


The dependence of the ddu-molecule formation rate (Rdd“) on the du-atom
~spin state. can be considered a bright manifestation of  the resonant
character of the muonic molecule formation process™™™ . The investigation
of this bhenomenon is of great impdrtance since it allows the precise
determination of the energy of a weakly bound level with J=v=1 in the
ddu-system and gives the possibility of testing the principal features of the

theory of the resonant muonic molecule formation process.
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A scheme of the main process caused by negative muons in deuterium is
shown in fig.l. The dp-atoms are initially formed in two states of hyperfine
structure with a spin F=3/2 and F=1/2. The transitions from ‘the upper spin
state to the lower spin state can take place in. the collisions of du-atoms
with deuterium atoms (molecules). At low deuterium temperatures (to 100 K)
these  transitions are irreversible. From each du-atom spin state the
ddu-molecule can be formed, which also has two states with a total spin
S$=3/2, 1/2. So there are four (if one neglects the rotationl structure)
resonances which correspond to different deuterium temperatures. Hence the
ddu formation‘ rates from the two du-atom spin states (7\3/2- and Xm) as a
. function of deuterium ' temperature must be different. This difference
especially manifests itself at low temperatures wherée the ratio A
can be 70-80. ' ‘
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The effect of spin dependence of the ddu-molecule
experimentally discovered by the Vienna-PSI grouptnal‘. In further experiments
of this group ¥'® , and A~ as well as the rate A, of
the transition F=3/2 —w F=1/2 were measured as a a function of deuterium
temperature. These measurements

formation rate was

the values of ks/

were performed with 1liquid  deuterium
at T=21.5 K and with gaseous deuterium of relatively small density: ¢=2%, 4%
(relative to the liquid hydrogen density n=4.25x1022’nuc1/cm3).in the tempera-
ture. region. T=25-150 K. The results™'?  are shown in figs. 2 and 3. After
fitting their data on the A__(T) and A__(T) according to the theo-
5,6,111 SR I 12
ry ! the authors™ could determine the of the weakly
bound Tevel J=v=1 in the ddy-molecule with a very high, accuracy:
£ ey =-1965.9(0.5) meV. This value is in agreement with the calculations:
£ e —-19664.3 meV' with an accuracy 1 meV. As to the value of A, . the
experimental data ®'? are smaller to 40% than it follows from calcula-
tions'™! with allowance: for the change of the du-atom spin state due to the

back decay'™ of the complex [ddw,d,2e]” which includes the ddu-system at its
" resonant formation.
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At the present conference we present the talk™ which is devoted to the

study of the process of the ddu-molecule  formation rate at a high
deuterium density (#=1) in the temperature region T=20-300 K. The main aim of
the e%périment”sl was to measure the dependence A ' (T). No spécia]vefforts
; and L Taking
the great importance of the knowledge of these values
for ‘g ‘high' deutefium densitx, where ;the théory[“ k predicts
interesting density effects, we have made an attempt to estimate the values
of L and ks/z on the basis of the data obtained in work‘“] . It s
important that in this case the problems were clarified (selection of
events, time calibration etc.) ‘which had. to be solved for the accurate
measurement of the value of A .. and A .
method is under way. The preliminary
the data'™ are presented here. .

The expérimenta] method is described in-our works . Its principal
features are the use of the gaseous deuterium target of high pressure

(1.5 Kbar)“7’ and two scintillation neutron spectrometers
1181
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were made to the values of A3/2

accurately determine
into consideration
namely

Now this experiment with improved
results obtained from the analysis of

115,161

(full absorption

detectors) . These detectors are located symmetrically around the target;
they were to detect the neutrons from the fusion reaction

. ddw *He + n + u + 2.45 MeV. 4 (1)

The main problem which we had to solve for reliable ‘detection of ‘the fast

transitions 3/2 — 1/2 (A /¢ = 30-40 ps') was suppression of the background

events arising from muon stops followed by nuclear capture in the target wall

~ material (Ni,Cr). Under our experimental conditions (the muon beam

parameters, target wall thickness) the part of muons stopped in deuterium
+to all muon stops in the target. The
powerfull .criterion for background suppression was the requirement to detect
both the neutron from reaction (1) and the electron from the .decay of the
muon. stopped in-the target - delayed n-e coincidences - in the time interval
10 s after the muon stop. An additional criterion was the limitation of
the electron detection time: t + 0.2us < t.< t + 2.2 ps, where t s the
neutron detection time.

was only a few -percent relative

been performed with 1liquid and
deuterium. The parameters of the main exposdres are presented in the table.
The exposures with helium and with an empty target were performed to
determine the neutron and electron background. For each exposure the time
distributions of the first detected neutrons were created and analysed. The
data for each neutron detector were analysed separately. The example of the

neutron time distribution obtained in the exposure with liquid deuterium is
shown in fig.4.

"~ The measurements have gaseous
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The neutron time spectra were analysed using the expression
dNn/dt = C-(& exﬁ(-ﬁ t) + As exp(-kst)) + Q (t), (2)

where C is the normalization factor; Af and A-sare the amplitudes of the
and As are the corresponding exponential
is the function of the time distribution of the background

events (the neutrons from muon capture in the target walls and random
15-9,191

fast and the slow component, Af
factors, Fb

coincidences). As it follows from papers” ,
A= BN, s FU3A B, N ) AeE Ry
A=A Hl(eto - &t-!)-/?si”\”2 » A =0.455 ps isthe muon disappearance rate,

= 0.126+0.004 ' the probability of muon sticking to helium in reac-
tion (1), £ = 0.142+0.006 -the neutron detection efficiency, £ is the partié]
probability of reaction (1). For the resonant formation (J=1) £=0.58"°2% ,
and for nonresonant formation £=0.53%" .
From the accurate consideration of the processes, shown
follows that the values of Af,

in fig.l, it
Q;, A are functions of the parameters A

t
. 19
and £. The express1ons for these funct1onsﬁ !

Mo Ry Br@ were 3szed
in the analysis. For the amplitude of the slow component we took the values
found in our work™ . To avoid the influence of the distortions in the time
distribution due to the finite time resolution of the neutron detector (10 ns)
we analysed the neutron events starting from the initial time 20-30 ns after

the zero time.

In the experimentnsé we could not ensure the time calibration with an

accuracy sufficient for the accurate determination of A3/2 . To find the
position of the zero time t for each neutron detector we have compared the
really detected
which is expected if one takes into consideration only the slow component in
time distribution (2) of the first detected neutrons. This procedure was made
for the data obtained at low temperatures (T=20,49,74 K) where the relative
part of the second detected neutrons caused by uCF from the upper du-atom
state is expected to be especially large and can achieve 100%. (When the
limitation = t*°™ - t:i"‘ > 0.2 us is used this effect:should decrease
approximate]y by a factor of two ). As this part is proportional to the value
of A A /A A o we could determine (using the value of A and A from the
fit) the va]ue of t . These values of t found for the data of three
above-mentioned exposures were averaged and then they were used in the
analysis for normalization qf the amplitude Af. .

The obtained values of A, and Ryz (normalized to the liquid hydrogen den-
sity) are presented in the table-and in figs. 2, 3.
Table.

The parameters of the experiment and the main results.

yield of the second neutrons in experiment with the y1e1d

ReTative deuferium

densit_y,<]> 1.20 0.883

Temperature, K 20.3 49 74 120 300
Ao us! 30.2+1.6 {37.6¥2.0]37.322.0}37.2%3.1 43+18
Xy us! 2.9+0.5 | 3.9%0.7| 3.5:0.6| 4.0:0.7| ——

The uncertainties in the values of A, have been -obtained from the fit. The
uncertainties 1in the values of A3R are mainly due to statistical errors in
the number of the second detected neutrons.
systematic errors caused by the method of t° determination. Therefore it is
(T) from the point of view of

For the relative dependence

Besides, there; may be some

more reliable
their relative dependence on temperature.
LY, (T) the uncertainties should be about 10%.

As seen from figs. 2, 3, there
results®'™  both for A, and for 7\32 .
with theory after the experiment with the improved

values should be accurately ‘determined. At present this exberiment is being

to consider our values of A3H

is agreement between our data and the
We intend to make the comparison
method where these

performed.
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dunvuenkos B,B., Mapuum JI, . E1-90-321
BO3MOXHOCTH 3KCIIepDUMeHTAIILHOTO UCCIIeNoBaHHusA
CIMHHOBBIX 3bdeKToB B o6pasoBaHuH AdU-—MOIIEKYIl
NpH LapleHuy neitepuss 1,5 kb6ap.
llepBble pesynbTaThl

Ha ocHoBe 3KcrnepHMeHTanbHOI'O MaTepuasna,; I[OJIYYeHHOTOo
B OIBITAX MO HCCenoBaHHI0 TeMnepaTypPHOH 3aBHCHMOCTH CKOpO-
cTy obpasoBaHusa Mojekys ddu, npoaHamHM3HpPOBaHbl BO3MOXHOCTH
pPericTpalHy npoliecca mnepexonoB Mexny YPOBHSIMH CBEPXTOH-
KOH CTPYKTYpbl dU—aTOMOB B HeMTepHH BHICOKOH MJIOTHOCTH
/XHOKOM M rasoo6pasHoM HpH gaBjeHuH 1,5 k6ap/. Haiinens
ONTHMalbHble cnocobsl 06paboTKH IKCINEePHMeHTAanbHbIX OaHHBIX,
C. HUX NOMOlLK TOJIyueHbl npeiBapuTesibHble naHHble O CKOpPOCTH
YVKa3aHHeIX [epexoiloB, a Takxe O CKopocTH oGpasoBaHus MoJsie-
Kyn ddu u3 BepxHero CnMHOBOTO COCTOsHMsA dUu—aToMa.

PaboTa BhimosiHeHa B JlaGopaTopuu sAgepHbIX npobseM OUAH .

TIpenpuaT O6beMHEHHOTO HHCTUTYTA ANEPHBIX MCcnenopauuii. Jy6ua 1990

Filchenkov V.V., Marczis L. ‘ E1-90-321
The Possibilities of the Experimental
Investigations of the Spin Effects in the
ddu-Molecule Formation at the Deuterium
Pressure 1.5 kbar. The First Results

Using the data obtained in the runs on the measurement
of the temperature dependence of the ddu-molecule forma-
tion rate the possibilities of detecting the transitions
between the hyperfine states of ddp-atoms in deuterium of
high density (liquid and gaseous at the pressure
1.5 kbar) have been analysed. The optimal methods have
been found for handling the experimental data. The preli-
minary results on the above transition rate and on the
ddy-molecule formation rate from the upper spin state of
dp-atom have been obtained.

The investigation has been performed at the Laboratory
of Nuclear Problems, JINR.
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