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Studies of nuclear polarization of hydrogen atoms embedded in solid molecular

hydrogen and hydrogen deuteride �lms.

S. Sheludiakov,∗ D.M.Lee, and V.V.Khmelenko
Institute for Quantum Science and Engineering, Department of Physics and Astronomy,

Texas A&M University, College Station, TX, 77843, USA

J.Ahokas, J. Järvinen, and S.Vasiliev
Department of Physics and Astronomy, University of Turku, 20014 Turku, Finland

(Dated: September 17, 2019)

We report on an electron-spin resonance study of nuclear polarization of hydrogen atoms embed-
ded in solid H2 and HD �lms at temperatures 0.1-1.5K and in a high magnetic �eld of 4.6T. Similar
to our previous work [Sheludiakov et al. Phys. Rev. Lett. 122, 225301 (2019)], we observed a
build-up of the spontaneously (p '0.35) and highly nuclear polarized phases (p '0.75) of H atoms
in the as-deposited H2 �lms. However, we did not obtain enhanced nuclear polarization of H atoms
in the regions of their small local concentration. We also failed to observe enhanced nuclear po-
larization for H atoms in the annealed H2 �lms as well as in the as-deposited HD sample. These
observations tend to support our previous explanation for the buildup of high nuclear polarization
due to the formation of weakly-bound triplet H2 molecules.

I. INTRODUCTION

Solid molecular hydrogen along with the helium solids
represents a special class of so-called quantum crystals.
Similar to the solid helium isotopes where He atoms re-
main essentially delocalized, light impurities, H atoms,
embedded in solid molecular hydrogen below 1K travel
through the matrix by a repetition of the exchange tun-
neling reaction H+H2 →H2+H [1]. A number of phenom-
ena related to the exchange interaction or Bose-Einstein
condensation (BEC) of H atoms in solid H2 might be ex-
pected at a high enough H atom concentration and low
temperatures. The H atom ground state population, in
contrast to He, can be probed directly from the measure-
ment of nuclear spin polarization.
A large overpopulation of the ground |a〉-state for H

atoms in a solid H2 matrix (Fig. 1a) was �rst reported
by Ahokas et al. [2] and then observed again in the
following studies [3�5] carried out in two experimental
setups located at the University of Turku and Cornell
University. Hazzard and Mueller [6] examined several
mechanisms including local Bose-Einstein condensation
of H atoms in solid H2 in order to explain the deviation
of nuclear polarization from the Boltzmann distribution.
However, neither mechanism was able to provide a full
explanation for all the observed phenomena. In our re-
cent work [7], we reported on the formation of two nuclear
polarized phases of H atoms in solid H2 characterized by
di�erent deviations of nuclear polarization, p, from the
Boltzmann statistics, where p=(na − nb)/(na+nb) with
na and nb being populations of the |a〉 and |b〉 energy
levels (Fig. 1a). The �rst phase, the spontaneously nu-
clear polarized phase (SNPP) with p '0.35 developed
spontaneously during the course of sample storage in a
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high magnetic �eld at temperatures 0.1-0.8K. The highly
nuclear polarized phase (HNPP) with p '0.75 could be
obtained at temperatures 0.1-0.55K by a consecutive ap-
plication of Dynamic Nuclear Polarization (DNP) fol-
lowed by nuclear spin-lattice relaxation. We considered
three possible mechanisms for the overpopulation of the
H atom ground state: e�ects related to statistical correla-
tions between H atoms related to BEC, nuclear magnetic
ordering, and gradual nuclear spin alignment as a re-
sult of the H atom interaction via a 3Σ+

u potential which
may lead to the formation of a weakly bound or transient
triplet H2 molecular state.
In the present work, we continued our study of the H

atom nuclear polarized phases in the same experimen-
tal condition of T=0.1-1.5K and a high magnetic �eld
B=4.6T. We examined the in�uence of H2 �lm anneal-
ing on the H atom nuclear polarization build-up and ex-
tended our study further to solid HD �lms. Similar to
the previous work, we were able to obtain both nuclear
polarized phases, the SNPP and HNPP, of H atoms in
thick as-deposited H2 �lms. However, we failed to create
a high nuclear polarization for H atoms in pure HD �lms
and in the regions of solid H2 with a small, n < 1018cm−3,
local concentration of H atoms as well as for H atoms in
annealed H2 �lms. We provide possible explanations for
these observations.

II. EXPERIMENTAL DETAILS

The experimental apparatus is based on a commercial
Oxford 200 dilution refrigerator capable of cooling the
sample cell (SC) down to T ' 0.1K. This setup was also
used previously for our experiments at Cornell University
[5]. The SC is located in the center of a 4.6T supercon-
ducting magnet and anchored to the mixing chamber of
the dilution unit. The main diagnostic tool in our ex-
periments is a cryogenic 128GHz heterodyne Electron
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Figure 1. a) H atom energy level diagram in high magnetic
�eld. The electron and nuclear spin states are labeled as
|ms,mI〉. The allowed ESR transitions are shown by solid
arrows. b) The sample cell schematic.

Spin Resonance (ESR) spectrometer with a sensitivity of
∼1010 spins [8]. The ESR resonator has an open Fabry-
Perot design which also makes it possible to arrange an
auxiliary rf resonator (HNMR) tuned to the Hab NMR
transition frequency, f=910MHz. The SC design is pre-
sented schematically in Fig. 1b.

The top mirror of the ESR resonator is made of cop-
per and has a semi-spherical shape. The bottom mir-
ror is also made of copper and covered with a '20µm
thick Mylar foil (Fig. 1b). In this work, we mainly fo-
cused on studying thick, 10-200µm, H2 and HD �lms
created by solidifying molecular hydrogen isotopes from
the liquid phase [5]. Prior to that, the H2 or HD gas was
condensed into the SC from a room temperature reser-
voir while the SC temperature was stabilized at 15-20K.
Next, the cell was slowly cooled down to T '0.5-0.7K
and a small amount, ∼1µmole, of He gas was condensed
into the SC in order to run the rf discharge in helium
vapor. The electrons created during the discharge have
energies of order 100 eV and are able to dissociate a frac-
tion of H2 and HD molecules in a rather shallow surface
layer '100 nm [9]. The discharge is stopped when the
local concentrations of H atoms in solid H2 (or H atoms
in solid HD) level o� at the value '1019cm−3. After that
we proceeded to evacuate the super�uid helium �lm from
the sample cell for about 1 day. This allowed us to cool
the SC to T '0.1K.
A special chamber, the H2 dissociator, was arranged

above the sample cell in order to provide a �ux of H
atoms in the gas phase created by running the rf dis-
charge there. The ESR lines of atomic hydrogen gas
were used as a reference for determination of the spec-
troscopic parameters of H atoms embedded in solid H2.
The local H atom concentrations were determined based
on the concentration-dependent ESR line broadening due
to dipolar interaction between the H atom electron spins
[4].

The upper energy levels, |c〉 and |d〉, in the high mag-

netic �eld of our experiments, B=4.6T, remain unoccu-
pied up to temperatures of T '1.5K. As a result, the
Had and Hbc ESR line areas are proportional to the oc-
cupations, na and nb, of two lower hyper�ne levels, |a〉
and |b〉 (Fig. 1a). This provides a simple and reliable
method for determination of the nuclear polarization,
p=(na − nb)/(na+nb).

III. EXPERIMENTAL RESULTS.

In the present work, we provide further insight into the
build-up of nuclear polarized phases of H atoms in pure
H2, the HNPP and SNPP, �rst observed in our previous
study [7] by examining the e�ect of sample annealing. In
addition, a sample of H atoms in a solid HD �lm was
studied in order to compare the nuclear polarization be-
havior to that of H atoms in pure H2 �lms.

A. H2 samples

We studied four 100µm H2 �lms prepared from the
H2 gas with a normal ortho-para content. The �rst two
samples (Samples 1 and 2) were studied as deposited,
whereas the two other samples (Samples 3 and 4) were
�rst annealed at T=4-7K for a few hours and then the
H atoms were accumulated there by running the rf dis-
charge.
The H atom ESR lines after running the discharge for

�ve days in both as-deposited and annealed samples had
a composite shape and contained two components, C1
and C2 (Fig. 2a). We also observed that restarting the
SC rf discharge for the as-deposited Sample 2 led to in-
crease of the C1 and C2 components as well as to emer-
gence of an additional narrow, 0.15G wide, component
on both ESR lines of H atoms (C3 in Fig. 2b). The C2
and C3 components correspond to the regions of high
and low local H atom concentration regions, respectively.
As a result, they appear shifted from each other due to
concentration-dependent magnetization [4]. The C3 com-
ponent had regular spectroscopic parameters correspond-
ing to trapping of H atoms in the substitutional sites of
H2 matrix at a very low concentration. All three com-
ponents observed in this sample had a Lorentzian shape
(Figs. 2 a and b). The spectroscopic parameters for all
three components of the ESR lines of H atoms observed
in the as-deposited H2 Sample 2 are collected in Table I.
The H atom nuclear polarization for the as-deposited

Samples 1 and 2, behaved identically to that described
in our previous work [7]. Right after stopping the rf dis-
charge and pumping He �lm from the sample cell, we
stabilized the SC temperature at T=0.3K in order to
monitor the spontaneous build-up of H atom nuclear po-
larization. The SNPP, p '0.37 (Fig. 3a), was built up
during sample storage for seven days and after that the
HNPP was obtained by applying a few sequences of Dy-
namic Nuclear Polarization using the Overhauser e�ect
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C1 C2 C3

A(MHz) ge Width (G) A(MHz) ge Width (G) A(MHz) ge Width (G)

H2 1417.3(1) 2.002284(5) 1.4(2) 1417.3(1) 2.002264(7) 1.5(2) 1417.3(1) 2.002284(5) 0.15(5)

HD 1417.3(1) 2.002284(5) 3.4(3) 1417.2(2) 2.002214(7) 4.3(4) - -

Table I. The spectroscopic parameters and full widths at half maximum for the C1, C2, and C3 components of ESR lines of H
atoms in pure H2 Sample 2 and the HD �lm studied in this work.
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Figure 2. (a) ESR spectra of H atoms in the as-deposited
Sample 2 recorded after �rst H atom accumulation by running
the rf discharge (b) after restarting the discharge in the SC.

followed by nuclear-spin relaxation. The Overhauser ef-
fect is based on saturation of the allowed Hbc ESR tran-
sition followed by cross-relaxation through the forbid-
den Hac transition (Fig. 1a). We call this measurement
procedure a saturation-relaxation sequence (SRS). The
asymptotic polarization, p, was obtained by extrapolat-
ing the polarization relaxation data, p(t), measured for
three days with a �tting formula p(t)=p+a·exp(−t/T1N )
where a is the free �tting parameter and T1N is the H
atom nuclear spin-lattice relaxation time (Fig. 4a).

After the SNPP in the as-deposited samples had been
established, we applied only two SRSs which increased
the asymptotic H atom nuclear polarization to p=0.53
in accordance with that described in our previous work
[7]. We present these results in Fig. 5a to compare with
those obtained for the annealed H2 and as-deposited HD
samples discussed later. The temperature dependence
of the inverse T1N times for the same as-deposited H2

sample is presented in Fig. 5b.

The nuclear spin-lattice relaxation time, T1N , for C3,
∼103s, was nearly two orders of magnitude shorter than
that for the main ESR line which was a sum of C1 and C2
components (Fig. 4b). In contrast to the main ESR line,
the C3 component did not exhibit any deviation from
the Boltzmann statistics in the temperature range 0.1-
1K within the line �tting accuracy. Unlike C1 and C2,
the C3 component was also very stable at high temper-
atures and did not change after raising the SC tempera-
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Figure 3. (a) Spontaneous build-up of nuclear polarization of
H atoms in the as-deposited H2 Sample 1 at T=0.3K (open
blue circles), in the annealed Sample 3 (�lled green squares)
at T=0.3K and (b) in HD (�lled red circles) at T=0.15K.
The values of nuclear polarization at T=0.3K (p=0.07) and
T=0.15K (p=0.15) are shown only for comparison by solid
magenta lines in (a) and (b), respectively. The solid blue,
green, and red lines were obtained by �tting the experimental
data by the formula p(t) = p+ a · exp(t/T1N ).

Figure 4. (a) Relaxation of H atom nuclear polarization after
applying the Overhauser e�ect DNP in as-deposited H2 sam-
ple 1 (open blue circles) and HD sample (red circles) mea-
sured at T=0.8K. H atom nuclear polarization at T=0.8K
according to Boltzmann statistics is shown by a solid ma-
genta line. Note the large di�erence in the T1N times for H2

and HD samples. (b) Amplitude of the Hbc-line C3 compo-
nent after applying the Overhauser e�ect DNP measured in
as-deposited H2 Sample 2 at T=0.9K. The solid blue and
red lines were obtained by �tting the experimental data by
the formula p(t) = p + a · exp(t/T1N ). The dark cyan line
was obtained by �tting the experimental data by the formula
A(t) = A + a · exp(t/T1N ) where A is the Hbc ESR line am-
plitude.
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Figure 5. (a) Asymptotic nuclear polarization of H atoms
obtained by SRSs presented as a function of temperature in
the annealed H2 Sample 4 (green squares) and as-deposited
HD �lm (�lled red circles) both studied in this work. Nuclear
polarization in the as-deposited H2 �lm measured by apply-
ing the SRSs measured in our previous work [7] is shown by
open blue circles for the sake of comparison. Boltzmann po-
larization is shown by a solid magenta line. (b) Dependence
of the inverse T1N time of H atoms on temperature for the
as-deposited H2 sample measured in previous work (open blue
circles) and H atoms in the HD �lm (�lled red circles).

ture from 0.15 to about 1.5K. These observations led us
to the conclusion that the C3 component corresponds to
H atoms trapped in the region of H2 �lm with a low con-
centration, deeper in the H2 �lm as compared with those
residing closer to the �lm surface and corresponding to
the Components C1 and C2.
At the next stage, we studied two samples (Samples 3

and 4) where the H2 �lms were annealed prior to accu-
mulating H atoms there. After Sample 3 was annealed
at T=4K for several hours, the SC was cooled down to
T '0.7K and the H atoms in the H2 �lm were accu-
mulated to the concentration 7×1018cm−3. When the
helium �lm had been evacuated from the SC, we stabi-
lized the SC temperature at T=0.3K. The spontaneous
nuclear polarization build-up during storage of Sample
3 is presented in Fig. 3a by green squares. The nuclear
polarization leveled o� at p=0.12 after about 3 days of
storage. Therefore, we were unable to reach the SNPP
with p=0.37 in this annealed sample.
For Sample 4, which was annealed at 5-7K, we did not

try to build up spontaneous polarization since we failed
to obtain it in Sample 3, but started applying the SRSs in
order to reach the highest possible stationary polarization
right after stopping the rf discharge and evacuating the
helium �lm from the SC. The H atom concentration in
this sample after cooling the sample cell to T=0.15K was
3×1018cm−3. We emphasize that we observed the high
nuclear polarization in the as-deposited H2 samples with
such a H atom concentration in our previous work [7]
as well as in the pioneering work [2] where the H atom
ground state overpopulation was reported for the �rst
time.
We measured asymptotic nuclear polarization for Sam-

Figure 6. a) The ESR spectra of H atoms in HD �lm.

ple 4 by applying the SRSs at several temperatures
starting from T=0.15K and then gradually ascending
to T=0.8K as presented in Fig. 5a by green squares.
The asymptotic nuclear polarization reached p=0.35(7)
at T=0.3K after application of ten SRSs during ten days.
We thus failed to reach the HNPP in this sample even
after multiple SRSs as presented in Fig. 5a.

B. H atoms in solid HD matrix

In our previous study [7], we suggested that the mobil-
ity of H atoms in the solid H2 matrix may have a drastic
e�ect on the H atom nuclear polarization build-up. In
the present work, we studied H atoms inside a HD ma-
trix where the H atom di�usion due to the tunneling reac-
tion H+HD→HD+H is two orders of magnitude slower as
compared with that in solid H2 [10]. The nuclear mag-
netic moments of HD molecules stimulate nuclear spin
relaxation of H atoms which takes place faster than in a
pure para-H2 matrix. The HD �lm was 200µm thick and
the H atoms were accumulated there to a concentration
of '1.5×1019cm−3 by running the rf discharge for seven
days. The D atom concentration was an order of magni-
tude smaller and their ESR lines disappeared due to the
exchange reaction D+HD→D2+H [11] in 2-3 hours after
stopping the rf discharge. The ESR lines of H atoms in
the HD �lm consisted of two components, C1 and C2 with
the widths of 3.4(3) and 4.3(4)G, respectively, which are
much broader than those in the H2 matrix (1.4 and 1.5G,
respectively) due to the dipolar interaction with the mag-
netic moments of host HD molecules (Figs. 6a and 2b).
The C2 component had a somewhat smaller electronic
g-factor as compared with that of C1. The hyper�ne
constants of both components matched within the esti-
mated error de�ned by the uncertainty in their relative
positions. The spectroscopic parameters and widths for
the C1 and C2 components of the ESR lines of H atoms
in the HD sample are presented in Table I.
After stopping the discharge in the SC, we proceeded to

evacuate the helium �lm from the sample cell which took
about 1 day. The sample cell temperature during this
period of time was stabilized at T=0.5K. After that, we
stabilized the SC temperature at 0.15K in order to mon-
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itor evolution of the H atom nuclear polarization. The
H atom recombination in the solid HD �lm in the course
of pumping He was rather slow. Only 10% of H atoms
in solid HD recombined as compared with 20-25% of H
atoms recombining in the pure as-deposited H2 �lm being
stored at the same temperature and having the same ini-
tial concentrations [7]. The ESR lines of H atoms in solid
HD had a composite shape which did not change during
sample storage. In contrast to the pure as-deposited H2

samples 1 and 2 discussed earlier, we did not observe
the SNPP formation over the time period of seven days
at T=0.15K. The H atom nuclear polarization leveled
o� at p=0.12, close to the Boltzmann value at this tem-
perature, p=0.15 (Fig. 3b). At the next stage, we used
the SRSs in order to obtain the highest possible station-
ary polarization in this sample in the temperature range
0.15-0.8K. The asymptotic nuclear polarization reached
p=0.28(5) after the �rst SRS and did not evolve even
after application of four SRSs.
Finally, we studied the asymptotic nuclear polariza-

tion of H atoms in the HD �lms as a function of tem-
perature. The asymptotic nuclear polarization for each
temperature point was acquired using the SRSs with the
nuclear polarization relaxation measured for three days
at T=0.15, 0.3, 0.4 and 0.6K, and two days at T=0.8K.
The asymptotic nuclear polarization of H atoms in the
HD matrix as a function of temperature is presented
in Fig. 5a by red circles. The experimental points did
not form a plateau similar to those measured in the as-
deposited solid H2 �lm reported in our previous work [7].
The T1N times depended exponentially on temperature
(Fig. 5b) unlike those for H atoms in solid H2 �lms where
the T1N times were nearly independent of temperature
at T <1K [7, 12].

IV. DISCUSSION AND CONCLUSIONS

In this work, we performed the experimental studies of
nuclear spin polarization of H atoms stabilized in solid
H2 and HD matrices. We did not observe any sponta-
neous H atom nuclear polarization build-up in the an-
nealed H2 samples, while only a modest deviation from
the Boltzmann statistics (p=0.3 instead of pB =0.15) was
observed even after applying a series of SRSs. This dras-
tically di�ers from the as-deposited H2 �lms where the
values of p '0.35 and p '0.75 for the SNPP and HNPP,
respectively, were observed [7].
The H atom nuclear polarization obtained in the HD

sample after the use of SRSs did not form a plateau but
had a clear temperature dependence. This can be at-
tributed to a strong dependence of the T1N times of H
atoms in solid HD on temperature. This supports our
conclusion that the H atom nuclear polarization mea-
sured in the experiments is determined by the competi-
tion of two factors: the polarization build-up mechanism
and nuclear spin-lattice relaxation which tends to restore
the Boltzmann occupation of energy levels (Fig 1a) and

suppress the gradual nuclear polarization build-up.

The suppression of a high nuclear polarization of H
atoms in the annealed H2 samples requires further un-
derstanding. In our previous work, we suggested that
the gradual nuclear polarization build-up might possi-
bly be related to the mutual interaction of H atoms via
the 3Σ+

u potential in the condition of high magnetic �eld
and low temperatures when the H atom electron spins
are completely polarized. This potential has a very shal-
low minimum (ε=6.46K) with no bound state for free H
atoms in the gas phase [13]. The minimum of the po-
tential becomes deeper in a magnetic �eld (ε '13K for
B=4.6T [13, 14]) and it might be suggested that a bound
triplet H2 molecular state exists in the solid H2 matrix.
The symmetry of molecular wavefunction for the ground
rotational state of such triplet H2 molecules requires both
electron and nuclear spin to be aligned [15]. Formation
of the Ha-Ha pairs (Ha is an atom in the |a〉 state), in
this case, is energetically more favorable and the nuclear
spins of Hb atoms (Hb is an atom in the |b〉 state) can
be preferentially �ipped when the Ha and Hb atoms ap-
proach each other and the weakly bound 3Σ+

u molecule is
formed. The nuclear spin can be reversed even without
forming a bound molecular state if the H-H atom interac-
tion via the 3Σ+

u potential is strong enough to trigger the
nuclear spin �ip. After formation of this weakly bound
triplet molecule, it can be dissociated back into two H
atoms by the zero-point �uctuations or phonons. Atoms
after dissociation of triplet molecules should be in the
|a〉 state because they can still possess their nuclear spin
alignment due to very long T1N times, thus contributing
to the nuclear polarization build-up observed experimen-
tally.

One of the possibilities would be that the interaction
via the triplet potential is most e�cient in the presence of
lattice defects. The H atom di�usion towards the H2 lat-
tice imperfections such as vacancies or dislocations is less
favorable due to the tunneling energy level mismatch they
impose [16, 17]. The H atoms should, therefore, prefer-
entially di�use within the regions where the H2 lattice is
regular [18]. The lattice imperfections decrease the ef-
fective volume available to the H atoms and increase the
probability for them to interact via the 3Σ+

u potential.
The scarcity of lattice defects in the annealed samples
may lead to the less e�cient polarization build-up which
can be compensated by nuclear spin-lattice relaxation.

One of the intriguing property of the as-deposited sam-
ples is the memory e�ect observed in our previous study
[7]. The memory e�ect implied a recovery of the H atom
nuclear polarization after saturating the Hab NMR tran-
sition and equalizing the |a〉 and |b〉 level populations
once either the HNPP or SNPP was formed. The char-
acteristic time T1N for such a polarization recovery was

shorter than the one required to initially build either nu-
clear polarized phase. This di�erence in the characteris-
tic times may indicate that the hydrogen atoms migrate
and aggregate into speci�c spatial relative positions, for
example, close to the H2 �lm surface. The exact nature
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of such a re-arrangement is not yet known and requires
further investigation for which better spatial resolution
is required.
The di�erent behavior of H atom nuclear polarization

in the as-deposited and annealed H2 �lms as well as for
Components 1 and 3 of the as-deposited Sample 2 created
from normal H2 supports our conclusion that ortho-para
conversion is unlikely to in�uence the H atom nuclear
polarization in our samples.
In our previous work, we suggested that the H atom

mobility is important for the build-up of high nuclear po-
larization. In the present work, we did not observe the
formation of either polarized phases of H atoms in the
HD sample. The H atom di�usion in solid HD takes place
through the exchange tunneling reaction H+HD→D2+H
[1] in analogy to the H atom di�usion in solid H2. The
rate of the former reaction is about two orders of magni-
tude smaller than that of the H+H2 reaction [10]. The
H atom nuclear polarization stimulated by the SRSs in
the HD sample, p '0.3, was much lower than that ob-
served for the HNPP in the pure as-deposited H2 �lms,
p '0.75, studied in this work and reported previously [7].
It is possible that nuclear spin �ips for H atoms in solid
HD due to the H-H interaction via the 3Σ+

u potential be-
come much less frequent due to their inferior mobility in
the HD matrix as compared with that in the H2 �lms. In
this case, the rate of such spin �ips which may take place
after two H atoms approach one another is insu�cient to
compete with the nuclear spin-lattice relaxation.
Another new observation is the appearance of the nar-

row C3 component in the ESR spectra of H atoms in the
H2 �lm. Based on its small linewidth and stability at el-
evated temperatures, we suggest that the H atoms which
correspond to C3 may be trapped deep in the bulk of H2

�lm. A similar component with a width of about 0.3G
was reported previously [5]. The observed linewidth for
C3 is smaller than those reported in all previous studies
of H atoms in solid H2 �lms at temperatures below 1K
and comparable to those, ' 0.1G, observed at T ≥ 4.2K
by Kumada et al. [19] and Iskovskikh et al. [20] for
H atoms in solid H2 and Dmitriev [21] for D atoms in
solid D2. The observed T1N time for this component was
nearly two orders of magnitude shorter than those of C1
and C2. Based on the C3 width, 0.15G, we estimate the
upper limit for the concentration of H atoms forming it
as 1018cm−3. In contrast to C1, the C3 component fol-
lowed the Boltzmann statistics for the temperature range
studied in this work (T=0.1-1K).
It is possible that the absence of a high nuclear po-

larization for the narrow C3 component observed in this
work may be a result of a too small H atom concen-
tration. In this case, the mean free path for the H
atoms to approach one another in order to interact via
the 3Σ+

u potential and experience the nuclear spin �ip is

much greater than that for the H atoms in more concen-
trated regions corresponding to C1. They are far away
from each other and their interaction through the triplet
molecular potential is negligible. Therefore, the polariza-
tion build-up for the C3 component is much less e�cient
and can be compensated by the process of nuclear spin-
lattice relaxation. Based on the unusually small width of
C3, we may also suggest that these H atoms are trapped
deep in the �lm where the H2 lattice is highly regular.
In this case, the nuclear polarization buildup might be
further suppressed due to the absence of lattice defects
similar to that observed in the annealed samples. This
may cause the nuclear polarization for the C3 H atoms
to obey the Boltzmann statistics.
To summarize, in this work we reported on the results

of studying the nuclear polarization of H atoms in solid
as-deposited and annealed H2 as well as as-deposited HD
matrices. We did not observe enhanced spontaneous nu-
clear polarization of H atoms in solid HD and annealed
H2 samples. The absence of nuclear polarization for the
narrow C3 component may be a result of a very small
concentration of H atoms in this region of the H2 �lm.
This may also lead to a large mean free path for H atoms
in solid H2 before they encounter another H atom and
interact with it via the 3Σ+

u potential leading to a spin re-
versal. These observations may serve as indirect evidence
for the enhanced nuclear polarization build-up process
through the interaction of H atoms via the3Σ+

u poten-
tial.
Reminiscences from S. Vasiliev: I've �rst time got ac-

quainted with Mikhail Strzhemechny in 1985 being a
graduate student of Moscow Physical Technical Insti-
tute. At that time I was making my MSci diploma at
Kurchatov Institute for Atomic Energy in the Labora-
tory of Gamma-Resonance Spectroscopy headed by Igor
Ivanovich Lukashevich (sadly, Igor passed away in 2008).
The main subject of our research was quantum di�usion
of atomic hydrogen in solid molecular crystals of hydro-
gen and its isotopes. We were inspired in this work by
the results obtained in Kharkov on the quantum di�u-
sion of 3He in solid 4He [22]. Mikhail was the member
of the Kharkov team with the major contribution to the
theory of this phenomena. We have met several times
at Low Temperature and Cryocrystals conferences and
discussions with him had a serious impact on our work.
In the beginning of 2000s, we renewed studies of H in H2

crystals in Turku and Cornell University (later moved to
Texas A&M University) together with the group of David
Lee and Vladimir Khmelenko, which are actively pursued
by both groups at present. We are glad to present in this
manuscript new results of our research in this �eld. To-
gether with my colleagues at Turku and Texas I congrat-
ulate Mikhail on his jubilee and wish him further success
in research work.
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