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The process of negative muon depolarization in hydrogen has 
specific features which are due to the possible influence of the 
interactions of excited ~-atoms with external hydrogen atoms 
and also due to exchange collisions of Pf- or d[« -atoms with 
protons or deuterons. From this point of vt'ew the study of f-
meson depolarization in hydrogen is of inherent interest. Besides 
this the knowledge of the value of residual polarization Pfl {Jl) 
and Pl"f (5)) is necessary for chOosing the optimum condi tiona of 
experiments on nuclear mu-capture by protons and deuterons. Finally, 
the measurement of the values of P~ in hydrogen is a possible 
way of obtaining 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 
results studying the resonance muonic molecule formation. 

Until recently the process of negative muon depolarization in 
hydrogen has been poorly investigated. "Standard" depolarization 
theory 11•2/ is i~ good agreement with the experimental data for 
many elements w1 th Z > 2 but for helium the experimental result /J,16f 
of the P('f measurements is approximately 5 times small_er, than 
the theoretically predicted one. According to the theory 121, the 
value of polarization ( Pe-s ) for hydrogen obtained with accoWlting 
only for spin-orbital interaction ( {.. - orbital quantum number and 
B - spin of muon), must be bigger than the value of Pe-s::::! 0.17 
obtained for the ini tiel values of {0 >>.f and must be equal to 
Pl-S (D,H) ~ O.Jo. Additional decreasing of negative muon polari­
zation is due to the hyperfine I-S interaction ( I - epin of proton 
or deuteron), thue at the formation of mu-atom in the ground state 
the residual polarization of muon must be equal to 

If, (H,D) • <><. 0.15, (1) 

where the value of of.... accounts for the possible influence of 
some unknown effects on the polarization value. 

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

Pf4 + p' ~ PJ'H p the value 

).. d(H) - 1010 .-1 (2) 
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and for the process dr-o+d'-.. d('l+ d. 
)\d(D) ~ 107 s-1 

(for the density liquid hydrogen). 

, the value 

(3) 

Experimentally the value of P,.v has been found only for 
liquid protium /S,9/. The data of these measurements are given in 
Table 1. As is seen from this table9 the accur~cy of the P;u (H) 
measurements has been J-4%. The aim of our measurements was to 
determine the values of P fl./ (H) and P ft4 (D) in gaseous hydrogen 
with an accuracy of ::::;" 1%. The use of gaseous hydrogen gave us a 
possibility of increasing the sensitivity of our data to the value 
of exchange collision rate and gave us a hope to detect the nonzero 
value of p~ (D). 

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

Liquid H2 

• 
Gaseous H2 (40 

Gaseous D2 (40 

Residual polarization,% 

3 :t 3 

7:t4 

atm) O.J :t o.9 

atm) o. 6 :t 0.9 

Source of data 

/8/ 

/9/ 

present 

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 muon beam of the 
JINR 680 MeV synchrocyolotron. The schematic view of the experiment­
al set-up is presented in Fig. 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 registered by count­
ers 4 and 5 with CsJ(Tl) scintillator. The target was filled with 
hydrogen (protium or deuterium) of high purity. The contamination 
by admiXtures of other elements with Z > 1 in hydrogen was less 
than 10-7• Scintillation counters E1 and E2 located symmetrically 
around the target were designed for detecting electrons from dec~ 
of muons stopped inside the target. Electronic apparatus has been 
used to measure the electron time distributions. 
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Fig. 1. 
Schematic view of the experimental set-up. 

· 1-J- monitor counters (plastic scintillator), 
4 and 5 - counters with CsJ(Tl) ecintillatore, 6 -
moderator, 7 - Helmholz coi-ls, 8 - gaseous hydrogel'! 
target, E1 and E2 - electron detectors. 

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

tJ (FPI" = 1) = 4.1 rad/mcs, 

W (F df'l • J/2) = J, 6 rad/mcs, 

W (F dfl • 1/2) • 4.8 rad/mc.s 

(F - the total spin of P{'l - or df-atom). 

(4•) 

(4b) 

(4c) 

The allowed time instabiiity of magnetic field strength and 
its nonuniformi ty in the target volume were £ 1%. 

The main runs have been performed with protium and deuterium 
under the gas pressure of 40 atm and magnetic field value of H Q140 Oe. 
To check the parameters of our apparatus there have been carried out 
runs with a graphite disc inside the target under H c 140 Oe, 70 Oe 

:::a~ :00~~~6t~:~t:t;:~s:!:= ~; !!:a:l;:::~nB:!::e::s~~!b~~~:::r::s 
have been performed With vacuum target and with hydrogen under H = 0. 

Electron time distributions were analyzed using the expression 

where }\ is the muon disappearance rate (for hydrogen)\ = J't.o 
4.55•105 s-1); AdJ the value of depolarization rate for the ground 
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state of: Pf'l- the amplitude of muon spin 
precession; ~ • Q.85 1 initial muon polarization ; uJ, the pre-
cession :frequency; 'f , initial phase; .. 8, normalization parameter; 
and c, the background level parameter. 

The electron time distributions obtained in the runs with 
graphite (a), protium (b) and doutertum (c) ere shown in Pig. 2. In 
Pig. J the results of the frequency ana~sis (the optimization or 
the expression (5) parameters under .fixed values of W ) are present­
ed for distributions obtained in the random coincidence measurements 
(a) and in the rune With graphite at H • 140 Oe (b), H • 70 oe (c) 
and with protium (d), deuterium (e) at H • 140 Oe. The· results of 
a common fit of time distribution for detectors E1 and E2 are present­
ed in Fig. 4 for the runs with graphite, protium and deuterium. 

The optimum values of expression (5) at ~d ~ 0 parameters for 
distribution delivered in the runs with graphite, protium and deuteri­
um are listed in Table 2. It should be pointed out, that the values 
of f. obtained by us are in good agreement w1 th the measurements 
/ 10-121 of muon lifetime in hydrogen and carbon and our values ~f A, 

~· 

Fig.2. Electron time distribution registered· 
by one of the electron det·ectors in the runs 
with graphite under H=70 Oe (a),with protium 
(b) and deuterium (c) at H=140 Oe. Each 
distribution was corrected to the exponent 
e~tj~, where~ is muon lifetime in carbon 

~.~~~~~~$f~~~b or hydrogen. Solid curve in Fig.2a is the 
i~ inter dependence (5) with parameters de£ined 
i in computer analysis. l ~·"·"~ I 
~f ''ii'\1'mlf:l \!!Hii:!l 11

1
1 , 

' ' ' 

Fig.). The results of the analysis o.f electron 4 
time distributions obtained in the measure-. ~ 
menta o.f random coincidences (a) and 1n ex- ' 
posured with graphite (b,c}. Open cycles - ·>}, --,~-"'.~--;!,.--..$ 

G), rad:/MC$ 
Ha140 Oe, full cycles - H· a 0. 
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obtained in the runs with graphite agree with the measurements 1131. 
It means that there are no systematic errore at sufficient level in 
our experiment. 

As is seen from the data in Table 2 our results for protium and 
deuterium agree with expression (5) at A=O and ~d =0. Further analysis 

F1g.4 •. Common f'it of electron time· 
distributions for detectors E1 and 
E2 obtained in exposures with gra­

phite at. H=140 Oe (a), H=70 Oe (b) 

and with protium (c) and deute.rium 
(d) at H=140 Oe. 

A ' 

Table 2. The results of analysis of electron time distribution 
obtained in the runs with graphite., pro.tium and 

deuterium at H = 140 Oe. 

Frequenc~ of Optimum parameters of expression 

' 

Target precession u.J , ~= f>e~~t[1+ flM(wi+'f'J)•C Residual 
rad/mcs polari-

)-,, 106.-1 A, % xz zation,% 

( 2=174) 

Graphite 11.8 0.49:l;t0.002 4. 9±_0. 2 190 1~1 

Protium, 
40 atm (4a) U) •4.1 e.454z.o.oo2 0.0~0.25 18) o. :l;t0.9 

Deuterium, 
40 atm (4b) W•J.6 o.16:t.O· 25 208 0.6±0.9 

0.45)±0.002 
• (4c) w •4.8 .. - .. 

0.2~0.25 205 1.0z.0.9 
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has made it possible to obtain the ne~t estimates for the depolariza­tion rates of negati:v-e muon in. protium and dell:terium 
)-.. d (H) > 4• 107 8-

1 
(6) 

).. d(D) > 4'107 8-l (7) 
(for the density of liquid hydrogen). 

Experimental estimate (6) agrees with the theoretical value/4 ,?/ (2) and at the same time does not contradict to the assumption that 
negative muons lose their polarization in Pfl-atom excited state. The estimate (7) is not in consistency with calculatiori /G/ and experimental results 114 • 15/ indicate to a small exchange df + d collision rates in gaseous deuterium, but it agrees well with theoret­ical calculations /?/. There is only one possibility of fitting our data (7) to the results /G, 14r 151, namely to assume that in hydrogen under the gas pressure P ~ 10 atm negative muons lose practically all their initial polarization when they are in the excited mu-atom state. To make a final conclusion on this subject one has to carry out both new theoretical research including the excited mu-atom interactions with external atoms (Stark-collisions) and new experi­mental investigation of the negative muons depolarization at differ­ent densities of hydrogen. 

It would have been most desirable to carry out these measurements with a substantially increased accuracy <~ 0.1% in ~uantity P~ ). The results obtained in rer.115/ are an evidence to the possibility of performing measurements with the indicated accuracy. It is probable that in this case one may succeed in registering the nonzero residual polarization of muons in deuterium and will measure the rates of transi tiona F • J/2 --J> F ., 1/2 in collisions df4 + d. This will provide direct data on the d[Ll -atom spin states which is essential both for interpreting the data on nuclear {/-capture by deuteron 1 17/ and for studying the spin dependence in resonance production of muon molecules dd(lf 1181. At nonzero residual polarization of muons in deuterium it is possible in principle to find the transition rates F = 1 --+ F = 0 in collisions Pf' + p - through measuring quantity p(lt in the gaseous mixture H2 + cf..._ n2 (where cf.._ ...... 10-3 for the pressure in the mixture ,...._ 10 atm) and the characteristics of some other f' -molecular and jll -atomic processes. 

The authors are indepted to S.S.Gerstein, L.I.Ponomarev 
v.s.Rogsnov and V.P.Smilga for use~ull discussions. 
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