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SUMMARY. 

The IH(t, n)3He reaction, considered as neutron source in the (10-20) MeV energy 
interval presents properties such as intens ity, directionality and absence of hreak­
-up neutrons, which look advantageous in some technological and biomedical appli­
cations . 

I. - INTRODUCTION. 

This article examines the problem of finding a neut.ron source in the (10-20) MeV energ)' in­

terval, having convenient properties fo r controlled thermonuclear fusion resear ches and hiome­

dic al applications( 1) . 

It is known in fact that a rath e r large part of the neutron energy spectrum in fusion readors 

lies in the neutron energy int e rval 10-15 MeV, and that in this energy region the neutron cross 

section data are scarse(2). 

This energy region is indeed accessible with the lower energy tandems (Ei below 15 MeV) and 

with the reactions d-d and p-t, hut these reactions present the drawback of not only producing 

monoenergetic neutrons but also neutrons having a continuum energy spectrum du e to three - bodies 

break-up reactions. 

For example monoenergetic 15 MeV neutrons are accompanied by break-up neutrons having: 

relative intensities of 40 % in the p-t reaction and of 150 o/n in the d -d reaction( 3). 
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In this paper it is shown that the t-p reaction does not present this drawback and has other 

useful properties. 

Furthermore, the t-p reaction used with a thick hydrogen target at incident triton energies 

of (20-2fl) MeV, which will be snon available with the tandem accelerator at Legnaro, is a rlwhite l1 

ncutron source having intensHy. mean energy. and directionality w hi ch may prove advanta geous 

in hiomedical researches and in cancer radiotherapy. 

2. - THE 11[(t,0)31[0 REACTION. 

The symmclri<.:al reactions p-t and t-P, in which the incident and target nuclei are exchang­

ed, Deelll' with the same center of mass energy. and therefore with the same characteristics when, 

in the lahoralory system , E t is equal to 3Ep; E t and Ep being respectively t he energies of the 

incident tr'itons and protons. 

While the threshold of the reaction 3H (p, n)pd is 8.34 MeV, that of the reaction lH(t, n)pd is 

2!l MeV , Thereforc with the t-p reaction, for incident triton energies below 25 MeV, correspon~ 

ing to a n encrh'Y of 17.fl MeV of the neutrons emitted at 0°, the break-up neutrons are absent. 

Th e l lT(t, n)311e reaction, whose threshold is 3.05 MeV, generates at 00 in th e laboratory 

system two groups of monocncr~etic neutrons corresponding to neutrons emitted at 0° and 1800 

in the center of mass system. 

Tn Pig, 1 the energies of t.he t.wo neutron groups emitted at 00 in the labor::ttory system are 

r'cporl.cd as a f'ullclion of the laboratory ener,t,.'Y of the incident tritons. The energy of the second 
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!i'IG. 1 - Forwaro differential (TOSS s(>('tiOI1 O'(OO) of the lH(t, n)3He reaction, and forward 
lleutJ'on eneq",'Y En(OO}, as a rUlldion of the incident triton energy E t . The two couples of 
curves are relative to the two neut.roll groups with high and low energy contemporaneously 
produced in the reaction. The values of 0'(0°) and En(OO) relative to the low energy neutron 
group were tl'mltiplieci by 100 for the sake of graphical clarity. 
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group is much smaller than that of the first. 

The same figure also indicates the differential zero degree cross sections in the laboratory 

system of the two neutron groups. The values were calculated from the corresponding values gi:: 

en in ref. (1) for the symmetrical reaction p-t. The cross section of the low energy neutrons is 

from two to three orders of magnitude lower than that of the high energy group. 

The t-p reaction may therefore practically be considered a monoenergetic neutron source 

having energies from a few to about 18 MeV. 

A second interesting property of the p-t reaction is due to its angular distribution. The d~ 

ferential cross sections of the two reactions p-t and t-p at the energies of 24 MeV of the incii 

ent tritons and of 17.6 MeV of the incident protons, for which the neutrons emitted at 00 have 

the same energy of ~ 17 MeV, are reported in Fig. 2 as a function of the emission angle Q in the 

laboratory system. The same figure also 

reports as a function of Q. the ener gies of 

the emitted neutrons. 

The neutrons produced in the t -p re­

action are only emitted forward within a 

cone whose half-aperture Qmax is given 

by the relation 

Qmax = arcsin (1-Ethr/Et )1/2, 

E thr = 3.05 MeV being the threshold ene.!: 

gy. For E t = 24 MeV, for example, one 

has Qmax = 69°, Above 300 the intensity 

is practically negligible. 

The zero degree cross section of the 

t -p reaction is almost an order of magn..! 

tude larger than the corresponding cross 

section of the p-t reaction. 

The same intensity of neutrons emit 

ted at 00 with the same energy is there­

fore obtained with a much smaller incident 

triton current 

This fact reduces the neutrons back-

ground due to t-n reactions in the wind­

ows of the hydrogen target and in the beam 
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FIG. 2 - Differential cross sections a(Q) and 
energies En(Q) of the neutrons produced in the 
lH(t, n)3He reaction, for the incident triton en 
eq. .. 'Y of 24 MeV (continuous curves), and in the 
3H(p, n)3He reaction for the incident proton en 
ergyof 17,6 MeV (dotted curves). as a runc-­
tion of t.he neutron emission angle Q in the labo 
ratory system . 

stop, The absence of the backward neutrons which are the most difficult to screen also helps in 

this sense. 

Moreover the stronger 00 intensl ty, and the rapid decrease of the neutron energy as the ' 

emission angle increases, facilitates the neutron beam collimation. 

A further advantage of the t -p reaction with respect to the p-t, is due to fact that the hydr,£ 
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gen target does not present the safety problems of the radioactive tritium target and may there ­

fore he used with higher pressure or thinner windows again favoring ~he signal to background 

rati o . 

Finally the t -p reaction allows a precise calculation of the neutron intensity because the 

hyuro~en of th e target is usu ally very pure and easily changeable while the tritium purity is ge­

nerally low and not well known. 

The usc of tritium gives ris e to safety probl ems both when it is used as projectile and as 

t a r get. These problems have however been solved in both c ases, 

At Los Alamos( l) and at lTamilton(4) for example. triton beams of the order of a J-I-A have 

bee n used in experime nts lasting many days. Tritium gas targets have been used for several 

yean! in m any Laboratories including Legnaro. 

f\ recovery system of the tr itium r e leased by a n accelerator at Wisconsin at a rate of sev! 

r'al Curies [ler hour is descr ibed in r ef. (!1). 

T ile economic p roblems o r the cost of the trit i um and of a sophisticated dosimetry and r ec£ 

ve ry system (!) ' (j) are al~o negliJ..,ri.ble in r es pect to the exercise cost of t he a ccele rator laboratory . 

:1 . - TilE 111 ([ , n)111 e ImACTION ON A T11ICK H YDROGEN TARGET. 

lI ig-h intensity ncutron sOUl'ces (~ 10 12 neutrons ! s ' sr) having a continuous e nergy spectrum 

rtnu a 1l1c3n energy of at. least 10 MeV , arc useful for medical and biol ogical researches and in 

cam:cr' r'adiotherarhy(2, 7, En. 
Tile neut.,·o ll soure e reactions most rrequently used for this purpose are t h e d-t, d-d and 

<I-Re. 

The d-l rea(;tion is u!'>ed with low e nergy (some hundred kV) an~ high current (some tenths 

of 1\) accel erato r s , and delivers 14 MeV neutrons. The dissipation of the high thermal power a.!: 

sorbed by t he t ar g-et (104 -] Or) Watt) requires complex cooling apparatus(S). 

'fhc d-d and d-R e ,'cactions are us ed with a thi ck d euterium target at high pressure and 

low temperature (lO ) or with a metal beryllium target(ll), with deu teron beam energies of at 

least 20-30 MeV and currents of the orde r of 10 p.A. 

The high ze ro d egree cross section of t he t -p r eaction suggests its usefulness as a high i~ 

tensity neutron source , 

Its yield is here cal culated fC?l" a triton beam energy of 25 MeV incident on a hydrogen target 

at the pressure of 80 Bar, liquid nitrogen temperature, 10 cm thick. giving ris e to an incident 

triton energy loss of 15 Mt!V. Such a targct(lO) has been s u ccessfully used with cu rrent up to 

20 I'A . 

Th e cal cu lation was performed by taking the 00 cross section given in Fig. I and the stop­

ping power of tritons on hydrogen of r ef. (12). 

The forward neutron intensity 1(0 0 ), in neut rons per p.,C, sr and MeV, as a function of the 

ne\ltron energy E n. is represented in Fig. 3 together wit h the intensities from the d-d react ions 

on a target] 0 MeV thick, taken from ref. (1 0) , a nd from the d-Be reaction on a beryllium target 



stopping the 25 MeV deuteron beam(13). 

The total yields of the three reactions~ of 

the order of 1011 neutrons per p.C and sr~ and 

the mean energies (10-12) MeV J are not very 

different . 

Also the t-p reaction, with (20-25) MeV 

triton energy and (5 -10) JlA current, seems 

therefore to be useful for neutron radiothera 

py. Its directionality should facilitate the 

screening problems and reduce the low ener 

gy neutron backgrourid whose presence is 

therapeutically negative. 

A drawback with this application may be 

due to t-n reaction in the target windows 

and in the beam stop. The amount of this 

background is at present not known, its ex 

perimental determination seems at this 

points useful. 

4. - CONCLUSIONS. 
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FIG. 3 - Forward intensity 1(00 ) of the neutrons 
produced in the three indicated reactions, as a 
function of the forward emitted neutron enerJ..,ry 
En, for the incident ion energy of 25 MeV. Thl' 
targets of hydrogen and deuterium are respe(~ ­

tively 15 and 10 MeV thick and the beryllium 
target thickness stops the incident deuteron h!: 
am. The curves relative to the d-d and a-Be 
reactions have been taken respectively from 
ref. (10) and ref. (13). 

The IH(t,n)3He reaction, considered as neutron source in the energy interval from about 10 

to 18 MeV, presents properties such as intensity, directionality and absence of break-up neutrons, 

which may be advantageous in nuclear cross section measurements interesting cont.rolled thermo­

nuclear fusion technology. 

The reaction, with tritium ion current of some p.,A and (20-25) MeV energy on a thick hydro­

gen target, delivers neutron beams having mean energy and intensity which may prove useful in 

medical and biological resear ~hes and in cancer radiotherapy. 
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