


The process of negative muon depolarization in hydrogen has
specific featurea which are due to the poesible influence of the
interactions of excited M -atoms with external hydrogen atoms
end alsc due to exchange collisione of Py - or dfu ~atoms wlth
‘protong or deuterons. From this point of view the atudy of /‘4 -
meson depolarization in hydrogen ie of inherent interest., Besides
this the knowledge of the value of residual polarization P/q {7{)
and IDN (i)) igs necessary for choosing the optimum conditionse of
experimente on nuclear mu-caepture by protons and deutercns. Finally,
the meagsurement of the values of P/u in hydrogen is a possible
way of obtalning some information on the mu-atom spin states which
is very important for interpretation of the experimental data on
nuclear muon capture in hydrogen and also for understanding of the
reaults studying the resonance muonic molecule formstion.

Until recently the process of negative mucn depolaerizstion in
hydrogen has been poorly investigated, ®3tendard" depolarization
theory he is 4n good sgreement with the experimentsal data for
many elements with Z> 2 but for helium the experimental reault 3, J
of the Pfq measurements is approximately 5 times smaller, than
the theoretically predioted one. According to the theory /2/ the
value of polarization ( P“ ) for hydrogen cbtained with accounting
only for spin-orbital intersction ( f - orbitsl quantum nurber and
8 - apin of mucn), must be bigger than the value of PE’S— 0. 17
cbteined for the initial values of fo >>4{  and must be aqual to
Pf-s {D,H) =~ 0.30. Additional decrsasing of negative muon polari-
zation is due to the hyperfine I-S interaction ( I - spin of proton
or deuteron), thus st the formation of mu~stom in the ground sfate
the residual polarization of muon must be equal to

r;v(n.n) - & 0,15, 1)

where the value ‘_of o  accounts for the possible influence of
some unknown effecta on the polarization value.

In the ground state of mu-atom polarization cen decrease due
to exchange collisions of meslc atoms with protons or deuterons.
Theory 4T predicts for the depolarization rate in the process

prd +p’ —?P/\H- the value .
A g~ 101071 (2)



and for the process dﬂ+d‘—> d’/‘l+d, » the value

Ay ~ 107 &7 (3
(for the density liquid hydrogen).

Experimentally the value of F%v has been found only for
liquid protium /8'9/. The dsta of these measurements are given in
Table 1. As 1s peen from this table, the accurécy of the gu (H)
meagurements has been 3-4%. The aim of our measurements was to
determine the values of P, {H) and Pa (D} in gaseous hydrogen
with an accuracy of =~ 1%. The use of gaseous hydrogen gave us s
possgibility of increasing the sensltivify of cur data to the value
of exchange collision rate and gave us a hope to deteect the nomzere
value of Py (D).

Table 1. The results of the measurements of negstive muon
polarization in hydrogen.

Residuasl polarization,% Source of data

Liquid H, 3+3 /s/

" T+ 4 /9
Gaseous H, (40 atm) 0.3 & 0.9 present
Gasesus D, (40 atm) 0.6 + 0.9 experiment

For measurements of the polarization the parameters of muon
spin precession in a transverse magnetic field have been found by
means of fitting of time distributions of electrons from mu~decay.

The experiment has been carried out on the mucn beam of the
JINR €80 MeV synchrocyoclotron. The schematic view of the experiment-
al set-up is presented in Pig. 1. The muons were detected by monitor
counters 1-3, slowed down by the moderator (6) and stopped in the
target (8). Muon stoppings in the target were regigtered by count-
ers 4 and 5 with CsJd(T1) scintillator. The target was filled with
hydrogen (protium cr deuterium) of high purity. The contsmination
by admixtures of other elements with 2> 1 in hydrogen was less
than 10"7. Scintillation counters B1 and B2 located symetrically
around the target were designed for detecting electrons from decay
of muons stopped inside the target. Electromic apperatus has been
used to measure the electron time distributions.



Fig. 1.
Schematic view of the experimental set-up.
"1=3 ~ monitor counters (plastic scintillator),
4 and 5 - counters with CaJ(Tl) scintillatore, 6 -
moderator, 7 - Helmholz coils, 8 - gaseous hydrogen
target, E1 and E2 — electron detectors.

Magnetic field was provided by Helmholz coils with a mean
radius of R = 42 cm. In the main runs the magnetic field value
has been equal to H = 140 Qe which corresponds to the next aspin
precession frequency (W) for muon in hydrogen mesic atom

w (Fﬁu = 1} = 4.1 rad/mes, (4a)
uJ(FdF = 3/2) = 3.6 rad/mes, (4b)
UJ(Fdﬂ = 1/2) = 4.8 red/mcs (4c)

(F - the total spin of Py - or qﬂuatom).

The allowed time instability of magnetic field strengith and
its nonuniformity in the targef volume were < 1%

The main runs have heen performed with protium and deuterium
under the gas pressure of 40 atm and maegnetic field value of H =140 QOe.
To check the parameters of our apparatus there have been carried out
runs with a graphite disc inside the target under H = 140 Oe, T0 Oe
and H = O.The total statistics in the electron time distributions was
equal to = 10" counts for eack of these runs. Besides, the exposures
have been performed with vacuum target and with hydrogen under H = O.

Electron time disiributions were analyzed using the expression

dNefdt = Bexp(~ M)[4 + Aexpi-}gt) ws(wt+ )]+ C, (5)

where A is the muon dissppearence rate (for hydrogern A = ,Ko =
4.55'105 9“1); )‘d’ the value of depolarization rate for the ground



state of pr~ or dm —atom; A= PPy /3, the amplitude of muon spin
preceseion; 5 = 0.85 » - inttial muon polarizstion i W, the pre-
cession frequency; b4 + 1nitial phase; _3.: normalization parameter;
and €, - the background level pargmeter. .

The electron time distributions obtained in the runs with
graphite (a), protium (b) and deutertum (c) are shown in Fig, 2. In
Plg. 3 the results of the frequency analysis (the optimization of
the expression (5) parsmeters under fixed values of (J ) are present-
ed for distributions obtained in the random colncidence messurements
(a) and in the runs with graphite at H = 140 Oe (b), H a 70 Qe (o)
and with protium (d), deuterium (e) at H = 140 Qa. The ' results of
a common fit of time distribution for detectors E1 and E2 are present-
ed in Pig. 4 for the runs with graphite, protium and deuterium.

The optimum values of expression (5) at )‘d 2 O parameters for
distribution delivered in the runs with graphite, protium and deuteri-
um are listed in Table 2. It should be peinted out, that the values
of A obtained by us are in good agreement with the measurements
/10-12/ of muon lifetime in hydrogen and c¢arbon and our vslues qf A,

graphite H=700e

Fig.2. Blectron time distribution regigtered’
by one of the electron detectors in the ™uns
with graphite under H=70 Oe (a),with protium
(b} and deuterium (¢) at H=140 Oe. Each
distribution was correched to the exponent

~
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obtained in the runs with graphite agree with the mesgurements [13/.
It means that there are no systematic errors at sufficient level in
our experiment,

AB i8 peen from the data in Table 2 our results for protium and
deuterium agree with expression (5) at A=0 and )\d =0, Purther analyeis
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Table 2. The' results of analyeis of electron time distribution
obtained in the_ru_ns with graphite, protium and
deuterium at H = 140 Oe.

Frequency of Optimum parameters of expression
Target precessionw , lj: ) e"_M"- [4.,. A cos (wi+ ‘P)] o Residual

rad/mes polari-
N, 10871 A, % X*  zation %
('=174)

Graphite 11.8 0.493+0.002 4.%40.2 190 19+1
Protium, .
40 atm (48) w =d, ] ) [c 45410.002 OoOSﬁO. 25 183 Qe 31‘_0.9
Deuterium,
40 atm (4b) W=3.6 0. 1640425 208 0. 640.9

" {4c) W=4.8 0.28+0.25 205 140£0.9




has made it possible to cbtain the next estimates for the depolariza-
tien rates of negative muon in protium and deuterium

A g > 20107 5™ (6

X a0y > at107 571 : (7
{for the density of liquid hydrogen).

Experimental estimate (6) agrees with the theoretical value/4'7/

(2) and at the same time does not contradict to the agsumption that
negative muons lose their polarization in P -atom excited state.
The estimate (7) is not in consistency with caloulation /°/ and
experimental results 714,15/ indicate to a small exchange ap 4+ d
collision rates in gaseous deuterium, but it agrees well with theoret-
lcal calculations 7/. There is only one possibility of fitting our
data (7) to the results /6,14,15 s namely to assume that in hydrogen
under the gas pressure P 2 10 atm negative muons lose practically
all their initial polarization when they are in the excited mu~atom
atate. To make a finel conclusion on this subject one has to carry
out both new theoreticsi research including the excited mu-atom
interactions with external atoms (Stark-collisions) snd new experi-
mental investigation of the negative muons depolarization at differw
ent densities of hydrogen.

It would have been most desirable to carry out these measurements
with a substantislly incressed accuracy {=0,1% in quaniity Py )s The
results obtained in ref./15 are an evidence to the'possibility of
performing measurements with the indicated accuracy. It ia probable
that in this case one may succeed in registering the nonzer¢ residual
polarization of muons in deuterium and will messure the rates of
transitions F = 3/2 —F = /2 in collisions dM 4+ 4. This will
provide direct data on the dﬁ ~atom epin states which ia easential
both for interpreting the data on nuclear M-capture by deuteron i/
and for studying the spin dependence in resonance production of muon
molecules ddﬂ + At nonzero residual polarization of muons in
deuterium it is posgible in principle to find the transition rates
F =1 —-» P =0 in collisions Pr+p = through measuring
quantity Ppl in the gaseous mixture Hy + A D, (where A ~ 1073 for
the pressure in the mixture ~ 10 atm) and the characteristics of
some other /U ~molecular and /¥ =-atomic processes.

The authors are indepted to 5.5.Geratein, L.I.Ponomarev
VeS.Rogenov and V.P.Smilge for usefull discussiona.
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