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Maclaar Baactloaa aa* faboaaaaat kailaaetlva 

Decays Iaaacad ay 14-aa* aaatroaa 

Klaao Tsatsls 

Mvlaloa of Payalca, Total, JUKI 

(hoilfW Pirsaair 10, U7S) 

Cuaallstioa of taa data oa — c l — r raactloaa aa* aaaaaaaaat radio

active decays ladaced Vy 14-MeT aaatroaa la areatarad la tafealar font 

for aoat of Isotopes avallaUe la aatare, facladlaa, the fellealagi 

Raellde (laotople ahaadaaee), tyae of aaclear raactloa, 

raaetloa Q-Yalea, raaetloa erodect, type of decay, 

decay Q-ralee, half U f a of raactloa product, decay erodect, 

•erlaw raactloa cross eectloa, aeatroa aaorty for aaxlaaa 

croaa eectlea, raaetloa croaa eectloa for l*-*s» aaatroaa, 

radioactivity laiacsd ay lrradlatloa of a aaatroa flax of 

lxlO15 n/ca?«ac for 4 aoathe, aad rafaraaca for tka croaa 

eectloa. 

The aasa aaabar sspaadoacse of (a,2a), (a,p) aad (a,a) raaetloa eroaa 

sections by 14-HtY aaatroaa ara glvaa la flgares to show geaeral treads 

of tbc croaa aaetloaa. 
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i.1 Introduction 

On* of the most important factors to b« c o n U t w d la choosing 

construction materials for design of the possible unclear fusion reactor 

la the nuclear raactloas by l*-HeV neutrons and following readloective 

decays. Th« nuclear data relevant to the reaction- and decay are: 

(1) Nuclear reaction cross section by 14-MeT neutrons, and, also 

by degraded neutrons due to alowiag-down In the aaterlala, . 

(2) Type of particle and its kinetic energy ealtted from the 

nuclear reaction, and 

(3) Type of decay, decay energy and half life of the reaction 

product. 

In this report, these data are compiled for noet of Isotopes 

available la nature. Furthermore, the intensity of the radioactivity 

Induced by irradiation of a neutron flux of lxlOI5n/cn2sec for 4 nonths 

is also tabulated. Fran) these data It is easy to estimate the radiation 

level after sons period of cooling. 

f .2 Nuclear reaction cross section 

Reaction cross sections by le-Mef neutrons nave been hitherto 

reported la a lot of published papers. The discrepancies among the 

reported data are, however, very large and much larger than the errors 

quoted by authors of the pspars. The cross sections, sonatinas, fluctuate 

by an order of magnitude er larger. It is very difficult to evaluate 

these cross sections, because the origins of the discrepancies are not 

clear In noet canes. One of the origins nay be anblgulty la decay 

scheae of the products. la the preeent roup list ion, plural aunhers of the 

data are presented for ssas cases, being emoted from the papers of experi

ments, compilations, ovulations and/or theoretical estimations. In the 

section of Kefereaces, titles of the papers are shown for information. 

The figures la the table are Halted to one or tmo digits la most cases, 

and any error of the cross sections ia mot emoted. 

One remark which should be added is that, since la many measurements 

the activation method is adopted, sua of the cross sections to the ground 

state and to the isomeric states is not necessarily equal to the total 

cross section of the reaction, but may be larger. 

Type of reactions possible by the 14-HeV neutrons are mostly (n,y), 

(n,n'), (n,2n), (n,p) and (n,a) la addition to the elastic scattering 

- » -
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which la eaclueed la th« praeaat coapilatloa. 

(1) The («,T) reaction croM sections arc aa order of one ailllbara 

or leas at 14 Me*. They are several baza* or sarc at the tbemal 

energy. Sonatinas large reaonancee exiat between the two 

anergics. 

(2) The (m,B") reaction crox Mcttou hecoaa flat above a fa* NaT, 

aad tkijr arc about the angaltude of one bara. la peasant work, 

tba caaas leading to long-lived laoaara arc ceapllad except for U Isotope*. 

(3) Tbc (a,2a) raactloa cross sections bacoaa to be the Bavin— 

around 14 tieT, aad their aagaitnde aaooats to a few bams. 

They lacrosse with aas* auabcr A, sad within the saae iaotopea 

they rapidly iacraaae with A. 

(4) The (n,p) aad (a,a) reaction croaa aactloaa arc by factor of tea 

less than those of toe (n,2n) raactloaa. They decrease with A, 

and within the aaaa isotopes they rapidly decreeee with A. The 

(n,a) reaction cross sections are by factor of 2.5 aaallar than 

those =f the (n,p) reactions. Both approxlaately wary with A, 

atonic auabcr Z, aad neutron nwabcr N aa la the following*™* l27>. 

o(n,o> - 0.4o(n,p) 

- 0.29on cap. [-33(N-Z)/A] . (1) 

Hare, 

o, - n \ (Al/S + l) z, 

with 

r0 - 1.2 x 10"" ca . 

The (n,2a), (n,p) aad (n,o). reaction cross section* for each naclcas 

are plotted with aaaa auaber in Plga. 1, 2 aad 3, raopoctivcly. Syabol 

in the figures designate isotopes, abundance of which arc aore than or 

nearly canal to 301. A groan of points for the saaa isotopes arc connacted 

by a line, aad labeled by the isotopic aynbol. If plural data are shown 

for the aaaa nuclide in the table, these arc plotted in the flgurae. 

Than the neTliai values arc chosen for the connection la moat cases. In 

Appendix, nuclei and nuclear reactions, croaa sections of which arc sot 

available at tola tine, are listed. 
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1.3 nuclear-reaction Q-relue aad kinetic energy of aa emitted particle 

The relation I t t n w the reaction Q-value la the third colon of the 

tabic aad tha kinetic energy E of am aalttad particle la given aa follows. 

E - (1 - g^-) (Q + g £ - E.) . (2) 

If a^ aad m«M, 

E - (Q + E.) - -H- {Q + (1 + ̂ )E,} . (3) 

Hera, 

E. : Incident Matron energy, 

an : neutron aaaa, 

• : neee of aa emitted particle, and 

M : aaaa of a target nucleus. 

The threshold energy of the nuclear reaction, If toe Q-vslue la negative, 

la 

<Vth«a " (1 + £ > <-"> ' W 

1.4 Induced radioactivity of a reaction product 

Kadloectlvlty R of a reaction product Induced by a neutron flux F 

after Irradiation tine T la given as follow*, If decrease rate of nuaber 

of target atone (Fa-0*0) Is neglected. 

\ I FKooe-^-^dt /oFW0« 

n0o(i -F«oo(l - e~AT) 

(5) 

ners. 

o : relevant reaction cvoas aectlon of nucleus, 

X t decay constant of the product, 

ti/2: half life of the product, (A*).693/ti/2), and 

It : number of relevant nuclei per en2. 

In the case of appreciable decrease of the atom* due to the flux, a tern 

l-fitnT^m -r.jp,1'- e"*T)}] should be added to the right side of eq. (5). 

If one mol of the/atoms are irradiated by e neutron flux of lxl015n/ca2»«c 

-3-
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for * souths, 

• (curie/Bol) - 16.2 a (1 - «-84'5/ei/2)> (S> 

(a in mb and ti/2 la day) 

or 

K (curie/nol) - 1 :o(l - a - 0' 2 3 1''!/!). (7) 

(o in m nd tj/2 in year) 

Tbcae formulae raduca to 

I (curia/sol) - 16.2a tor t]/2«T, (8) 

(a In no) 

and 

* (curia/sol) » 3.74 o/ti/2 for tj/2>>T. (9) 

(a in ab and tj/2 in year) 

For the caaa of aarlal decay, the first and second product nuclei 

after the reaction decay as e"Xlt and x _\ (a~Xlt- a"* 2'), respectively. 

Then, in the case of 'irradiation of a neutron flux of l*10,s n/ca2sec 

for 4 Booths, 

Ri - R 

R2 - 16.2 c (1 - ~ ^ - e-XlT + Y-if- a-**1) . 

and 

(10) 

Here, Xj : decay constant of the firat product, 

A2 : decay constant of the second product, 

R] : radioactivity pf the first product, and 

K2 : radioactivity of the second product. 

S.5 Explanation of the table 

From the left to the right in columns of the table, the following 

items are tabulated. 

Nuclide (Iso."«pic abundance) : The abundance is quoted from 

ref. 32. 

Type of nuclear reaction: 

Reaction Q-value (MeV) : quoted from ref. 4 and ref. 33 except 



JAIRI-M *3f4 

for U , Q-valuee of thick a n aaoted from ref. 12 awl x«f. 10. 

Inaction product I Suffix • designates secastable state. 

Type of decay s The reaction product lends to the decay product 

Tia IT (laonetrlc transition), t" decay, B+ decay and/or EC 

(alactroa capture) (raf. 3 and ref. 34). 

Decay Q-vetae (NaT) * level energy for IT, nailn— energy foe B~ 

decay, and Q-value of electroa capture for 0 decay and/or EC 

(raf. 3 and raf. 34). 

Half life : quoted from r-f. 3 and raf. 34. 

Decay product : Including the aucceaalve decay product. If exlat. 

Bunbcr la psreatbeaea above the half life of the a^cond 

decay product (raf. 3). 

Mariana) reaction croae section (bama) : Flue alga denotes the 

croee aactlon increasing with energy around 14-MeV. 

neutron snargy for the naxiiw croaa aactlon (MaT) s "tbemel" 

naana enamel neutron energy. 

Inaction croea aectlon o for the 14-MeT neutroua (barns): 

tadloactlvity (curla/aol) : being Induced by a 14-Me* neutron flux 

of lxlO15 n/cn^esc after 4-aoath Irradiation of one nol of 

the atone, nunber in pareatbasa* (bow* radioactivity of the 

second product. 

Inference : for reaction croaa aectlon for the 14-HeV neutrons and, 

also, the nsrlniai reaction cross sections. 

leferencee 

(evaluation and eeaienpirical) W.I. Alley and I.M. Lessler: Neutron 

Activation Gross Sections,' nttcl. Data Tables, 11, 8-9 (1973). 

(coapUatloa) A. Schett et al.: Threshold leactloa neutron Cross 

Sections, IaJBC-95 (1974). 

CM. Lederer, J.l. Hollander and I. Perlaan: Table of Isotopes, 2nd 

ad. (19*7). 

M.I. Cove and A.I. Kspetra: Xuclear-Seactloa Q-values, Mud. Data 

Tables, 11, 2-3 (1972). 

(compilation) J.E. Stehn ct al.: neutron Cross Section, JaX-325, 2nd 

ad., Supple. ho.2 (1964-6). 

(coapilatlon) D.J. Hughe* and R.B. Schwartz: neutron Croaa Sections, 

BHL-325, 2nd ad. (1958). 
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 2<Mg Enaction for Rautroa Energlee Around 14MeV, End. 

Phya. 79 (1966) 106. 
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Appendix 

Nuclei and nuclear reactions, croa* sectioaa of which ax* aot available 

at 14 HeV arc aa th« following*. 

(n,2n) reactions 

2Sl*. 2bM«, 30S1 

(n,p) reactions 

82S€, ""Mo, 1 1 0 N , 15IIu, 15sCd, l6«0d, l"Dy, "-Dy, "5,., 

191It> 202H,f 206 n > 207„, 

(n,a) reactions 

70Ga, 7GSa, 77Se, «2Se, «6Sr, a7Sr, 91Zr, »7Mo, «**, "Spd, 

""Cd, '"Cd, 117Sn, 119Sn. l*°Sn, ^ S b , l«Sb, 136Ba, " 7Ba, 

163Dy, 's6Er, J67Er, 169T., 175Lu »2W, »92Qa, l9*Ir, 195Pt, 

207Pb 

In this Appendix, only those isotope*, abundance of which are important 

in consideration, are chosen to be listed. 
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Errata 

Wrong Correct 

p . l , L.29 

p . 3 , L.3 

p . 3 , Eq.2 

p . 3 , Eq.4 

p . 2 8 , L.14 

two d i g i t s 

as f o l l o w s . 

+ M + "„ E » 

(i*'-5rM-Q) 

(2n , 2n) 

two significant digits 

as follows after averaging over 

the emission angle. 

. K * n *. 
* M*»n-»

 En 

(n, 2n) • 


