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1. Introduction

The phenomenon of oscillations of positronium 3v-decay quantum angular
distribution in magnetic field was predicted in papers [1, 2] and the idea of re-
alization opportunity of the new matier investigating method with the use of
positrons was put forward. Polarized positrons are slowed down in matter to form
the polarized positronium atom. The anisotropy of the 3y-decay quantum angular
distribution relative to the positronium atom quadrupolarization will bring time
oscillations of the count rate which can be experimentally observed in record-
ing delayed coincidences between the nuclear y-quantum (?2Na) and annihilation
quanta.

By analogy with the uSR-method the new technique was called the positro-
nium spin rotation (PsSR) method [2].

The oscillation frequencies correspond to the differences in energy of Ps atom
levels in the magnetic field

2 = 1/2AW (V1 +22 - 1),
20 = 1/2AW (V1 + 22 + 1),

Q3 = AWA1+22, (1)

(79)
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where AW is the value of the Ps ground state hyperfine splitting, = 4uH/AW =
0.0275H (kG), H is the external magnetic field strength. The oscillation can be
simply detected in a weak (zr < 1) magnetic field at the frequency §2;, since
25, 23 =~ 10!2 s~ and the termis involving 2, and 23, when averaged over the
detector time resolution (& 10~° s), become zero.

The oscillation modulation depth hg, equal to the ratio of the oscillation am-
plitude to value of the nonoscillating term, is defined by the following expression:

ho = 0.213P|sin O sin 2fsin o, (2)
where (Fig. 1) 8 and o are the polar and azimuthal angles specifying the direction
towards the detector, @ is the angle between the external magnetic field direction
(OZ axis) and the positron average polarization vector. It is assumed that the
last one is lying in the plane XZ. P is the degree of polarization of the positrons
entering the target. :

(b) [* ()

Fig. 1. The angular distribution of the orthopositronium annihilation quanta in a weak
magnetic field at the time ¢t = 0 (a), ¢t = To /4 (b) and ¢ = 3T0/4 (c); T is the oscillation
period, n is the vector directed to the center of the detector registering the decay of
v-quanta.

The oscillation amplitude becomes maximum when the positrons entering
the target are polarized perpendicular to the external magnetic field direction
(6 = =/2), and the detector registering decay quanta is placed at the angle
B = w/4 to the magnetic field direction in the plane normal to the positron po-
larization vector (¢ = m/2). Oscillation phases ¥, observed at angles § = 7/4
and 8 = 37/4 (o = const), and those observed i case when o = /2 and
a = —x/2 (8 = const) differ by =. '

Thus, the experimentally obtained time distribution is described in first ap-
proximation by the expression

N(t) = Aexp(—t/7)[1 + hosin(2nt/Ty + ¥)] + F, 3)
where A is the amplitude of the nonoscillating term, 7 is the orthopositronium
lifetime, To = 27/£2; is the oscillation period, F is background.

The results of the first experiments for observation of y-quanta angular dis-
tribution in orthopositronium annihilation in magnetic field are given in [3] and
confirmed in [4]. But the observation time in the above-mentioned experiment [3] -
was about 50 hours. This article describes advanced observation technique and the
results of the new experiment.
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2. Experimental results

To register the time spectra of orthopositronium annihilation, we made use
of the system based on three NaI(TIl) detectors (@150 x 100 mm) [5] included
into the delayed coincidence circuit. One of the detectors is set to register a nu-
clear y-quantum of 1275 keV (?2Na), and other two, facing each other and being
incorporated into the summation circuit, detect annihilation quanta. The time
resolution of the system i< 7 0 ns, time range is 500 ns.

The “positronium producing” target used was a tablét of fine-grained SiO,,
a pressure was (240.2) x 10~2 Pa. The magnetic field was generated by the SmCo
40x40x 4 mm magnets, its homogeneity over the target volume was AH/H ~ 5%.

The intensity of positron source (2 mm in diameter) is 3 x 10° Bq. The
positrons are polarized parallel to the direction of their motion to the degree
P = v/c, where v is the velocity of a positron at the time of its escape from the
source. The value of the positron polarization averaged over the source energy
spectrum is P = 0.65. Owing the fact that the positrons enter the target (and
hence, become polarized) within the solid angle 27, the average degree of positron
polarization P decreases to one half. :

To decrease the background to the positron annihilation ratio, the Ps time
spectra were registered during the time interval ¢ = 25...500 ns.

We had used the fact that oscillation phases ¥ observed in constant magnetic
field H at angles f1 = n/4 and B = 37/4 (o = w/2) differ by . If we subtract such
time distributions we receive the distribution defined by the following expression
(see Eq. (3)): :

N(t) = 2Aexp(—t/mo)hosin(2nt /Ty + ¥). 4)
The experimentally obtained data was analyzed with the non-linear least squares
method using the hypothesis that the time distribution is described by Eq. (4).
Magnitude of H, theoretical values ¥, T and values of Ty, A, hg, 7, ¥, estimated
with the least squares method, are given in Table. In this Table there are also given
the Pirsons accordance parameters x2 and their averaged values ¥2 equal to the
number of experimental points minus the number of selecled parameters. The
experimental time distributions are given in Fig. 2.

TABLE
The results of analyzing the experimental data with the non-linear least squares method.
N|HKG] [¥r | Tr[ns] Ty [ns] Ax1073 [ hgx10°] 7ns] [V [ x? | %
1 0.68 kg 52...61 58.6+ 0.2 480+ 1 3.0+£0.1) 1003 | m | 99 | 95
2 0.61 T 61...73 68.6+ 0.4 330+1 27£03(108£10 | 7 | 95 | 95
3 0.58 0 73...86 81.44+0.4 270+ 1 2.6+0.2 98+ 7 0 55 95
4 0.48 0 102...123 | 109.2+ 1.2 | 3601 29+03|117£13 | 0 | 258 | 91

As can be seen from Table, the period and the observed oscillation phase
are in good agreement with the magnitude and direction of the magnetic field
induction. The theoretically estimated value hg = 0.035 is little higher than the
experimental results. This fact takes place probably due to the neglected effects of
predominant absorption of soft y-quanta by the magnet material, magnetic field
inhomogeneity, and the relaxation of positronium polarization in the target.
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Fig. 2. The time distributions obtained by subtraction of the distributions observed
at angles 1 = 7/4 and f2 = 37/4 (o = 7/2). The solid curve shows the theoretically
estimated time distribution.

3. Conclusions

Thus, using more intensive (*2Na) source, magnet system with a low ab-
sorption of decayed y-quanta comparatively [3] and the method of subtraction of
the distributions with oscillation phases differing by 7 we essentially improved the
observation conditions of 4-quantum angular distribution oscillations in positro-
nium annihilation in magnetic field. The exposition time of experimental spectra
necessary for obtaining the oscillation parameters is several hours.

The work was fulfilled under support of Foundation of Fundamental Research
of the Republic of Belarus.
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