

Thin ie not in oontraâiotion with the result of 

A.P. Baerg and G.C. Bowes, Oaa. J. Chem. 23. /1961/648 

who gave 

S " 8 < 75 ̂ b at E - 14.6 MeY. 

B » 14.6 IJIeV b 45 ̂ ib 

Ö"' error is 27% 

i 

This is the exp. value of S.M. Qoim and 

G. Stöcklin, Hud. Phya, A 257/1976/233 who 

mea-sured 

6" = 45+12 /ib at E B 14.6+0.4 MeV 



lin.-lin. interpolation 
& error is 2?>l for 

14 and 15 MeV and 1 % for 
16-20. MeV 

Calo. from & n 0«£2+t«+c 

with 
a & -27.95 MeV 
b a 10.43 MevV2 
0 e 6.90 

x = /^En + Q/'^ 
A = 59 
Q = - 8.92 MeV 

The curve was calculated by fitting the Hauner-
Feshbach calculations of S< Sudar and J. Csikai, Nucl. 
Phys. A- 519 /1979/157 , / and priv. comm./ " normalized'" 
In a least square sense by the oxp. points of the same 
authors and those of S. M. Qaim, Pliys. Rev. C 25/1982/20 
end that of T. Biro, S. Sudar, Z. Miligy, Z. Dezsd, J, CJtka 
J. Inorg. Nucl. Chom. £2/1975/1583. 

E /MeV/ G/jxW 

14 355 
15 617 
16 892 
17 1153 , 
18 1389 
19 1596 
20 1774 

to 

Exp. recultsi 

E/MeV/ 6" /jib/ 

14.5 690+ 130 

14.5 590+ 120 
14.8 1270+ 250 
16.3+ 0.6 ' 860+ 80 

17.7± 0.8 1220+110 

19.Qt 0.6 1610+ 150 

14.7 650± 130 

Sud&r-Csikai /1979/ 

Blr6 et al. /1975/ 

Discarded dates 

E c 14.8 MeV 

E c 14.8 MeV 

S'a 2100+20Qab C.S. Khurana, I.M.Gov11, 
~ 7 Nucl.Phys. 69 /1965/153 

19+14 11b A. Poularikas, A.G. Gardner 
! EXFOR 11533 /1963/ 



58 

E /MeV/ C/pb/ 

14.0 11. 
14.5 54 
15.0 167 
15.5 380 

lin.-lin. Interpolation 
C error is about 50% 

celc. from C = e631 + b x + 0 

with a = -34.81 MeV 
b « 9.31 MeV1/2 

o B 9.83 

* •>4+37 +<¥ 
Q =-11.12 MeV, A=58 

The curve was calculated by fitting the 
Hauser-Feshbach calculations of S. Sud&r and J. Csikai, 
Kucl.Phys. A 319 /1979/157 /and priv. comm./normalized 
in a least square sense to the following exp. points: 

by S.Sud&r and,. 1./ E = 14.4 MeV 6^= 22* 11 jib 
J.Csikai, Nucl.Rays. A 319 /1979/157 

27/E = '14.6+C.4 MeV " 92+27-^b ''." by S.M. "Qaim, 
G. Stocklin, Hucl.EhyB. A 257/1976/233 

3./ E = 14.6 MeV G y 111+23^ib by T.W. Woo, 
G.N. Salaita, EXFOH 10764/1978/ 

O ^ and were renormalized to 

r6*2= 86+25 /ib 
r 6^= 104+ 22 yub 

/For the renormalization see comments et 

E s 14.6 MeV C = 57 ̂ b 0* error is ~30% 

This is a renormalized experimental value. 
S.M.Qaim and G. Stocklin, Nuol.Hiys. A 257/1976/233 
measured & = 61*20 jib at 14.6*0.4 Mev; the renormalized 
value: 57+19 jib. 

Benox-inalizationt Qaim and Stocklin used the reaction 
,p/ with cross section of 370+40 .mb. On the basis 

of the BKX-325/1976/ the eight different values for this 
reaction et 14.5-14.8 MeV gives an average value of 
347+8 mb. This value was used for renormalization here 
and also in the case of ^Ni/n,t/ measured by the seme 
authors with the same standard and also for the ^®Ni/n,t/ 
measured by Woo with the same standard. 



lin.-lin. interpolation 
6 " error ie 20£ et 14.6 MeV, 
25f« at 15.4 MeV and 
27% at 16.2 MeV. 

E /MeV/ CT/jib/ 

14.60 75 
15.44 216 
16.26 395 

The 14.6 MeV value is an average of two exp. values 
after renormalization: 

measured by S.M.Qaim, G.Stocklin, J.Inorg.Nucl.Chem. 
os"" £5/1974/477. 

measured by M. Diksifc at al. J. Inorg.Nucl.Chem. 
,2^/1974/477. 

/ Both and were measured at 14.6 MeV/ 

Original Renormalized 
66± 23 »b 86+ 23 pb 

' simple means 
tf2» 33+ 10 ub 63+ 19/b 

The 75 jib value at 14.6 MoV is not in disagreement 
with the value of J. Csikai, K. Jost, A. Szalay, Acta 
Hung. 24 /1968/199 which Is 150+100yub et 14.7 MeV, after 
renormallztition it is 136+.90 yub. 

The 75 jib value at 14.6 MeV Is also agrees with the 
result of A.P. Baerg, G.C. Bowes, Can.J. Chem. £2/1961/6^6 

which is 100 ̂ib at 14.6 MeV. 
For tho rcnormlizotions 

The 6"lt <T2 values and the 6" of Csikai et al. 
were obtained by usinG the some standard, the 6^Zn/n,p/ 
cross section. For the 159+12 mb, for 6"2 the 83+15 mb 
and for the Q" of Csikai et el. the 175 mb value was 
used. Now, the 159 mb value was accepted for renormaliza-. 
tion. 

The 15.4 MeV value was calculated by the formulas 

©'-e; /i+ /e27 

with y a /0< t ^ Z / A E d = -0.667 MeV"1 

E = E0+ A E (b a 0.056 MeV"1 

Z = 30 

E Q = 15.4 MeV /5 MeV excess energy above threshold/ 
here 

E = 14.6 MeV s 75^ub 

so y =-0.8306 and = 216 ̂ b 

The 16.2 MeV values 

C a 6^/1 + y/ With y a 0.8306 

& a 395 /rt) 

sees Z.T. Body, Mih&ly, Report ZfK-491 /1982/200. 



Go 

E B 14.7 6"= 36 ̂ub 

error Is 20ft 

This Is an exp. value of S.M. Qaim and 
G.L. Stocklin, J. Inorg. Nucl. Chem. 35 /1973/19 who 
measured 

O^b 36*10jib at E » 14.7 * 0.3 UeV 

to -j 

(5 ® only J 

E = 14.6 MeV <3 - 30jib 

Q" error is 27% 

This is an exp. value of T.W. Woo and 
G.N. Salaita, Internat. Conf. on Nucl. Cross Sections 
for Techn., Knoxville, Oct. 22-26, 1979, NBS Spec. Fubl. 
594 /1980/p.©53, who measured 

B 30* 8 jib . at E= 14.6 MeV. 

This is the cross section of the process leading 
only to the ground state of the residual nucleus. 

E b 14.6 MeV s 63 jib 

& error is 35?; 

This is an experimental value of S.M. Qaim and 
G. Stocklin, Nucl. Hwfl.A 257 /1976/233 who measured 

C b 63* 22jib at E b 14.6*0.4 MeV 



8 V 

E a 14.6 MeV C • 2.9 J & 

& error is 50p5 

This is the average of two exp. values. 

1./ S.M. Qaim and G.L. Stocklin, J. Inorg. Nuol. Chem. 
35 /1973/ 19 measured 

= ?.8+1.0 ̂ih at E = 14.7+0.4 MeV 

2./ T.W. Woo and G.I.'. Saleita, Internet. Conf on Nucl. 
Cross Sections for Techn., Knoxville, Oct. 22-26, 1979. 
NBS Spec. Publ. 594/1980/ p.853 measured : 

= 2 +0.6 jib at E a 14.6 MeV. 

' The present C i s a simple mean of OJ m and Og"1 • 

Discarded value: M. Diksic et al. J. Inorg. Nucl. Chem. 
£6/1974/477 measured a 15.4+10yib at E=14.6 MeV 
which is a too high value as compared to the others. 

This is the cross section of the /n,t/ process 
leading only to the 2.8 hr. • excited state of the 
residual nucleus. 

B a 14.6 MeV Q? a 41 jib 

the error of (T is 27% 

This" is an exp. value of S.M. Qaim and 
G. Stocklin, Nucl. ays. A 257/1976/233 who 
measured 

o 41 ± 11 jib at E a 14.6±CUMeV 



93 Nb, 

E /MeV/ Q-/jx b/ lin.-lin. interpolation 
1^.5 386 error is 10fJ 
15.0 400 
16.0 478 was calculated from the 

17.0 620 formula: 

18.0 846 Q' = 0ax2+b+c 
19.0 1185 with parameters: 

a = 214.09 MeV 
b a -151.77 MeV1^ 

• = 32.85 , = / ^ + Q / - V 2 

Q = -6.22 MeV 

A = 93 
The parameters In the formula were determined on 

the basis of the following experimental data: 
1./ E = 14.6 MeV 353+100 nb 1 s t run 

~ n/i by S. SudAr 
E s 14.6 MeV 6"a 390+100 ;ub 2 n Q run and J.Csikai, 

Nucl . Rays. A 519 /1979/157 

2./ E = 16.3+0.6 MeV 6"= 460+50 ub 
by S.M. Qnim and 

E = 17.7+0.8 MeV 0*= 790+90 Hb R.Wolfe, Fhys. Rev. 
_ C 25 71982/203 

E = 19.0+0.6MeV 0^1080+120 yub 

E b 14.6 MeV & = 62 ̂ b 

QT error is »\/30̂  

This is the simple mean of two exp. values with 
increased error. 

1./ GJ = 50+23 ̂ ib at E = 14.6*0.4 MeV by S.M. Qaim and 
G.L. Stocklin, J. Inorg. Nucl. Chem. /1973/19 

2./ ££ = 73+8 ̂ib at E a 14.6 MeV by T.W. Woo and 
G.N. Salaite, EXFOR 10764 /1978/. 

C was obtained as a simple mean of G^ and 
Because both group used the ^2Mo/n,p/ reaction.with 
er s 60.5*4.5 mb cross section as a standard, and because 
according to BliL-325 /1976/ p. 239 this /n,p/ cross section 
is rather uncertain, the error of the present ^.lo/njt/ 
cross section has boen increased from 20# to 30$. 



E = 14.7 MeV 6"= 7?Opb 

QT error 1B 

This is en exp. value of T. Bir6, S.Sud&r, 
Z. Mllisy, Z. Dezsfi and J. Csikai, J. Inorg. Nucl. 
Chem. 57 /1975/1583 wko measured 

0 " • 730+220 ub at E b 14.7 MeV 

E b 14.6 MeV <5" = 64 ̂ib 

§" error ia 34 ft 

This is an exp. value of T. W. Woo and 
G. N. Salaita, Internet. Conf. on Nucl. Cross Sections 
for Techn., Oct 22-26, 1979, Knoxville, TN,USA, Proci 
NBS Spec. Publ. No. 594 /1980/ p. 853. who measured 

C b 64± 22 ub at E s 14.6 MeV 

E b 14.6 MeV 6" = 81yub 

error is 17 % 

\ 

This is the sum of 0*m and 6"s measured 
by T.W. Woo and G. N. Salaita, Internet. Conf. on 
Nucl. Cross Seotions for Techn., Oct. 22-26, 1979, 
Knoxville, TN, USA, Proa.:NBS Spec. Publ, No 594/1980/ 
P. 853. 

For 106Cd /n,t/104mAg <rm= 57+12 ̂ab, and for 

.106Cd /n,t/104sAg CTS= 24+5 jib was obtained, 
reap. Using <$m and Cs we have for 

C = 6 B + ( 0 m = 81+14 jib. 
Both cross sections wore measured at E = 14.6 I.ieV. 

Note for calculation of the orror: In calculating the 
error of ©" we also took Into account that for both 
cross sections the same monitor reaction was used with 
an error of 8.6Z». 



E B 14.6 MeV 6*b 36 jib 

6* error 1b 22?» 

This is an experimental value of T.W. Woo and 
G.N. Salaita, Internet. Conf. on Nucl. Cross Sections 
for Techn., Oct. 22-26, 1979, Kaoxville, TIT, USA, Proc.i 
NBS Spec. Publ. No. 594 /1980/ p.853. who measured 

= 36+8 fib at E a 14.6 MeV 

E a 14.6 MeV & a 61 jib 

C error is 16% 

This iB the sum of Q'® end measured 
by T. W. Woo and G.N. Salaita, Internet. Conf. on 
Nucl. Cross Sections for Techn., Oct. 22-26, 1979i 
Knoxvllle, TN,USA, Proc.j KBS Spec. Publ. No. 594 
/1980/ p. 853. 

The results of the measurement are: 

for 112Sn /n,t/110tnIn <3"m a 33± 6yub and 

112 HOg R 
for Sn /n,t/ In Q <= 28+7 jib. 

Now, we have 

6" = + G ^ = 61+l^ub. 

Both cross section were measured at E = 14.6 I.leV. 

Note for calculation of the error: In calculating the 
error of 0* we also took into account that for both 
cross sections the same monitor reaction was U6ed with 
an error of 7.3p/«* 



q-6 only I 

g 

E a 14.6 MeV <3* = 2 4 j i b 

Of error is ijff* 

This la the exp. value by T.W. Woo and 
G.N. Saloita, Internet. Conf. on Nucl. Cross Sections 
for Techn., Oct. 22-26, 1979, Knoxville, TN,USA. Proc.J 
NBS Spec. Publ. No. 594 /1980/ p. 853 "bo measured 

g 

Q- = 24f 8^ib ... at E = 14.6 MeV. 

This is the cross section of the ^®Te/n, t / 1 2 8 % b 
process leading only'to'the 8.9 hr. ground state of 
the residual nucleuBl 

oalyl 

E b 14.6 MeV b 20 jib 

(5 error is 20% 

This is the mean of two exp. values, 

m 

1./ a 21+5^ib at E b 14.7+0.3 MeV by S. M. Qeim 
and G.L. Stocklin, J. Inorg. Nucl. Chem. /1973/19. 

m 
2./ 6*2 = 18+5 jib at E = 14.6 MeV by T.W. Woo and 
G.N. Salaita, Internat. Conf. on Nucl. Cross Sections 
for Techn., Oct. 22-26, 1979,. Knoxville, TN,.USA. Proc.: 
NBS Spec. Publ. No. 594 /1980/ p. 853. 

Prom and O ^ " w« have 

6" *I9.5±3.6yub ss 

« 20+4 j i b s 20 Jib +20/o. 

This is the cross section of tho 1 3 9la /n,t/137mBa 
proceoa leading only to a 2 .5 nin. exoited state of'tho 
residual nucleusI 



3 - 14.6 MeV C » 134 yub 

& error la 22% 

This is mean of two exp. values. 

1./ = 52+l^ib at E a 14.6+0.4 MeV by S.K.Qaim 
and G. Stocklin, Nucl.Ehys. A 257 /1976/233 and 
renormalized by J. Csikai and A.K. Chouak, Radlochlm. 
Acta £6 /1979/135 as 

= 104+30 jib 

2./' = 1 6 4 + 1 4 a t E s 14.7 MeV by J. Csikoi and 
A.K. ChoUak, Radiochim. Acta ,26 /1979/135. 

S' was calculated as a simple mean of © ^ 

as 
<0 = 134+30 jib = 134 jib +22fi 

This value is not in contradiction with the 
upper limit 6" < 210yub at 14.8 MeV by J. Csikai, V.I. 
Fominich, T. Lakatos. Acta Ehys. Hung. 2fi/1968/233. 

E . 14,e MeV & m 12 yjb 

6* error la 25ft 

This is an exp. value by H. Liljjavirta, 
T. Tuurnala, Fhysica Scripta 18 /1978/75 and 
EXFOR 20860 who measured 

^ b I3+3 ub at E = 14.8+0.7 MeV 

E b 14.6 MeV ^ = 33 

CT error is Ztyo 

This is an exparimental value of T.W. Woo 
end G.N. Seltiita, Internet. Conf. on Nucl. Cross 
Sections for Techn., Oct. 22-26, 1979, Knoxville, TN,USA. 
Froc.tNBS Spec. Publ. No.594 /1980/p. 853 who measured 

S' b 3 > 8 ub at E b 14.6 MeV. 



E = 14.6 MeV O' = 30 jxb 

0" error la 2 0 ' 

' ' This is the maan of two' exp. values. . 

1./ : 6 \ =. 32+10yub at E o 14.6+0.4 MeV by S.M. Qaim 
and G. Stocklin, Nucl. Phys. A 257 /1976/233. 

2./ 6*2 = 29+7yib at E = 14.6 MeV by T.W. Woo 
and G.N. Sal&ita, Internet. Conf. on Nucl. Cross Sections 
for Techn., Oct. 22-26, 1979, Knoxville, TN,USA. Proc.: 
NBS Spec. Publ. No. 594 /1980/ p.853. ' 

& i s the weighted mean of Qf- and 2 as 

Q b 30*6 /ub. 

/ 209 \ 

V ! / 
E s 14.6 MoV B 300 f b 

(3 error is 17ft 

This is an experimental value of S. Sv,d6r and 
J, Csikai, Nucl. Phys. A 319 /1979/157 who measured 

Q" s 300 ± 50 ub at E = 14.6 MeV. 

E = 14 MeV . & C X 20 ̂ ib 

no terror was given 1 

This i s an exp. value by N. Trautmonn, R. Denis, 
and G. Hermann, Redioohim,. Acta 11, /1969/ who measured 

& C 20 ̂ b at E e 14 MoV 

/ no C error was givenl / 


