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Among the weak interaction processes of non-strange particles the least studied is the muon capture
by nucleons, The investigation of the muon capture by free protons, a process which until now has not
yet been observed, is of greatest interest, but future experiments on the subject will clearly encounter
difficulties of interpretation because of various mesomolecular effecfs/l/. Experiments on muon capture
by nuclei, in the main, have a global character, i.e. they yield total rates of capture, summed over many
transition channels/ /. _The only definite transition, which has been studied in detail, is the muon cap-
ture process in C 12 with the formation of B 1273, 4/. Even in this case the interpretation of the re-
sults is made dlfflcult by various nuclear structure effects; In addition there is no agreement among vari-

ous transition rate méasurements which have been performed.
s

The experimental investigation of the muon capture reaction in He?’ with production of H~ and neu-

trino in the final state

Tl Hea-e-H8 + v (1)

/5,6/

is of great interest because the theoretical calculations of the transition rate, based on the know-
. 3 . )

ledge of the ft value inthe B -decay of H are quite accurate. The measurement of the proba-

bility of (1) allows to determine the effective muon-nucleon coupling constant and to check the uni-

/1/

versal weak interaction theory’ .

V.4
In addition the determination of the H3 recoil energy in the process (1) directly gives the upper
limit of the mass of the neutral particle emitted in muon capture. In this way it is possible to demonstrate

/8/

the existence of the process

’L_-{-p-—-’-ll"{'l} (2)’
which is generally assumed to take place but, in fact, had never been observed either on free protons-or

on nuclei*.

Below there are described the first results obtained in the investigation of reaction (1).

3 . . . . - ' . 3 -
Since He" is arare isotope at first we were planning to study muon capture in He~ by using a
mixture of helium and hydrogen; we were hoping that muons would effectively jump over from meso-hydro-
gen to mesohelium by analogy with the well-known process of muon jumping over from hydrogen to deu-

terium and other nuclei, However experiments which we performed with a diffusion chamber filled up

7 The most direot measurements of the energy carried away by the neutral partiole {n muon oapture by nuolef
was performed by Fry/g/. Nevertheleas his data do not permit to get a suftioiently low estimate of the mass upper
1imit,



with a mixture of helium and hydrogen, as well as theoretical- arguments of Gerstein, demonstrated that an
efficient muon jumping over from hydrogen to. hehum does not take place even at hehum concentration of

15 %. Consequently we had to use pure He2 in subsequent experrments.

In the experrments use was made of a diffusion chamber, filled up with helium 3 at a pressure of

20 atmospheres. Thepurity of the gas was better than‘ 99, §99%. The H3 contamination was about '1615‘
The vapour pressure of methyl alcohol in the sensitive layer of the chamber was less than ‘50 mm Hg.
v'The magnetlc chamber ( H = 6000 oersted ) was placed in the 217 Mev/c r meson beam of the Joint Instx-

tute for Nuclear Research synchrocyclotron. Slowing down of mesons and separation of muons from plons

were accomplished by means of a copper filter, placed near the chamber. Special care was taken in -

ahielding the chamber from thermal neutrons, which through the . high cross section reaction
8 ' S
n+ He® 5o 0 +p " (3)

might have given a serious background and an intolerable large density of jons in the chamber.

Untll now about 6000 photographs of mesons stopping in helium 3 were obtamed in the course of
the ‘muon expoaxtlon , that is an exposition in which the copper filter th:ckness was selected to ‘give
the maximum number of muons stopping in the chamber. The identification of reaction (1) was based
on the circumstance that the tritium recoil in ( 1) must have a definite energy ( 1.897 VeV ), and con-
sequently a well defined'range. There were analysed one-prong stars produced by stopping mesons. In
Fig. 1 there'is presented the distribution in range of those charged particles from stars, which stop
w1thm the sensitive layer of the chamber (‘muon histogram’). In this histogram there have been included
6 cases (dotted in the figure ), the identification of which was doubtful either on account of bad visibility
or because the track of the stopping meson was too short. In order to clear up the question as to whether
there is present a background, simulating events of type (1), which.might have been produced by pions
present in small amount in the course of the ‘muon expos}tion’, there were analysed .1200 pion stars, ob-
tained in a separate e)tperiment (‘p‘ion exposition’), characterized by a copper filter thickness chosen to
obtain the maximum number of pions stoppmg in the chamber. The range histogram of the plon star pro-
ducts which . stop in the chamber sensitive layer is shown in the same flgure in form of shaded rectangles
(pxon »hlstogram'). ‘The last histogram was ‘normalized’ to the area of the ‘muon histogram’ in-the range
region 5.00 6.00 mgr/cm2 where in both expositions should be mainly.represented events of radiative-
pion c.apture in helium 3; =+ He® ~osnH® + Y ‘ From'the number of stars in this region it follows
that the contammatxon of pions stopping in the chamber in the course of the ‘muon exposmon is about
2%. Such a value of the pion contamination was confxrmed by mdependent measurements in which the to-

tal number of stars was determmed when the’ d:ffusmn charber was fllled up with helium 4.



The results demonstrate that the stars obtained in the ‘muon exposition’ are mairrly produced by pions
all over the range interval of Fig. 1 with the exceptwn of the region close to -2.40 mg/cm where, as it
seems, there appears a monoenergetlc group of particles produced by stopping muons. An estrmate of the
spread in the range determination was made on the basis of measurements of the ‘total’ range ( H range
plus proton range ) of a large number of events in which a thermal neutron was captured by He? according

-to reaction ( 3). The number of such events was abont 20 per picture, The wrdth (standard devratlon ) of
the range drstrrbutlon in these measurements was 0,06 mg/cm 2, A Gauss curve with such a width is drawn'
in F'lg. 1 in order to illustrate the magmtude of the spread affectmg measurements of the range of mono-
energetrc partrcles in our conditions. It can be seen that the particle group with range near 2.40 mg/cm2
‘may really be considered as monoener getic.. The energy of these particles is in agreement with the expec- 3
" ted value of the tritium energy in reaction (1). Thic means that in the muon capture by helium 3 there
must be present a transition in which only one neutral particle is emitted, the mass of this particle being
compatible with a zero value ( see below) and its spin being half-integer. It is possible to conclude: that
we have observed 14 events of muon capture in He3 with emission of tritium and neutrino in the final
-state. Fig, 2 shows a typical photograph of process ( 1 ). The mean range of trmum determined on the
basis of 14. ccases is (2.37 + 0.02) mg/cm :
/10/

Using this value and experimental data on jonization losses by protons in helium " one can estimate - .
. the upper lrmrt of the mass of the neutral particle emitted in the process of rauon capture by nucleons,
‘ This mass tuns out to be less than 6 MeV with a probability of 99%. The _rr\apses of charged particles
participating in this reaction were taken to be Myed = 2808,22 '\leV : mﬂa = 2808,75 MeV,
m =.105,65 MeV. It should be noted that tbe estimate given above does not take into account ﬂystem-
atical errors which certainly can be present, in particular, in the energy range rel~tion, and includes only
'statistical errors in the tritium range measurements, ‘Because of this, a more conservative conclusiioni is
that a finite value  for the mass ‘of the muon neutrino emitted in reaction (1) “could not be cbserved, the

uncertainly in the neutrino mass being about 8 MeV ( as this is brought about by an analysis of different

errors ).

The probability A ofreaction (1) may practically be written ac the prodrrét of the knowri rate of

(pe) decay times the ratio of the number of events of type (1) to_ the total number of muon stops in’
helmm 3. Corrections, takmg into account the detecting efficiency of tritium nuclei with the proper range
in the chamber and the scanning efficiency, were apphed to the number of observed events of type (1)

“and to thc number of stopping muons ( 5196). The detecting efficiency of tritium was determined by an/alys-
ing the spectrum of visible track lengths of charged particles emitted in pion stars and was (88 + 4 )%
The scanning efficiency was determined by repeating the scanning of a part of the data-and turned out to

‘- be 94 %.



If the muon mean life is taken to be 2.21. 10 sec., the value of A is (1.30 % 0.40).10 3 sec.”L,
This result should be compared with the theoretical value (1.54+0.08). 103 sec’l of Wolfenstein/é/

(‘apparently the most accurate one ) based on the universal weak interaction theory.

The confidence in the agreement of the experimental result with the theory is not high because of the
large statistical error; consequently we are at present aiming to improve very significantly the statistical
accuracy of the data. It may be noted, however, that the 30% accuracy with which the universal interaction
theory has already been checked in the experiment described above is comparable with the accur;acy with
which this theory was tested/®/ in the investigations of the pure Gamow-Teller transition in the reaction
g+ C'% s B'? + . Our result gives the first rough information on the magnitude of the vector
muon-nuclenn interaction constant, the sign of which, as it is well known/ll/, is opposite to the sign of

the axial-vector constant,

If it is assumed that the hyperfine structure states of meso-He3 are populated statistically (in favour
of such an assumption there are  serious theoretical arguments 12/), the probability of reaction (1) de-

fines the value 3(;%} + G%. - where G, and G are the Gamow-Teller and Fermi effective coupling

constants, For our purpose these can be expressed through the axial-vector gi“) and the vector g(“‘),

(u)
90 ~ ng( )

Combining the most precise value of the c12 5. pl2 experimental transition rate, (6.31 + 0.24).

10%sec! (4), with our experimental rate of the process . p~+ He®e—— 43 4+ v we find that

lg( v”' )l < 2 l ;gA(“)l with a probaBility of 90%.
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Distribution in range of particles stopping in the sensitive layer of the chamber and

connected with meson stops. ANy g the number of events per unit range interval
1

obtained in the *muon exposition’.
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Arrow [ indicates the experimental range of tritium in reaction ( 1 ). Arrow 2 shows
the range of tritium is reaction (1), calculated on the basis of the range-energy
relation/10/ yndet the assumption that the neutrino mass is zero, See the text for the
explanation of the full curve.

is the same qugntity obtained in the ‘pion exposition’,
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H3 S+

Fig 2 Typical picture of an event =~ + He3.

The short tracks which are visible on the picture are produced by thermal neutrons in the

reaction n + Hé3 — H3 +p

( RHs + Rp =0.86 mg/cmz)-
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