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The 01 6(n,p) N16 Reaction Cross Section 

The 0 1 6 ( n , p ) N1 6 react ion produces the pr incipal radio-
ac t iv i ty in the coolant dur ing operat ion of water-cooled 
reactors . High energy gamma rays accompany the decay 
of N16 . The cross section for this reaction has been the 
subjec t of several exper imental invest igat ions, the resul ts 
of which have at t imes been in apparent agreement and a t 
o ther t imes in apparen t disagreement . I t is the purpose of 
th is note to summarize a review (1) of the avai lable in-
format ion concerning the cross section for th is react ion 
with regard to appl ica t ion to water-cooled reactors . 

The reaction cross section averaged over the fission 
neu t ron spect rum has been deduced f rom ac t iva t ion meas-
urements obtained using water circulated th rough a reac-
tor . The ac t iva t ion flux used by Henderson and Tunnicl i ffe 
(2) in arr iving at a cross section of 18.5 ± 1.5 ^b is deter-
mined f rom a calculat ion of the average p a t h length of a 
fission neutron in the cooling water channel of the reactor 
fuel element. Honeck has calculated this average p a t h 
length using Monte Carlo techniques which account for 
self-shielding in the fuel element, thereby obvia t ing the 
need for an assumed angular dis t r ibut ion of the neu t rons 
enter ing the coolant channel . The results, as repor ted by 
the Neu t ron Cross Section Eva lua t ion Group (3), are about 
one half as large as Henderson ' s , and would increase t he 
cross section by about 2. When the integral ac t iva t ion cross 
section, of 19 ± 5 jub, repor ted by Roys and Shure (4) is 

ad jus ted for t h e more recent informat ion on the yield of 
0.74.high energy gamma rays per N1 6 d is integrat ion and 
the improved confidence of the magn i tude of the A l (n , a ) 
cross section which had been used as a moni tor of the act iva-
tion flux, t he 0 1 6 ( n , p ) value becomes 21 dz 4 ^b. 

Mar t i n (5) had measured the exci ta t ion funct ion of t he 
0 1 6 ( n , p ) N1 6 react ion f rom 12.4 to 18 Mev. DeJuren , Stooks-
berry, and Wallis (6) have extended the range of the meas-
urements , covering the region f rom 11 to 19 Mev with im-
proved energy resolution. Their more accura te technique 
for moni tor ing the i r radiat ion flux gives results lower t han 
those of M a r t i n by about a factor of 2. The i r results exhibit 
a prominent resonance near 11.8 Mev previously unob-
served. Similar measurements have been made between 
12.6 and 16.3 Mev by Seeman and Moore (7). 

In averaging the excitat ion func t ion , i t is impor tan t 
t ha t the absolute value and shape of the fission neut ron 
spect rum wi th in several Mev of t he react ion threshold of 
10.23 =h 0.01 Mev be used. In the energy region above 10 
Mev, exper imenta l informat ion on th is spec t rum is scanty . 
The results of W a t t (5) and of Frye and Rosen (9) are given 
in Fig. 1 wi th a rb i t r a ry normalizat ion a t 7 Mev, with con-
sistency noted even above 10 Mev. Also seen in Fig. 1 is 
the shape of t he Wat t spect rum (e~E s inh -%/2E) and t h a t 
ol the Cranberg spec t rum ( e -^ /°- 9 6 5

 s i n h \/2.29E), both 
normalized to the experimental resul t s in the 3-4 Mev 
range. These shapes are consistent wi th the available 
experimental informat ion in this region, wi th the Wat t 
spect rum providing a somewhat be t t e r fit. The relat ive 
number of neu t rons with energies grea ter t h a n 10 Mev 
predicted by these representat ions differs by about 17%. 

When the resul ts of DeJuren , S tooksberry , and Wallis 
are weighted wi th the Wat t spec t rum, the average cross 
section is 19 txb. When weighted with the Cranberg spect rum, 
the average cross section is 16 jub. These results agree with 
the ad jus t ed integral act ivat ion cross section of Roys and 
Shure, 21 =t 4 jub, to within the uncer ta in t ies of the ex-
perimental in format ion . 
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Cadmium Ratios of U235 Fission in Slightly 

Enriched Uranium, Light Water 

Moderated Lattices* 

The initial conversion ra t io of mult iplying assemblies 
containing U238 can be inferred f rom measurements of the 
ra t io of epicadmium to subcadmium capture in U238 (p2g), 

* Work suppor ted by the U. S. Atomic Energy Commis-
sion. 

expressing the contr ibut ion of the U233 epicadmium fission 
either in t e rms of the rat io of epicadmium to subcadmium 
fission in U235 (525), or in terms of t he cadmium ra t io in gold 
(CdRAu) CO-

Work per formed a t BNL in slightly enriched uranium, 
water modera ted lat t ices {1,2), has shown a discrepancy be-
tween conversion rat ios deduced f romp 2 8 and CdRAu meas-
urements , and those deduced f romp 2 8 and 525 measurements . 
Since in ref. 2 it was s ta ted t h a t the gold cadmium ratios 
measurements were probably the most reliable ones, the 
values of 625 seeming systematical ly low, some by as much 
as a fac tor of two, the cadmium rat ios for U235 fission of 
some of these la t t ices have been remeasured, using a tech-
nique similar t o t h a t t r ied at W A P D (2). 

The method originally used at B N L , and described in 
ref. 1, consisted of counting the fission product (3 ac t iv i ty 
of high pu r i t y Al catchers , which had been i r radia ted , one 
bare and one cadmium-encased, between sections of fuel 
rods in min ia tu re lat t ices. Minia ture la t t ices (18 in. tal l) 
were preferred t o exponential assemblies because of their 
ease of operat ion and of the higher flux a t t a inab le , previous 
work having indicated t h a t the use of a reduced size as-
sembly does not have appreciable effects on the values of 
the measured parameters . 




