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I . INTRODUCTION 

The discovery of a resonance character of the dd~-molecule 
formation /l,Z/ in the sequence of processes leading to nuclear 
reaction 

d + d-+ 3He + n ( I ) 

has given rise to a renewed interest in the investigation of 
the muon-catalysis of nuclear fusion processes. In subsequent 
experiments/3/ the high formation rate has been established 
also for dt~-molecules, which ha~ confirmed earlier theoretical 
predictions 141 of the presence of an analogous resonance mecha­
nism in the muon catalysis of reaction 

d + t _.. 4 He + n • (2) 

The latter result indicates that, apart from purely physical 
interest, further studies in this area deserve effort also in 
view of the emerging possibility of the practical application 
of the muon catalysis in energy production/ 51. 

Extensive projects of investigation of the muon catalysis 
of nuclear fusion are now under way at several laboratories. 
The general idea of these projects is visualized in Fig. I which 
presents the dominant processes leading to nuclear fusion in 
a deuterium-tritium mixture. The main interest lies undoubtedly 
in the investigation of the muon catalysis of reaction (2). It 
is seen, however, that the dt~ -fusion is unavoidably accompa­
nied by competitive processes leading to other nuclear reac­
tions. In the first stage the most important of them are: 

a) the chain of processes leading to reaction (I) 

(3) 
resonant 

d~ + 0 2 ·------[( dd~) d2e]*, 
formation 1 

fusion 



b) the chain 

p. + T2 ... tp. + T 
~ 

tp. + T2 _.. [(ttp.) te]+ + e 

1 
fusion 

leading to nuclear fusion 

(4) 

(5) 

Chains (3) and (4) can be studied separately using pure deute­
rium and tritium targets. Such relatively simple experiments 
are necessary to obtain the required input information for the 
analysis of the full scheme of Fig.!. 

muon reproduction 

..---t+p+ 

beam 

Fig.!. Dominant processes leading to nuclear fusion 
in a deuterium-tritium mixture. 

Chain (3) has already been studied in several experi-
ments /1, 2

•
6
'. The data agree reasonably well with the theoreti­

cal predictions, thoufh some discrepancies between the results 
of Ref./ 2

/ and Ref .'6 remain to be clarified. This notwi th­
standing, the obtained results confirm the presence of a re­
sonance mechanism in the ddp.-molecule formation (reflected in 
the temperature dependence of the corresponding formation rate) 
which can be explained by existeAfe of a weakly bound state in 
the ddp.-molecule. 
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On the other hand, no experimental data exist so far con-
. . (4) d. h . 1 d. t. /7/ cern1ng cha1n • Accor 1ng to t eoret1ca pre 1c 1ons 

the ttp. -molecule formation should proceed here via a nonreso­
nant Auger-electron-ejection mechanism. Additionally, in cont­
rast to reaction (1), where fusion rate in the ddp.-molecule 
exceeds by several orders of magnitude the ddp.-formation rate 
itself {..Jo9 s-1 vs -lo 5.;-Jo6 s-1 

) the two rates for reaction 
(5) may ,have comparable valuesl~.a/. This poses new problems 
for the experimental investigation of the ttp. -fusion which are 
the subject of discussion in this paper. 

In the next Section we present the formulae describing the 
kinetics of processes (4) and recall the definitions of appro­
priate parameters. The sensitivity of the experimental charac­
teristics of chain (4) to the values of parameters is discussed 
in Section 3. Section 4 contains concluding remarks. 

2. KINETIC FORMULAE AND DEFINITIONS OF P~ffiTERS 

The kinetics of processes (4) is described by the following 
set of coupled differential equations 

(6.1) 

dN tt 

dt p. =- (~o + ~~ ) N ttp. + ~ ttp. N tp. ' (6.3) 

dN0 

dt = 2~1 Nup. (6.4) 

where N JL , N11! , N ttp. and N0 are the numbers of muons, tp. -
atoms, ttp. -molecules and final neutrons, respectively. The ki­
netics given by Eqs. (6) does not include the mesomolecular 
processes involving 3 He produced in tritium ,9-decay (see the 
discussion in the next Section). The second term in the RHS of 
Eq. (6.1) reflects the reproduction of muons which are released 
free after fusion reaction (5) has taken place. Factor of two 
in Eq. (6.4) takes account of the two neutrons in the final 
state. 

The parameters entering Eqs.(6) are: ~ 0 -muon decay rate 
(,\

0 
= 0.455·I06 s-l ), ~ 8 - formation rate of p.-atoms in the 

ground state, .\ 11 - formation rate of the ttp. -molecules, ~~ -
fusion rate in tcfe ttp. -molecule, w - probability of muon 
"sticking" to 4He in the final state of reaction (5). 
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Determination of the parameters entering Eqs.(6) is most 
naturally based on the analysis of the final neutron time-dis­
tribution, dN

0
/dt,which can be easily measured and involves 

all of the. sought-for q~antiti~s: As the processes of t~ and 
tt~ -formatl.on take place 1.n coll1.s1.ons of muons ( t~ -atoms) 
with tritium molecules, the corresponding rates can be assumed 
proportional to target density 

A =A(I) ,~.. 
a 'I' • 

(7) 

Xtt~ = A~n q,. 

In this notation ifJ=plp 1 , is a relative target density refer­
red to some arbitrarily chosen density p 1 . The values of para­
meters quoted in the literature are usually referred to the 
density of liquid hydrogen (p 1 =Po = 4.22·1o22 cm-3 

). For the 
purpose of this work it was more convenient, however, to let 
p 1 be chosen arbitrarily. In contrast to Xu~, the fusion rate 
Xr and the sticking coefficient w reflect intrinsic features 
of the nuclear interaction between tritons in the tt~-molecule 
and do not depend on target characteristics. 

According to the theoretical estimates the expected values 
of 

0 
the parameters describing chain ( 4) are: X ~O) = 1011 s-1 /9/, 

Au<,J.> =3·10 6 s-l 171 , Af = 10 6710 8s-1 /B/ and w = 0.05.;-0.2/10/. 
The set of Eqs.(6) can be solved in a routine way. However 

the resulting expressions are quite lengthy and contain the ' 
physical parameters in a rather entangled form. The situation 
is considerably simplified if one takes into account that 
X~O) »Ao. Then, for p!p0 2 10-2 and for t1>..\:;l Eqs. (6.1) 
and (6.2) can be folded into one equation 

(6.5) 

The characteristic equation for the set of Eqs. (6.3) and (6.5) 
gives the following expressions for the exponents of the par­
tial solutions: 

(8) 

where 

4A( ,\ w 
K = _____ t_t p'------ (9) 

(,\f +Au~ ) 2 

• 

Taking into account the initial conditions: NulL (0) = 0 and 
Nt~ (0) = 1, one obtains the familiar form for the time distri­
bution of the final neutrons per one muon stopped in the tar­
get: 

where, for the experimentally observed time distribution, 

E Af Xu~ B = ____ __:._ ___ _ 

(Af +Au~ )y 1-K 

( 10) 

(II) 

E being the registration efficiency of the tt~ -fusion events. 
Let us notice for further use that time distribution (10) has 
a maximun at 

2X0 + (Ar +Xu~ ) ( 1 + v 1- K ) 

ln l ----------1 
2X0 + (Xr +Au~ ) ( 1- v 1- K) 

(Af +Au~ )~ 

and the total neutron yield corresponding to (10) is: 

N~"") = 2£ _..,2---"~f "_t..Jt~------­
X0 + X0 (A f +Xu~ ) +A r Xu~ w 

(12) 

(13) 

To estimate the expected statistits and to enable one to 
determine the optimal conditions for the ttp -fusion experiment 
(target density, time of switching-on neutron registration after 
the muon has stopped) it is useful to illustrate some of the 
above dependences. Fig.2 shows the total neutron yields calcu­
lated in the time interval (0.025+7.5) ps as a function of 

(l) q, =pI p1 for several values of A up , Af and w. Analogous plots 
for the slope of the long-time exponential, S sLow=- r _ • are 
shown in Fig.3. Fig.4 illustrates the dependence of t1 on Af 
for a few values of Xu~ and w. The content of these figures 
will be discussed in the next section. 

In the limiting cases: Af »At and A f « Att , the total 
neutro~ yield N~~> exhibits the ~~pected behav1.Cur 

Additionally, 
B-+ EX,. 

( 14) 

(15) 
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Fig.2. Total neutron yields 
in time intervai 0-7.5 ~s per 
one stopped muon vs target den­
sity for different values of 
>.. tt ~ , >...r and w • E = 1 • 

tl' 
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Fig.3. Difference between the 
slope of the long-time expo­
nential in Eq. (10), SSLOW 
and the muon decay rate >.. 0 vs 
target density for different 
values of >..u~ , >..r and w • 

Fig.4. Position of the maxi­
mum, t1 in the final neutron 
time distribution vs Af for 
several values of >..tt~ and w. 

.,. 

where >.. 8 (>..f) is the smaller (larger) of the two rates: >.. 1 
and >..ttp. 

Let us also notice that since 1< s w and the expected value 
of w is of the order of w "' 0. l, the square-root in Eqs. (8), 
(II) and (12) can be expanded in terms of K yielding, in par­
ticular, the following transparent expressions for the slopes 
of the exponential functions in the neutron time distribution 
( 10) 

(17a) 

and 

(17b) 

Below we analyse formulae (10)-(17) with the purpose of 
establishing the experimental conditions needed to determine 
the values of parameters >..r , >..ull and w in an experiment with 
a pure tritium target. Of course, exactly the same formulae can 
be used to describe the kinetics of processes (3). However, as 
is mentioned earlier, the corresponding fusion rate in the dd~­
mnl ...... l .. ict "PT'V l<>T'OP <><: l"nmn<>T'Ptf wit-h f"hP AnAlOPOU~ rate for 

J ~ • - (dd ) 
the ttl! -molecule and simplified formulae taken at >..r IL .... oo 

can be used. Thus, only two parameters, >..,. "'>.. ddj.t and wd , re­
main to be determined in the experiment with a pure deuterium 
target. The situation is different for channel (4) where >..r 
and .\ ull may have similar values. 

3. SENSITIVITY OF EXPERIMENTAL RESULTS 
TO THE VALUES OF PARAMETERS 

A. Let us first make a trivial observation that formula (10) 
describing the final neutron time distribution is symmetric in 
.\r and Au,_. Therefore, any fit of the data to Eqs. (10) or (13) 
will give two solutions corresponding to the transpositipn 

(18) 

which are indistinguishable on the basis of x2 alone. This 
ambiguity may become quite essential in the description of the 
full scheme of Fig.l, where >..tt determines the fraction of 
muons entering the competitive ~hannel leading to reaction (5). 
Of course, the data for a D2 -T2 mixture combined with the data 
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for a pure T2 -target may enable one to resolve this ambiguity. 
However, regarding the compexity of the corresponding expres­
sions, it is useful 'to have independent information about Au/L 
and >..r from the experiment with pure tritium. 

Such information can be obtained if one takes into account 
relation (7) and constancy of Af with t:P • Th~ above-mentioned 
ambiguity is then avoided if the data for different target den­
sities are analysed simultaneously. 

To get a quantitative picture of how the· situation may look 
like in an actual experiment the analysis of simulated results 
of a· tt/L -fusion experiment was performed for several values of 
>..H~ , >.. r and cu. Time distributions ( 10) were constructed for 
.;p 1 = I and several values of t:P2< 1. Equal numbers of muons 
stopped in the target were assumed for both t:P1 and t:P2 which 
in accordance with Fig.2 gave smaller statistics at t;/J 2 • The 
number of events in each time interval of the corresponding 
histograms was then randomly dispersed using the Poisson dis­
tribution. The time distributions obtained in this way were 
subsequently fitted with formula (10) using two different sets 
of the starting parameter values: 

i) the values close to those used initially in the const­
ruction of the histograms (input solution) and 

ii) the same values with Af and >..~~~ interchanged (inverse 
solution). 

The minumum in x 2 corresponding to the inverse solution has 
been found to survive up to quite high values of 

Af 
a1=~ 

tt/L 

(I 9) 

(a1 = 15),which indicates that in the analysis of future data 
any such minimum should be checked against the solution withAr 
and >..V~ interchanged. Figure 5 shows the difference between 
the x -value for the inverse solution and the corresponding 
value for thf input solution as a function of a 1 , for several 
values of A1:(L and IU= 0.1. It is seen that even with mode­
rate statist1cs (Nn = 2· 10 5 neutrons) and t:P 2 quite close to 
t:P1 = I ( t:/J2= 0. 9) the two solutions can be distinguished at 
about 90% confidence lfi~el for al ~ 2.0 and a1 s 0.5 and, 
practically, for any A1:/L • The situation can be turther impro­
ved by increasing the statistics or decreasing t:P2 which is 
a~so illustrated in the figure. Similar behaviour of x 1~y -x1~p 
w1th ai has been found for w= 0.05 and 0.2. 

It is interesting to observe that the temperature variation 
of the density of liquid tritium (deuterium) in a rather small 
range above the temperature of liquid hydrogen (20.4K) is suf­
ficient to cover such changes of .;p (see Fig.9). This, in par­
ticular, enables one to determine the ttll -fusion parameters in 
the experiment with a liquid tritium target. 
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Fig.5. Difference between the 
x 2 -values corresponding to in-

(a) 

' , l·l[ i verse and input solutions ob-
I ;~ tained in the fits of the simu-

1 i ,t i 1 a function of a 1 = Ar />..<ttl) (the 
az.2 h.~II_\~---------~----1-..t_f1_4 I--- lated data to formula (10) as 

"'x- a - _,,L,,_. .__. ..... .--~ 1! ---- JL right-hand part of the horizontal 
I> 1 

.. l! scale) and a! (the left-hand 
X 6 l (bl I 1 part). The upper section corres-

: 
I I I 

I 

J l 
1 

1 

l, 
1 

I I ponds to ( cP1 = I , t:P2 = 0. 9) and 
the lower one to ( t:P1 = I, t:P2 = 
= 0.~?>· Full circles correspond 

____ _I _________ ,_TT ________ to >..<u/L = I /LS-1
• crossed circles 

I 1 I! 1 • 1 1 to 20 /LS-I and rectangles to 
a ----- .Lt~----- 100 /LS-I and to statistics of 

1/oC1 t 5 t
5 cc, 2. I 0 5 neutrons. Open circles in 

the lower section correspond t~ >..ifl = 1.0 /Ls-1 and increased 
statistics (106 neutrons). Vertical/Llines connect points ob­
tained in two different simulations. Dashed horizontal lines 
indicate x2= 1.5, x2 is in units of y2nowith the number of 
degrees of freedom n0 =600 in the fits • 

Let us also remark without going into details that, if the 
theoretical values of >..W~ a~d Ar are n~t grossl~ o~erestimated 
~"~ F ;~ nf thP nrdPr of 10% the reau1red stat1st1cs (ac­
cording to Fig.5, about 10 5 registered fusion events) can be 
easily obtained within a few hours, especially in the experiment 
with a liquid tritium target. Thus, contamination of tritium 
in the target by 3 He produced in tritium t3 -decay can be kept 
below c 3 =I 0-5 • Such concentrations of 3 He lead to negligib-

He • 1 · 3H ly small rates of the mesomolecular processes 1nvo v1ng e as 
compared with the analogous rates for Tz. This justifies the 
assumption made in writing-down the kinetic equations (6). 

B. Once for the reason described above t:P has to be changed, 
it is interesting to see what is the effect of varying target 
density on the accuracy of determination of the tt/L-fusion pa­
rameters. Let us limit ourselves to the case where measurements 
are performed at two densities: t:Pt = I and t:P 2 < I. 

Increase in the separation between t;/J 1 and t:P2 will obviously 
tend to give better resolution between the two sets of data. 
However, such effect will be partly reduced by several factors: 

*The value of registration efficiency obtained in Ref. /ll/ 
for the tt/L-fusion experiment with a liquid tritium target 
is of this order of magnitude. 
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i) decreasing statistics (see Fig.2); 
ii) decreasing sensitivity of the experimental characteris­

tics to the values of parameters (see Figs.2 and 3); 
iii) increasing correlations between the sought-for para­

meters. (As is shown below, these correlations become increa­
singly significant with growing a=Ar1A 11 1l -¢-I. for At>AWIL ). 

Consider first the possibility of ..\r "'A~n . In this case it 
is convenient to use the following independent combinations of 
the parameters entering Eq. (10): 

p = SsLOW + SFAST- 2Ao =A f +cpA(lt~ • (20a) 

(20b) 

R = ¢ ( S SLOW - A 0 )-I"' -.,--,--1 __ + __ 1_ cb • 
A(l) w Ar w ttp 

(20c) 

Let us assume first that the contribution of the short-time 
exponential, exp(-SFAsTt),to the neutron time distribution (10) 
is seen in the data, i.e., the minimum time t at which the 
neutron time distribution is measured is 

0 

(21) 

Then, Eqs. (20) show that the data for two different values of 
¢ allow a two-constraint determination of all parameters, in­
cluding the registration efficiency'· If the short-time expo­
nential is not observed, information contained in parameter 
SFAST is lost. However, a no-constraint determination of all 
parameters including E is still possible which is best seen 
if one takes parameter R defined in Eq. (20c) and parameter 

B.= 8 -2¢2 = _L_cp_2 
_ + __ 2~< _1_-_2...:;w~)'-0'-. _ + ___ 1 __ 

(E~f )2 (EAr) (EAHt ) (cA<NIL )2 
(22) 

The situation is different for Ar » A(1~)1L or Ar « .\(t~!IL 
Let us consider only the first case as the second one 1s rather 
unlikely. A convenient choice of the independent combinations 
of parameters is here: 

10 

p = S FAST- A 0 "' A f ( 1 + 1 : w ) 

Q = B "' (A (I) ¢ ( 1 _ 1 - 2w 
ttjL a 

(23a) 

(23b) 

R S {I) 1 
= SLOW-Ao"'w.\ttp¢(1-a), (23c) 

where a"' a I I¢- ¢-I. 
At large ~I)Eqs. (23b) and (23c) decouple from Eq. (23a). 

Parameters .\ ttp and w can be now determined from the slope of 
dNn/dt at large t and the value of the preexponential factor B, 
provided the registration efficiency f is known. 

Let us remark that in the limiting case, a .... ""• information 
contained in the data for different densities is not indepen­
dent, and measuring dNn /dt at one density would be sufficient 
for the determination of A f , .\ 11 and w • Still, resolving the 
.\ A b' · · IL r ~ ttp am 1gu1ty requ1res the data at two values of ¢. 

Let us also notice that, as seen from Eqs. (23), parameters 
f , w and A 1\IJ become strongly correlated* as a .... "". In this 
limiting case the possible solutions of x2 -minimization can be 
expected to lie on the one-dimensional trajectory: 

R 
w(£)=--::-c. 

Q 
(24) 

Therefore, if a is large one will, probably, have to determine 
t independently in order to be able to find the remaining pa­
rameters from the data. Of course, for finite a the corrections 
in the brackets on the RHS of Eqs. (23) bring one. in orincinle. 
back to the situation considered above for Af "'.\ 11~ 1 where £- • 

can be extracted from the measured neutron time distribution to­
gether with the other parameters. However, if the corrections 
themselves are comparable with the experimental uncertainties, 
achieving reasonable accuracy using such a procedure becomes 
questionable. To illustrate this point Fig.6 shows the diffe­
rence between the x2-value at some point on trajectory (24) 
and the x2 -value of the best fit corresponding to the input 
solutio~(.\ r= 50 ps-I , >-WIL. = 3 ps-I , w= 0.1, f = I) as 
a funct1on of¢% (¢I= 1). D1fferent curves which are hand 
drawn to guide the eye correspond to f = 0.75, 0.67 and 0.5. 
It is seen that even for the values of parameters deviating 
by -30~ from the input values it is practically impossible to 
distinguish the solutions along the trajectory on the basis 
of X 2 if f is left free in the fits. Therefore, achieving 
better accuracy in the experiment will require independent 
constr~ining of t · The situation improves with decreasing a 
and, according to our estimates, for a < 4.0 there may exi~t 

I -

* In fact, in the simulation of the ttp -data described above, 
the correlation coefficients estimated by subroutine Hesse after 
the Simplex minimization1I 21were practically: C(c >,0) )=-1 

(I) • ttp • 
C(.\ttp ,w)=-1and C(c,w)=+1,already for a:;:3+5. 

ll 



3.0.-----------------, 

• 

"'~2.0 
>< •' I 

Fig.6. Difference between x 2 cor­
responding to solutions on tra­
jectory (24) and )( 2 of the input 
solution for Af = 50 /ls-1 

, 

AuU>= 3~-ts- 1 , w= OI and£= I, 
vs ¢2 ( ¢1 = I). Open and closed 
circles and triangles correspond 
to £ = 0.75, 0.67 and 0.5, res­
pectively. Curves are hand-drawn 
to guide the eye. )( 2 defined as 
in Fig.S. Statistics: I06 neut­
rons for ¢ 1 • 

I 

~ I ,, 
1.0 

• 

I 
I 

,J. 

0 

.9 . a .7 .6 .5 .4 .3 .2 

Cf'2 

• • 1------- -L 

10 •, I • • -- - - - -- -t 
c \ • 

~ :<\~ 
~ 20 ~.: w . 0 

c.n • c).. 0 . ' ..... ; ~ '~ ' ,_ 
LLI 10 -l&-·x-x- ...1.... ~_J 2f~=-l ~ 

...._ 0 

. -. --3 ---s :r: : l • : :--

.I .7 .5 .3 

Fig.7. Simplex estimates of er­
rors corresponding to input solu­
tions vs ¢ 2 ( ¢ 1 = I). Statistics 
is I0 6 neutrons for ¢1· o.e.e, 
and ! represent ~ Af I A f , 

~A(l} IA(l) , ~wlw and ~dr,res­
tt~-t llll 

. 1 f \ ,(1) IO - 1 pect1ve y, or "f = "ttll = /lS • 
w= O.I, E = I. Analogously, o , 
D and • are for Af = 30 ~-ts- 1 , 

(l) -1 Attll = IO /lS (~wlw and ~de 
~~!- ... !...:1 .... \ u .... -,.. ,.._,..,., .... ,..., ... ...., ....... ..:1 1 

;~;~;;;~~ · ;;;;A;-;~d-~A<1~>1l 1Ai
1
1J 

'fz 
and A (l > 3 " s-1 It ll ,.. 

:_fl..wlw=~clr for Af =50 /ls- 1 

, respectively. Curves are hand-drawn to 
guide the eye. 

a possibility of determining £ from the data at the level of 
~dE ==10%, even if ¢ 2 is chosen in the region: ¢ 2 = 0.8-0.6. 
However, for a 1 ~ 4.0 an independent determination of there­
gistration efficiency will be perhaps necessary. 

To illustrate the interplay of different factors (i-iii), 
the Simplex 1121 .estimates to errors obtained in the fits of the 
simulated data are shown in Fig.7 as a function of ¢ 2 .It is 
seen that increase in the separation between ¢ 1 and ¢2 brings 
only a limited advantage. For Af ""A \\)11 the accuracy of the 
determination of these two parameters increases, which is ob­
vious from the linear dependence of Eq. (20a), while the cor­
responding errors of w and f are constant or even slightly in­
creasing. Starting from a 1 ""3 no effect of varying ¢ 2 is 
clearly noticeable. The figure suggests that the optimum choice 
of ¢ 2 is in the region of ¢

2
= o.s-o.4. 
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(a) (b) 

• 2 • (' (l) F1g. 8. Contour plots of equal x 1n "f ,.\ 11 /l)-plane for 
different to -cuts: 0.025 ll s and 0. I25 /lS (sections a 
and b, respectively). The minimum corresponds to input 
solution: Af = 50 ll s-1 , A ~p = 3 ~-ts- 1 , w = 0. I, 
for which t 1= 0.080 /lS• The 1nnermost contour (I) 
corresponds to x ~in+ 1. Statistics: I06 neutrons 
for ¢ 1 =1 (¢ 2 = 0.85). 

\ 

'· \ 

T.K 

Fig.9. Density variation of li­
quid hydrogen, deuterium and 
tritium with temperature. Or­
dinate is relative density re­
ferred to the density of liqiud 
hydrogen at 20.4K. Solid curves 
represent measured values/ 131 

the dashed ones are extrapola­
tions. 

Finally, let us briefly discuss the influence of the t 0 -cut 
in the neutron time distribution on the accuracy of the deter­
mination of Af. Figs. (8a-b) show the x 2 -contours in the ( Af , 
A\~~ )-plane for the simulated data obtained with (Af ,A(111~ , U>)= 
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= (50 ~s-1 ; 3 ~s- 1 , O.I). Different sections correspond to 
to= 0.025 ~s, and O.I25 ~s, respectively. It is seen that 
the accuracy of the determination of Af decreases rapidly 
with increasing to, so that for to above t1 (t1 = 0.08 ~sin 
this case), practically only a lower limit can be set on Af• 
Confronting the patterns of Fig.8 with the curves shown in 
Fig.4 one can see that choosing t 0 "' O.OI ~s should secure the 
possibility of determining Af with reasonable accuracy, if the 
existing theoretical predictions are not grossly underestimated. 
This indicates that there is a realistic possibility of con­
fronting the model calculations of Af for tt~ -fusion with 
experimental data which, in practice, does not exist for re­
actions (I) and (2). The existence of such a possibility should 
justify the effort of choosing t 0 ~ O.OI ~s. 

4. CONCLUSIONS 

As has been shown in the previous section, measuring the 
neutron time distributions at two target densities in both 
necessary and sufficient to assign unambiguously the experimen­
tal values to the parameters characterizing the tt~ -fusion in 
the experiment with a pure tritium target. The choice of two 
densities which differ by about 20% should enable one to dif­
ferentiate between the tt~ -molecule formation rate A ttl! and 
the corresponding fusion rate Af if AfiA 11 1l;::2 or Af1Auu~0,5, 
~v~u wiLn quiLe moaerace scat1st1cs. ~uch var1at1on of the den­
sity falls within the range of density variation of liquid 
tritium with temperature in a rather small interval above the 
temperature of liquid hydrogen (20.4K). This, in particular, 
renders feasible the determination of tt~ -formation rate at 
a very low temperature, which can provide an important piece 
of information for establishing the behaviour of Au~ with 
collision energy. Apart from the increased statistics which 
can be secured with a high-density target and the technical 
advantages of working with liquid tritium (connected with se­
vere safety requirements), sensitivity of the results to the 
values of parameters in such experiment is higher than in the 
experiment with a gaseous target where practically achievable 
densities are significantly lower. 

If one decides to verify the theoretical prediction of ab­
sence of the temperature dependence of Au ,data have to be 
taken at substantially higher temperatureSf. i.e., in the ex­
periment with a gaseous target. Assuming that the temperature -
independent parameters, w and Af, are determined in a liquid 
target experiment, it is enough to measure the neutron time 
distribution at one density (desirably as 'high as possible). 
Nevertheless, regarding the facility with which density can be 
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changed in this case, it may become temping to get a full pic­
ture at another temperature. According ~o the arg~e~ts pr~­
sented in the previous section, the cho1ce o~ den~Itie~ which 
differ by a factor of -0.4~0.5 should be optimal In this case. 

The authors express their gratitude to Drs. V.N.Pokrovskij 
and V.G.Zinov for helpful discussions. 
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