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In our previcus paper 1) an experiment has bieen
described 1 whoch the reaction

u- > Bed = E3 4 4 {1)

was observed and its rate was estimated rough]y.
Bv 1nalysing 14 events of reaction (1), the HY ra-
coil energy wrs accurately determined, so that i¢
s pessible to give quite a low (< 8 MeV) upper
limet {or the mass of the neutral particle ~mitted

12 the muen capture by the nucleon. This resuli
siowed hat 1n the muon-nucleon interaction a
neutrino is emitted and that the relevant process is.
m fact,

pTED TR+ U,

(2)

Recently. Eildebrand 2), as weli as Blaser et al. 3)
observed reaction (2) in liquid hydrogen.

tiere are given the results of an investigation of
reaction (1) which is based on a statistical matemal
an order of magnitude better than that obtained ear-
iter. The rate of reaction (1) was mezsured in or-
der to study the question of the w0 -- 821 "n
symrretry in the mnteyaction of

the
2338

S

nurlisan
faman aTRMLL

The samc experumental techn.go. += v, - was
vred. A "magmetic” diffusior (tamie-r 4= 3300
Ce) fiiled with He® at 20 atmoseneres wos placed
in the 217 MeV/c meson beam ~f the Dutnz 680
MeV synchrocviowron. The mesors were sicwed
dowm by a copner moderator placed 1 frant of the
chamber. A typical photopraph of an event corre-
sponding to reaction (1) is shown w fiz. 1. All the

:
experimenial material ‘ghout 107 rharast s

gcanned tvice, Since stanned miscons couid he

3ie

Fig. 1. Photograph of an event of the reactionu- + He3 —
He® + v, A muon stopping and decaying in the
chamber is also visible.

identified with great confidence if their lengths Lo
were _ 20 mm. only such stopped particles were
considered in the further analysis. It was estab-
lished that the scanning efficiency for stopping
mesons is close to unity and practically independ-
ent of the character of the event at the end of the
track.

The absolute capture probability is determined
in terms of the well-known muon lifetime (2.21 x
106 sec), if one measures the ratio of the number
of capture events to that of (ue)-decays from the
He? mesic atom state. Since the tritium produced
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in reaction (1) has a definite energy (1.897 MeV),
the problem of identifying events of reaction (1)
(tritium stars) consists in selecting a group of
one-prong stars with the corresponding range from
the background due to other yrocesses. The num-
ber obtained in this way must be then corrected for
the recording efficlency, i.=., it is necessary to
take into account the fraction of stars in which the
tritium leaves the sensitive region of the chamber.
Such a procedure requires that the stopping of
secondary particles be reliably identified in all
cases, including those when the range ends in the
vicinity of the insensitive region of the chamber.
To avoid this difficulty we used the two following
methods. ‘

First, the total number of events (1) was deter-
mined from the spectrum of the visible tracks of
the secondary particles belonging to all the stars
with the exception of those which on the basis of
the ionization character obviously could not be
tritium stars (fig. 2).
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Fig. 2. Spectrum of the visible track lengths of second-
ary particles from all the stars produced by
stopping mesons.

Second, such a number was determined from
the range spectrum of the secondary particles, the
stopping of which was certain (fig. 3). In this case,
an additional correction is necessary, taking into
account the tritium stars in which the H3 stops, but
the track end character of which is unclear.

Two peaks can be clearly seen in both the spec-
tra. One peak in the range interval (2.0 - 2.6) mg/
cm2 corresponds to the reaction (1) and the other
one in the interval (5.3 - 5.9) mg/cm? corresponds
to the radiative capture of pions in He3 (r~ + He3 -~
H3 + 4). Solid lines in figs. 2 and 3 are resolution
curves.

The background level was determined by linear
interpolation between the regions of the spectrum
close to the peak on the left and on the right sides.
It should be noted that if the interpolation interval
is extended from 2.0 mg/cm< to the left and from
2.6 mg/cm? to the right, the changes in the number
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Fig. 3. Range spectrum for secondary particles which un-
doubtedly are brought to rest.

of tritium stars we are determining are small and
do not exceed the statistical fluctuations of the
buckground.

First, the recording efficiency for the tritium
stars was calculated, the real topography of the
meson stoppings in the chamber being taken into
account. Secondly, the efficiency was found exper-
imentally from the analysis of all the stars. The
two estimations are in good agreement, and the
efficiency was taken to be 0.90 + 0.02. In the second
method an additional correction to the efficiency
was made on the basis of the fraction of (ue)-decays
with unclear end points and was found to be (6.5 +
1.5Y%.

The experimental results relevant to the number
of tritium stars are presented in the left side of
table 1.

Table 1
i-ata on muons stopping in He3.
Number of
reaction (1) Number of (ue)~-decays
evenis (L 5 =20 mm)
(Lo, 2 20 mm)
Meth-~
od Cor- With-~ <
Re |recwd| With | out |SOTRCRONL
corded for | visible visible O mesic |value
effi- |electron! elec~ atoms
ciency tron
1 95.5 106.0
+11.91+13.1| 24861 {10963 - 358 35466
I 88.31 105.2| + 157 | x 440 +121 + 615
+104 |+ 127

In the right side of table 1 are given the experi-
mental data on the number of (pe)-decays from the
states of HeS meso-atom.

The final results for the rate of reaction (1) is

= 3 =1
(Ang)exp =(1.36 £ 0.18) x 10° sec™" .
This is to be compared with the theoretical value

31¢
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of Wolfenstein 4) (AgeS)hpeor = 1.54 X 103 sec-1 more recent measurements of N{oyer etal. 68)
The calculation of (ABes is based on the theo- (Ac12 = (6.31 1 0.24) x 108 sec ). Then we get

ry of the eniversal vector and axial-vector interac-
tion with account of virtual pion corrections, under
the assumptions that the vector current is con-
served. Statistical population of the hyperfine
structure *-.vels in the HeS mesic atom is assumed.

The = _.ence of an effective mechanism for the
transition between the hyperfine structure levels in
the Hed mesic atoms and the insensitivity of
(AHeS)theor even to cxtreme deviations from a sta-

ezl population of the leveis make one think that
irom this point of view the HeS experiment c2u be
interpreted unambiguously. The uncertainty in
(AHe3ktheor due to the inexact knowledge of th
root-mean-square radius of thn nucleus and to the
error in the ft value of the H3 g-decay, is 5% 4).
The uncertainty in the caiculations of the pseudo-
scalar constant g, is difficult to estimate, but it
turns out to be essential only in the region gn# <
+ 8 gaM. where ga¥ is the axial-vector consluit in
the g-capture. The experimental magnitude of the
rate of the reaction (1) definitely shows that g,#
and gp ¥ have equal signs and that the absolute value
of gpH cannot be small (§ gp+ < gpﬂ < 35g,H) .
Therefore, the uncertainty in the calculated value of
gp* cannot play an important role.

Thus, it should be emphasized that the rate of
reaction (1) predicted by the universal theory agrees
with the experiment within the theoretical and ex-
perimental inaccuracies. Tiis implies that the
muon-electron symmetry in .epton capture by nu-
cle :ms, which is at the ba..is of the universal theo-
rv., ioes not contradict our 13% accuracy experi-
men.al result.

Below we shall discuss the problem of the Fermi
interaction, the very presence of which in the pro-
cess of muon capture by nucleons is still to be
proved. Reaction (1) is a mixed transition, the rate
~f which depends on two parameters, the Fermi
Gy anc the Gamow=-Teller Gg Ehenomenological
cunstants (Age3 ~ (Gg2 + 3GG9))

} 1s desirable to get information on Gy without
making aay "a priori” assumption on the form of
the four-fermion interaction.

This is possiole, if the analysis is made of both
our exnerimental resulls and those on the rate of
the reaction

[T CIE_B?;?_U , (3)

which 1s a pure Gamow-Teller trans:tion, Unfor-
tunately, there is a considerable discrepancy
among different measurements of the reaction {3)
rate. It seems reasonable to consider only the

* An analoyous conclusion filiows also from the analysis
of the asvmmetzy of the scuirers onit*~d in muon cap~
ture by complex nuclei 3.
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that |Gp| = (0.8 + 0'4) |Ggl. The error indicated
takes into account the experimental inaccuracies
and the uncertainty in the nuclear matrix elements
of reactions (1) and (3). According to Wolfenstein4),
the latter amounts to 20% and is the main one.
Another possibility of getting information about
.the Fermi constant is to use our HeS3 result to-
gether with the result of the experiment with hydro-
gen 3). The ratio of the muon capture rates from
the hydrogen mesic molecule and He3 mesic atom
states Ap,p/ Ae3 turns out to be sensitive to the
Gr/Gg o?), Of course, the result will depend
on the not very well known accuracy in the calcula~
tion of Apyp. K only experimental errors are taken
into account, we get that Gp/Gg < - 0.1. The final
value of the Fermi constant is taken to be

0.4
GF—-(08+°7)G(;.

This result, confirming the presence of the Fermi
interaction in the muon capture, excludes the pos-
sibility that Gy exceeds considerably GG, and is
quite compatible with the value predicted by the
universal (V-A)-interaction theory.

Of course, the existence of the vector interac-
tion follows from our measurements mych more
evidently if it assumed that gak = gpP ) and g ¥ =
8gAI‘ . Indeed, if the vector interaction were ab-
sent, the reaction (1) rate would be expected fo be
0.93 x 103 secl, i.e., essentially smaller than the
measured value. However, the above values of gpH
and gpH cannot be equally well justiiied.

The authors are very grateful to S. S, Gerstein
and V. S. Yevseev for the discussion of the results,
as well as A, G. Zhukov, N.V. Lebedev, V. N, Ore-
kov, V.F.Poenko, A. G. Potekhin, A.L Tokarskaya
and Ye. A. Shvaneva for help in making the meas-
urements.
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