
.... 
'~~-- gv 

I~/. 

~·~-,-·, '' ?, .. · ,. ....... ':Jt ' · .. ' ·;·,_.,.-,.1 ••I!·· •· ·,a'w-*11 ,.,., ._ ...... . 
·.• .••. ~.·.· ...... ...... ::- ... _.. !'~ ' .. I I 

I J, -••. -

~-~~IIi El!i&J.a4 

l.f.l'ddede19 . t.N.$ollkoY, ·.,.,G~---

~---·~ ......... . ·· . . 

~or.,"...,., .. . ' .. ~, ... ~~. '.1 .. ·'.·"· .. ; .. ~:··~~./·~ .. ·lllcnn.v, l~ · ........... ". ; •. ·.~ ... ·~········A· .• ··.:.·, .. · ......... • ..... s·· P .. :.\· .. ' '8 1' ,.... . 'E.- • . IJ..... . T'•. ¥ r-~~~ ·M · -~-~-- · · ··. . '' a ··· \ -~~_..._.-~ · · -;..~~, : 

.~BitP.M.~1llrilu:~.::(··r:~j·.;..,_,.~···.:·tY· 

.......-~~:.a~ a >"•~·' , ... ,... .. 

-



mination of the efficiency is quite difficult. Usually the ef
ficiency is calculated by the Monte-Carlo method taking into 
account the parameters of the investigated process and geometry 
of the experimental set-up. For reaction (I) such calculations 
are additionally complicated because of the unambiguous infor
mation about the neutron en~rgy distribution. 

It should be mentioned out, however, that the yield and 
time distribution of all reaction acts do not give the full 
information about the process of successive muon catalysis. 
We can additionally measure the time distributions of the first, 
second, etc., detected acts and their yields or the yields of 
single, double, etc., detected acts. As is shown below, if such 
additional information is used, it is not necessary to know the 
detection efficiency apriori. We shall show that the measure
ments of the yield and time distribution of the first detected 
acts and the yield of the second detected acts would be enough 
to independently determine the values of wtt and Att~ (also 
the efficiency E). 

Ao Ao 

WttA'tt 

The scheme of the successive muon catalysis of reaction (I) 
is shown in the figure. The muon released in (I) forms a t~ 

atom and then a tt~ -molecule. We denote the number of t~ -
atoms conserved to the i -th act of the reaction as N1. The 
functions of N1(t) can be obtained by solving the set of equa
tions: 

dN 1/dt =-AN 1, 

dN2 /dt = -AN 2 +{1-wtt)Att~L N1, 

dN1 /dt =-AN 1 +(1-wtt) A tt~ N 1_ 1 , 

where we denote A =A 0 + A ttiL • 
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The solution of this system for the boundary condition 
N 1(0) = 1 has the form 

i-1 i-1 
N (t) = [ (l - w ) A 1 t [ exp (-At) ] I (i - l ) ! i tt t\IL 

. h . . \ tt ( 
S~nce t e fus~on react~on rate "r » Ao, At\IL the neutron reac-
tion products) time distribution from the i-th act of the 
reaction is 

i i-1 i-1 -At 
f 1 (t) = dn/ dt = A t\IL N 1 (t) = A t\IL (1 - w tt ) t e I (i- 1 ) ! ( 6) 

and the neutron yield from the i-th act 
00 i-1 i 

n 1 = ( f 1 (t) dt = (l - w tt) (A t~.~L I A) . 
0 

(7) 

From expression (7) one can obtain the formula for the yield 
of single, etc., reactions: 

(
. 1-1 t I t+ 1 

lli) = ni+1 -ni = (1-wtt) Atl.IL (Ao +wttA tt,J A . 

It is easy to show that the time distribution of all acts 
n(t) =::£n.(t) has the form of (2) and the yield of all aces 

I 

(8) 

ii = ::£ n I= f n(t) dt has the form of (I). 
0 

Now we shall take into consideration the detection efficien-
cy<. Since < <1, the possibility arises that the neutron from 
the I-th act ~s the t1rst to be detected (if neutrons from 
preceding i-1 acts were not detected). Thus the time distri
bution of the first detected acts can be presented in the form 

exp 
f 1 C t) = d 1 (t) + (1 - d l d

2 
(t) + (1 - d [ d

3 
(t) + ... J I = 

2 00 i-1 (g) 
=df 1(t) +(1-df2 (t) +(1-d f3 (t)+ •.. l=<.::£(1-d f,(t). 

1= 1 

Substituting expression (6) for ~(0 in (9) we obtain 

exp 1 I f (t)=<A exp!-(A
0

+(<+w -<w )At'" t 
1 tt#L tt tt ... 

(I 0) 

The yield of the first detected acts 
00 

exp exp I [ ( )] n 1 = ( f 1 (t) dt = <A ttll A 0 + \l.IL t + w tt - < w tt • 
0 

(I I) 

The same formula can be obtained after substituting expression 
(7) for n

1 
in (9). 

When deriving the formula the yield of the second detected 
acts one takes into account the possibility of detecting the 
next act pairs: 
(1, 2) , (1, 3), (1, 4) .•. (1, i); ( 2,3), ... (2, i) ; ... 

4 

) 

) 

Thus the yield of the second detected acts is 

exp 2 2 (l ) n = < n 2 + < - < n 3 + ... 

<2 [n 
2 

+ 2(1 - d n 
3 

+ 3(1 - t) 3 n
4 

+ •.. + ( i- l) (i- d i- 2 n 1 + .•• ] 

l 2 (1 - w tt ) (A t~.~L ) 2 

A 

00 i-2 
.::£ [(1-d(l-wtt),\tl.ILIA] (i-1) 
1 = 2 

l A ~l.IL (1 - w tt) I [A0 + (E + w tt - t w tt ) A tti.L 12 

(12) 

It should be pointed out that formula (12) can be obtained 
by using expression (8) for i = 1: 

nexp _ n exp = n exp (1), (13) 
2 1 

where nexp(1)is the yield of the single detected events. Indeed, 
the expression for the yield of the m detected events may be 
presented in the form 

n exp (m) = ::£ n(i) P ~ , 
I 

( 14) 

where prn is the binomial probability to detect m events from i: 
I 

prn rnrn( )i-rn 
1 =C 1 c 1-< . (15) 

After substituting formulae (II), (17) to (13) we obtain expres
sion (12). 

The use of the expressions (10-12,16) is enough to indepen
dently determine the value of w tt and Attj.L. We are of the opi
nion that the proper algorithm would be as follows: 

I. The value of wtt is determined by using the experimental 
values of n exp n exp and the formula (1- w ) - n exp./ (n exp) 2 

1 • ·2 tt - ::: 1 • 
2. The value of a =A 0 + (wtt + t -lw tt) is obtained from the 

time distribution of the first detected events. 
3. The value of b "' ,\ 0 + w t +At'" is found from formula 

exp (' , ) exp exp ,.. 
n1 "o+Wtt"ttll -n1 -nz · 

4. Substituting the value of wtt to the expression for b 
we obtain the value of A t~.~L. 

Thus, the values of w tt and A ttj.L can be found without know
ing the detection efficiency. It is obvious, that the efficien
cy itself can be determined from the experimental data if one 
uses the known values of wtt and Attj.L• and it is interesting 
by itself. The comparison, of the experimental value of l 

with the results of calculations in which different assump
tions on the character of the neutron energy distribution are 
used would give the possibility of obtaining the information 
about the (n,n) and (n,a) interactions in the final state of 
reaction (1). 5 



It should be pointed out that the necessary condition for 
correct determination of the values of w tt and A tt,.~ is as fol
lows: the neutron energy threshold must be less than one half 
of the minimum possible summary energy of two neutrons. 

Expressions (10-12), (16) can be easily summarized to the 
case of muon catalysis in deuterium. The common remark is that 
the effective use of these formulae in the experimental data 
analysis is possible only when the experimental multiplicity 
ii exp ~ 1, or for tritium when fA tt,.~ I A o ~ 1 and for deuterium when 
fAddl-t/Ao~l. For the muon catalysis of reaction (1) this condi
tion is satisfied in liquid tritium or in gaseous tritium at 
P ~ 100 atm. 
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