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Compilation of the dats om muclesar reactions sad svbeequeat radio-
active decays induced by 14-Me¥V meutrons is preseanted ia tabular form
for most of isotopes available in nature, includisg the follewing:

Nuclide (isctopic abundence), type of wuclesr reectiom,

reactiom Q—nlu, reaction product, type of decsy,

decay Q-valwe, half life of resctios product, decsy prodect,

maximum veaction cross sectiom, meutrom esergy for maximwm

cross sectiom, resction cross sectiom for 14-NeV meutroms,

radioactivity induced by irrsdistiom of s mewtrom flux of

1x1015 n/cu?sec for & months, and referemce for the cross

sectiom.

The mass mmber dependences of (n,2m), (n,p) and (mn,a) reactiom cross
sections by 14-MeV neutrons are givea ia figures to show geseral treads
of the cross sectiome.
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5.1 Introduction

One of the most important factors to be comeldersd in choosing
conutnncti.o- materials for design of the possible muclear fusiom reactor
is tlu nucl.ur reactions by 14-MeV neutrows sad following reaiiosctive
dgcayc. The nuclear data relevaat to the ruct:lo- and decay are:

(1) Muclear resction cross section by l4-MeV meutroms, and, also
by degraded neutrons due to slowing-down in the meterials, .

(2) Type of particle and its kinetic emergy emitted from the .

nuclear reaction, amd '

(3) Type of decay, decay emergy and half 1ifs of the reaction

product .,

In this report, these data sre compiled for most of isotopas
available iu nature. Furthernore, the imtensity of the radioectivity
induced by irrsdistios of a newtrom flux of 1x10!5a/cusec for 4 momths
is also tsbulated. From these dats it is sasy to eatimate the radiation
level aftsr soma period ’of cooling.

§.2 Muclear resctiom cross sectiom

Reaction croee sectioms by 14-MeV seutrons have been hitherto
reported in a lot of published papers. The discrepancies smong the
reported data are, however, very large and much larger than the errors
quoted by suthors of the pepers. The Crose sectioms, sometimes, fluctuate
by an order of magaitude ot larger. It is very difficult to evaluate
these cross ssctions, becsuse the origine of the discrepsncies are not
clear in most cases. Ows of the erigine mey be ssbiguity in decay
scheme of the products. In the presest compilstion, plursl mumbers of the
dats ‘arc preseated for sems cases, being gquoted from tha papers of experi-
ments, compilatioms, eveulstioms smdfer theoretical estimations. In the
section of References, titles of the pepers ars shown for informmtios.
The figures in the table sre limited to ome er two digits in most cases,
and any error of the croes sectioms is mot quoted.

One remark which should be added is that, sisce im many messurements
the activation mathod is adopted, .— of the cross sections to the:grownd
lnteandtothcimucumhutmuurﬂyqultotﬁctoul
cross section of the reactiom, but meay be larger.

Type of Teactions possible by the 14-HeV neutrons are nostly (n,y),
(n,n'), (n,20);, (u,p) and (n,a) in sdditiom to the elastic scattering
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which 1s excluded in the preseat compilatiom.

(1) The (m,y) resctiom cross sections are am order of ome millibara
orl.u:;tl.ble'. Munu«rdhmormn‘thtbn-l
onergy. Sometimes large resomances axist betweea the two
energies. ’

(2) The (n,n’) reaction: cross sections become flat sbove a few MeV,
aﬂﬂcymnboutthmitudcofouhn In present work,
mmhwuwlmg-nudi.euuuceqﬂqut for L1 isotopes.

(3) The (1,2-) ruct:l.c- Cross sectioms bacome to be the maximem
around llolh', mul their sagnitude smounts to a few barms.
Thcyi-erquvith-un\dntl, and within the same isotopes
they rspilly increase with A.

(4) The (n,p) and (n,a) resction cross sections are by factor of tea
less than those of the (n,2n) reactioss. They dacresse with A, .
and within the same isotopes they rapidly éecreses with A. The
(n,a) reaction cross sections are by factor of 2.5 smaller tham
those =f the (n,p) reactions. Both approximately vary with A,
atomic mumber Z, and neutron number N as im the following(ref.27),

o{n,a) = 0.40(n,p)
= 0.290, exp. [-33(N-I)/A] . (D

Bere,

o= .n_.g “113 + 1)2.
with

rg=1.2x10713 ca .,

The (n,2n), (n,p) and (n,a). reaction cross sections for esch nucleus
are plotted with mass number in Figs. 1, 2 aad 3, respectively. Syd\:ol
in the figures desigmate isotopes, abwndance of which are more than or .
nearly equal to 30Z. A growp of points for the same isotopes are commected
by a lime, snd labeled by the isotopic symbol. If plursl data are shown
for the same muclide im the table, these are plotted in the figures.
Then the maximm values are chosem for the commection in most cases. In
Appendix, muclei and nuclesaxr reactioms, cross sections of which are mot
available at this time, are listed.
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§.3 Nuclesar-reactiomn (-value snd kimetic emergy of am emitted prticic

The rulation batwesn the reaction Q-vnlu 1a the third colusa of the
table and the kisetic esergy E of am emitted perticle is givea ss follows.

'

Eo(l-gn) @+g-E) . @
If.nind-«!,
E=@+E)~ 210+ a+DEy. ' &)

Here,

: incident neutron snergy,

: neutron mass,

: mass of an emitted particle, and

: mass of a target nucleus.

The threshold energy of the nuclear reactiom, if the Q-value 1s negative,
is

x® g

(Eehres = UL +3D D . ®

§.4 Induced radiocactivity of a resctfom product

Radfosctivity R of a ruct!.ol product induced by s neutron flux F
after irradistion time T is given u follows, 1f decresse rate of nusber

of target atoms (P ™0} is neglected.

T o
R - ALFl.u"“T"‘)dc ‘

Moot - Ty

-o 693‘\'/:,/2) . %)

- Figo(1 -

¢ ¢ relevast reﬁct:ton cvoss section of nuclews,

A 1 decay conal:.nl: of the product,

ti12¢ half lifa of thc product, (A=0.693/t;,2), and

Ny : mumber of rd.cnnt nocled per cu?,
Inthecucofmrcdnbhdccrmeoftbcuulcdutothﬂn,‘t:m

[—one""'{T —(1/- f"T)}l should be added to the right side of eq. (5).
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", for & li:mth-,
R (curie/mol) = 16.20 (1 - ‘M.Sltllz). (6)
(o inwb and t;/7 in day)
or .
R (curte/mol) =1 o (1 - & 0-B/1f2), ™
(c in = od t1f2 in year)

These formulae reduce to

R (curie/mol) = 16.20 for t;/p<<T, (€)]
(o 1n wb)
and
R (curie/mol) = 3.74 0/t /; for ty 2>>T. (¢)]

(o in mb and t)/, in yesr)

For the case of serial decay, the fi:ut and second product nuclei
after the reaction decay as e A1t and —( -he, lzt) respectively.
Then, in the case of irradiation of a uutm flux of 1x10!5 n/cu?sec
for 4 months,

R; =R
and

Ry = 16,201 - 2k~ ¢ MT 4 2L oo (10)

2=Xy 2-31 .
Here, A; : decay constant of the first product,
Az : decay constant of the secomd product,

R; : radioactivity of the first product, and
Rz : radicactivity of the second prodnct._

§.5 Explanation of the tasble

From the left to the right in coluams of the table, the following
items are tabulated.

Nuclide (Isotopic sbundance) : The sbundance is gquoted from
ref. 32,

'l'yfe of nuclesar reaction:

Reaction N-value (lhv) quoted from ref. 4 and ref. 33 except
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for 11, Q-values of which are quoted from ref. 12 amd ref. 10.
Resaction product 3 Suffix m desigmates metastable state.
Type of decay : The Teaction product leads to thdocayproduct

via IT (isometric trassition), 8~ decay, I docny aadfor EC

(slectron cspture) (ref. 3 and ref. ).

Decay (-value (MeV) : lcnlucrufor T, -nt:l.—mrgyfor!
decay, sad (Q-value of elsctm capture for B decay asad/or EC
(ref. 3 and ref. 34).

Half 1life : qwud‘ from r~f. 3 and ref. 3.

Decay product : including the successive decay product, if exist.
umber in porentbeses shows the half 1ife of the sacond

'decay product (ref. 3). '

Maximum resctiom cross sectiom (barms) : Plus siga demotes the
cross section increasisg with energy aroumd 14-MeV.

Weutron anergy for. the maximum cross sectiom (Ma¥): "thermal”
means thermal neutron incm.

Reactiom cross section ¢ for the 14-MeV meutrons (barms):

Radicactivity (curie/mol) : being imducad by a 14-MeV meutron flux
of 1x1015 n/cu’sec after 4-month irradistion of ome wol of
the atoms. Number in pareatheses shows ndiuctlviti of the
second product. .

Reference : for resction croas section for the 14-MeV neutrons and,
also, the maximum resction cross sections.
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Fig. 1 o(n,28) vs. 4 The explasacion of the figure 1s fowsd ia 5.2.
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Appendix

Nuclei and nuclear reactions, cross sections of which are not available

at 14 MeV are as the followings.

(n,Zn)' reactions

ZSH" 25!!;, 30g4

(n,p) reactions
82gy 100y, 110pq 151’“, 156g4, 160gy, 162py 164p, 185y

181y, 202gg 206py 207py

{n,a) reactions
70ce, 76se, 775e, 325e, 36sr, 87sr, 91zr, %Mo, %Re, 105p4,
110cq, 1llgg, 117g,, 119, 120g, 121g, 123g, 136, 137',.’
163py 166gy 167y 1697y 1751, 182y 19264 1927y 195p,
207py

In this Appendix, only those isotopes, ghudnce of which are important

in consideration, are chosen to be listed.

~81—



. Errats )
Wrong Correct
p.1, L.29 two digits’ - two signigicant digits

p.3, L.3 as foliows. as follows after averaging over
the emission angle.

: . B
p-3, Fa.2 ¢y~ Ep * Femow En

n ] )
p.3, Ea.4 (14 5P (-Q 1+ ) (-0

p-28, L.14 (2n, 2n) {n, 2n)

<



