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Superfluid 3He in planar aerogel
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We report results of experiments with liquid 3He confined in a high-porosity anisotropic nanostructure which
we call planar aerogel. This aerogel consists of nanofibers (with diameters ∼10 nm) which are randomly
oriented in the plane normal to the specific axis. We used two samples of planar aerogel prepared using different
techniques. We have found that on cooling from the normal phase of 3He the superfluid transition in both samples
occurs into an equal spin pairing superfluid phase. NMR properties of this phase qualitatively agree with the
properties of the superfluid A phase in the anisotropic Larkin-Imry-Ma state. We have observed differences
between results obtained in the presence and absence of solid paramagnetic 3He on the aerogel strands. We
propose that these differences may be due, at least in part, to a magnetic scattering channel, which appears in the
presence of solid paramagnetic 3He.
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I. INTRODUCTION

Liquid 3He at ultralow temperatures is an ideal model
object for studies of influence of impurities on unconventional
superfluidity and superconductivity with p-wave, spin-triplet
pairing: Its Fermi surface is an ideal sphere, its superfluid
phases (A, A1 and B) are well studied, and the superfluid
coherence length ξ0 can be varied in range of 20-80 nm by
changing pressure [1]. Superfluid 3He is intrinsically pure
but impurities can be introduced into it as a high-porosity
nanostructures like aerogels. Superfluidity of 3He in aerogels
was observed, for the first time, in silica aerogel with porosity
of 98% [2,3] which is a fractal structure consisting of SiO2

strands with diameters of ≈3 nm and an average separa-
tion of ∼100 nm. In silica aerogels the superfluid transition
temperature of 3He (Tca) is significantly lower than that in
bulk 3He (Tc) and the observed A-like and B-like superfluid
phases have the same order parameters as A and B phases
correspondingly [4–14]. It has also been found that the weak
global anisotropy of silica aerogels plays an important role in
the stability of the observed phases [15,16]. This anisotropy is
created either by a deformation of initially isotropic samples,
or during the growth of the aerogel, and results in anisotropy
of the mean free path of the 3He quasiparticles.

The other class of aerogel-like materials called nematic
aerogels [17] exhibits the highest possible degree of the
anisotropy [18,19]: Strands of such aerogels are nearly paral-
lel to one another that corresponds to infinite stretching of ini-
tially globally isotropic structure consisting of randomly ori-
ented straight strands. In the presence of these highly ordered
strands, new superfluid phases of 3He are realized—polar,
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polar-distorted A, and polar-distorted B phases [20–23]—as
it is expected from theoretical works [24–27]. It has been
found that the boundary conditions for scattering of 3He
quasiparticles on strands of nematic aerogel are extremely
important [28]. In pure 3He, the strands are covered with ∼2
atomic layers of paramagnetic solid 3He [29–32]. In this case,
the scattering is expected to be nearly diffusive and spin is not
conserved during scattering due to a fast exchange between
atoms of liquid and solid 3He resulting in a magnetic scatter-
ing channel [33–35]. Adding a small amount of 4He to the cell
replaces solid 3He on the strands and changes the boundary
conditions: Firstly, it excludes the magnetic channel; sec-
ondly, the scattering remains diffusive only at P � 25 bar,
while at low pressures it should be specular or partly spec-
ular [30,36,37]. In experiments described in Ref. [28] the su-
perfluid transition temperature was significantly lower in pure
3He than in the case of 4He preplating and the polar phase was
observed only in the absence of paramagnetic solid 3He on
the strands. This may indicate the importance of the magnetic
channel, the influence of which on polar and polar-distorted
states has been considered in theoretical works [38,39].

A noticeable influence of the boundary condition on su-
perfluid states of 3He has recently been observed also in
silica aerogel with fairly strong anisotropy which has the
same orienting effect on the order parameter as the nematic
aerogel [40]. At the same time, experiments in 3He in isotropic
or weakly anisotropic silica aerogels show no significant in-
fluence of the boundary conditions on the superfluid phase
diagram. In particular, the observed superfluid phases corre-
spond to the A and B phases of bulk 3He, regardless of the
presence or absence of 4He and only a small change in Tca

was detected at low pressures presumably due to change of the
scattering specularity [41–43]. The above-mentioned observa-
tions raise the question of how the influence of the boundary
conditions on superfluid states depends on the anisotropy of
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the aerogel. To answer this question, we have carried out
experiments in 3He in a new aerogel-like material which we
call a planar aerogel. It consists of the strands uniformly
distributed in a plane perpendicular to the specific axis z—the
case opposite to nematic aerogel.

II. THEORETICAL PREDICTIONS

According to Volovik’s model [44] the planar aerogel
corresponds to an infinite uniaxial squeezing of an initially
isotropic aerogel considered as a system of randomly oriented
cylindrical strands. In this case, the A phase having the order
parameter

Aνk = �0dν (mk + ink ), (1)

is expected to emerge [24,44]. Here, d ⊥ H is the unit spin
vector characterizing nematic ordering in the spin subsystem,
H is the external steady magnetic field, m and n are mutually
orthogonal unit orbital vectors representing the ferromagnetic
ordering in the orbital subsystem, and �0 is the superfluid
gap parameter. A random force induced by aerogel strands
may destroy the long-range order in the orbital space forming
the Larkin-Imry-Ma (LIM) state of orbital vector � = m × n
which remains spatially inhomogeneous only at distances of
ξLIM which for silica aerogels is �1 μm [8,12,44]. In an
isotropic aerogel, � is random at longer distances forming the
isotropic LIM state. The uniaxial squeezing along z should
modify the chaotic spatial distribution of � and make the LIM
state anisotropic:

〈�〉 = 0,
〈
�2

z

〉 = 1 + 2q

3
,

〈
�2

x

〉 = 〈
�2

y

〉 = 1 − q

3
, (2)

where 〈·〉 is the space average, 1 > q > 0 is the parameter of
anisotropy (q = 0 in isotropic aerogel). For deformations of
aerogel greater than some critical value the uniform distribu-
tion of � (q = 1) with � fixed along z is expected to be more
favorable [44].

Vector d can be either spatially uniform (spin nematic,
SN, state), formed under cooling through Tca with low (or
zero) resonant NMR excitation, or randomized in the plane
perpendicular to H (spin glass, SG, state), obtained by cooling
through Tca with a sufficiently large resonant NMR exci-
tation [8]. The SN state corresponds to a global energy
minimum, while the SG state is metastable.

In NMR experiments, the magnetization is homogeneous
at distances of a dipole length ξD ∼ 10 μm. If ξLIM � ξD then
a separate resonance line is observed and an identification of
superfluid phases of 3He in aerogel can be made by measure-
ments of the NMR frequency shift (�ω) from the Larmor
value (ωL), which for the A phase in the LIM state is

2ωL�ω = q�2
A

(
− cos β + sin2 μ

7 cos β + 1

4

)
(3)

for the SN state and

2ωL�ω = q�2
A cos β

(
3
2 sin2 μ − 1

)
(4)

for the SG state [8]. Here, �A = �A(T, P) ∝ �0 is the
Leggett frequency, β is the tipping angle of magnetization M,
μ is the tilt angle of H from z axis (Fig. 1). Equations (3)
and (4) with q = 1 are also applicable for the state with

FIG. 1. Orientation of H with respect to the sample of planar
aerogel. The aerogel strands are perpendicular to z.

uniform �. In linear continuous wave (cw) NMR cos β ≈ 1,
so

2ωL�ω = q�2
A(2 sin2 μ − 1) (5)

for the SN state and

2ωL�ω = q�2
A

(
3
2 sin2 μ − 1

)
(6)

for the SG state.
Due to suppression of the superfluid transition temperature

in aerogel (δTca = Tc − Tca > 0), �A is smaller than �A0,
the Leggett frequency of the A phase in bulk 3He which is
measured, e.g., in Refs. [45,46]. This can be explained by scat-
tering models which describe impurity effects on superfluid
3He in globally isotropic aerogel [47,48]. One of them, the
so-called homogeneous isotropic scattering model (HISM),
suggests that the suppression of the order parameter (the gap
or the Leggett frequency) scales to the transition temperature:

�A(τ ) = Tca

Tc
�A0(τ ), (7)

where τ is the temperature normalized to corresponding su-
perfluid transition temperatures. Experiments in 3He in silica
aerogel show that the observed suppression is greater [49].
These results are explained by the inhomogeneous isotropic
scattering model (IISM), which includes specific aerogel pa-
rameters. Both HISM and IISM models are not applicable for
planar aerogels, but for lack of the adequate theory we are
forced to use Eq. (7) in order to estimate �A which should not
lead to a big error under condition δTca � Tc.

The A phase belongs to the class of equal spin pairing
(ESP) phases whose susceptibilities equal the normal phase
value. In the B phase, the susceptibility is lower, making it
simple to distinguish between these two groups of phases.
According to Ref. [24], in the case of a planar aerogel the
superfluid transition into the A phase is expected at all pres-
sures and then, on further cooling, into the B phase. In this
paper, properties of the B phase are not studied in detail, and
we focus on investigation of ESP phases in planar aerogels.

III. SAMPLES AND METHODS

We have used two samples of planar aerogel prepared by
different techniques.

The first sample was produced from an aluminum silicate
(mullite) nematic aerogel consisting of strands with diameter
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FIG. 2. Scanning electron microscope images of the free surface
of mullite (a) and nylon (b) planar aerogel samples.

of ∼10 nm [Fig. 2(a)]. It is a fibrous network in the plane
with porosity 88%, overall density 350 mg/cm3, and with
characteristic lengths of separate strands of ∼1 μm. Spin dif-
fusion measurements at 2.9 bar in normal 3He confined by this
sample in presence of 4He on the strands confirm its strong
anisotropy: The ratio of spin diffusion coefficients parallel and
perpendicular to the specific plane of planar aerogel in the
zero temperature limit was found to be 1.64, which is close
to the theoretically predicted value of 1.97 [50]. Effective
mean free paths of 3He quasiparticles along and normal to
the plane of the aerogel are found to be 116 and 71 nm. The
particular sample used here was a stack of three plates each
with thickness of 1 mm and sizes 4 × 4 mm.

The second sample of planar aerogel was made from a
so-called free-standing nanomat (nanofilter) of nylon as a
sandwich of 1000 layers with overall thickness of ≈150 μm
and sizes ≈4 × 4 mm. Synthesis of such nanofilters is based
on electrospinning technique and described in Ref. [51]. This
aerogel mostly consists of very long strands with diameters
10–20 nm almost parallel to the specific plane [Fig. 2(b)],
however, it includes thick strands and macroscopic droplets
of nylon (both with diameter �100 nm) which do not act
as impurities in superfluid 3He, but increase the durability
of this nanofilter. The presence of these macroscopic objects
in the planar aerogel complicates direct measurements of its
“effective” density and porosity. According to our estimations,
the porosity of the sample is at least 99%.

Samples of mullite and nylon aerogels were placed freely
in the separate cells of our experimental chamber with
corresponding filling factors of ∼85% and ∼60%. The experi-
mental chamber was made from Stycast-1266 epoxy resin and
was similar to that described in Ref. [21].

Experiments were carried out using linear continuous wave
and pulsed NMR in magnetic fields 3.2–57.9 mT (corre-
sponding NMR frequencies are 104–1877 kHz) at pressures
2.9–29.3 bar. In cw NMR experiments, the observed NMR
lines from superfluid 3He in aerogel and from bulk superfluid
3He had distinct frequency shifts and were easily distinguish-
able. We were able to rotate H by any predefined angle μ.
Additional gradient coils were used to compensate the mag-
netic field inhomogeneity. The necessary temperatures were
obtained by a nuclear demagnetization cryostat and mea-
sured by a quartz tuning fork [52]. Below Tc the fork was
calibrated by Leggett frequency measurements in bulk B

phase of superfluid 3He. In presence of the bulk A phase, the
temperature was determined from the NMR shift of the bulk
signal.

In our experiments, we either used pure 3He or had 4He
coverage on the aerogel strands. In the first case, we observed
a strong paramagnetic NMR signal at low temperatures, indi-
cating the presence of solid paramagnetic 3He on the strands.
In experiments with 4He coverage, we added 1.55 mmole of
4He into the empty experimental chamber at T � 100 mK and
then filled it with 3He. This amount of 4He was found to be
sufficient to avoid the solid 3He on the strands at all pressures.
According to our estimations, based on the total surface area
inside the experimental chamber (30–40 m2 [28]), this amount
corresponds to 2.5–3.2 atomic layers of 4He.

When solid 3He covers the aerogel strands, a single NMR
resonance is observed, as the NMR frequency becomes a
weighted average of NMR frequencies of liquid and solid 3He
due to the fast exchange mechanism [32,53]. The magnetiza-
tion of paramagnetic 3He follows the Curie-Weiss law, and
at T ∼ Tc its magnetization (Ms) may exceed that of liquid
3He (Ml ), affecting measurements of the NMR frequency shift
(�ω) in liquid 3He. Moreover, due to the global anisotropy of
planar aerogel the frequency shift in solid 3He (�ωs) due to
demagnetizing field may become significant [54]. Fortunately,
the shift in superfluid 3He is inversely proportional to H
while �ωs ∝ H . Therefore, in experiments with pure 3He, we
mostly used relatively low magnetic fields, where �ωs can
be neglected. Correspondingly, in order to obtain “real” value
of �ω, we recalculated the measured frequency shift (�ω′)
using the following equation:

�ω ≈ �ω′
(

1 + Ms

Ml

)
, (8)

where Ms/Ml was determined from measurements of tem-
perature dependence of the intensity of cw NMR absorption
line.

IV. RESULTS WITH MULLITE SAMPLE

On cooling from the normal phase of 3He in mullite planar
aerogel we observe the superfluid transition accompanied by
an appearance of nonzero �ω. The transition occurs to the
ESP phase, because the magnetic susceptibility of this phase
equals the normal phase value and does not depend on T .
We assume that the observed ESP phase is the A phase in
the anisotropic 3D LIM state with the average orientation
of the vector � along z. In Fig. 3, we show temperature de-
pendencies of cw NMR frequency shifts measured with 4He
coverage at two orientations of H (�ω‖ at μ = 0 and �ω⊥
at μ = π/2). Open symbols correspond to cooling through
Tca with low NMR excitation (the SN state is expected to
form), while filled symbols represent measurements obtained
after cooling through Tca with high NMR excitation (the SG
state is expected). It is seen that the temperature width of
the superfluid transition is rather large (∼0.03 Tc). We think
that this is due to local inhomogeneities of the sample with
a characteristic length less than ξD. The superfluid transition
in 3He inside regions with higher porosity occurs at higher
temperatures than in the main part of the sample and at

144507-3



V. V. DMITRIEV et al. PHYSICAL REVIEW B 102, 144507 (2020)

FIG. 3. Cw NMR frequency shifts versus temperature in 3He in
mullite planar aerogel in parallel (�ω‖, circles) and in transverse
(�ω⊥, triangles) magnetic fields in SN (open symbols) and SG
(filled symbols) states for the case of 4He coverage. Solid and dotted
lines are theoretical predictions according to Eqs. (5) and (6) with
q = 0.6, where �A is calculated from Eq. (7) using the known tem-
perature dependence of �A0 with Tca = 0.927 Tc. Triangles and filled
circles: ωL/(2π ) = 453 kHz. Open circles: ωL/(2π ) = 1303 kHz.
P = 29.3 bar. The x-axis represents the temperature normalized to
the superfluid transition temperature of bulk 3He (Tc). Note that the
left and right y axes have opposite signs, allowing the absolute values
of �ω‖ and �ω⊥ to be compared.

T = T ∗
ca a small NMR frequency shift appears which does not

follow Eq. (7). In order to compare the results with theoretical
expectations, we fit the data with Eqs. (5), (6), and (7) only
well below T ∗

ca (at T < 0.9 T ∗
ca) using Tca and q as fitting

parameters. By doing this we obtain good agreement with the
theory: (i) �ω(τ ) ∝ �2

A0(τ ). (ii) In case of cooling through
Tca with low excitation we actually get the SN state and
�ω‖ = −�ω⊥ < 0 as it follows from Eq. (5). (iii) In case
of cooling through Tca with high excitation, we get the SG
state with �ω‖(SG) = �ω‖(SN ) and �ω⊥(SG) ≈ −0.5�ω‖(SN )

in accordance with Eqs. (5) and (6). (iv) Results of pulsed
NMR experiments are well described by Eq. (3) (see Fig. 4).

In pure 3He, the width of the superfluid transition is
larger than in the case of 4He coverage (Fig. 5) but the
low-temperature data also agree with the assumption that we
obtain the A phase in the anisotropic LIM state with the aver-
age orientation of the vector � along z: In the SN state �ω‖ =
−�ω⊥ < 0 (open circles and open triangles) and in the SG
state �ω⊥ ≈ −0.5�ω‖ (filled circles and filled triangles) as
follows from Eqs. (5) and (6). The discrepancy with the theory
is that absolute values of �ω in the SG states are ≈30%
smaller than is expected from the data in the corresponding
SN states [according to Eqs. (5) and (6) open and filled circles
in Fig. 5 should coincide]. The reason for this is not clear, and
we can only assume that it is due to an orientational effect of
magnetic boundary conditions on vectors d suggested in [35].
We also note that in pure 3He, in contrast to the case of 4He
coverage, the SG states are not stable at Tca � T < T ∗

ca where
they are transformed into the SN states, which is confirmed

FIG. 4. Pulsed NMR frequency shifts vs β in 3He in mullite
planar aerogel for the case of 4He coverage in parallel (μ = 0, T =
0.88Tc, circles) and in transverse (μ = π/2, T = 0.86Tc, triangles)
magnetic fields in SN (open symbols) and SG (filled symbols) states.
ωL/(2π ) = 453 kHz. Solid lines correspond to Eqs. (3) and (4) with
q�2

A obtained from cw NMR measurements. P = 29.3 bar.

by measurements of the cw NMR shift in the case of cooling
back to low temperatures.

From data shown in Figs. 3 and 5, we obtain that for
4He coverage q = 0.6, Tca = 0.927 Tc, and T ∗

ca ≈ 0.96 Tc,
while in the case of pure 3He q = 0.287, Tca = 0.88 Tc, and
T ∗

ca ≈ 0.95 Tc. Thus the 4He coverage increases q, Tca and T ∗
ca.

Similar behavior was observed at all experimental pressures.
At P = 29.3 bar, the difference in T ∗

ca between cases of 4He
coverage and pure 3He is very small, but at lower pressures
the increase of T ∗

ca in presence of 4He is clearly observable
(see Figs. 6 and 7).

FIG. 5. Cw NMR frequency shifts vs temperature in pure 3He
in mullite planar aerogel in parallel (�ω‖, circles) and in transverse
(�ω⊥, triangles) magnetic fields in SN (open symbols) and SG (filled
symbols) states. Solid line is the theoretical prediction for SN states
according to Eqs. (5) and (7) with q = 0.287 and Tca = 0.88 Tc.
ωL/(2π ) = 242 kHz. P = 29.3 bar.
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FIG. 6. Cw NMR frequency shifts vs temperature in 3He con-
fined by mullite planar aerogel in parallel (�ω‖, circles) and
in transverse (�ω⊥, triangles) magnetic fields in SN states for
4He coverage (ωL/(2π ) = 453 kHz, filled triangles) and pure 3He
(ωL/(2π ) = 104 kHz, open symbols). Lines are theoretical predic-
tions according to Eqs. (5) and (7) with Tca = 0.80 Tc, q = 0.46
(solid line) and Tca = 0.70 Tc, q = 0.19 (dashed line). (Inset) Tem-
perature dependencies of the full width at half maximum (FWHM,
squares) of cw NMR absorption line and spin susceptibility normal-
ized to the normal state value in 3He (crosses) corresponding to the
filled triangles in the main graph. P = 7.1 bar.

V. RESULTS WITH NYLON SAMPLE

At all experimental pressures, upon cooling from the nor-
mal phase of 3He in nylon planar aerogel the superfluid
transition occurs also into the ESP phase. The temperature
width of the superfluid transition was found to be very small
(∼0.001 Tc), so for the nylon sample Tca ≈ T ∗

ca. In Figs. 8
and 9, we show results of cw NMR experiments at P =
29.3 bar for 4He coverage and pure 3He respectively. The
spin dynamics in the ESP phase is, again, well described by
Eqs. (5) and (6) for the A phase having the vector � mostly

FIG. 7. Phase diagram of 3He in mullite planar aerogel. Circles
mark Tca for 4He coverage. Triangles mark Tca for pure 3He. Right
ends of the error bars mark T ∗

ca. The A phase persists down to the
lowest attained temperatures (≈0.3Tc). Solid and dashed lines are
guides to eye.

FIG. 8. Cw NMR frequency shifts vs temperature in 3He con-
fined by nylon planar aerogel in parallel (�ω‖, circles) and in
transverse (�ω⊥, triangles) magnetic fields in SN (open symbols)
and SG (filled symbols) states for the case of 4He coverage. Cir-
cles: ωL/(2π ) = 1269 kHz. Triangles: ωL/(2π ) = 460 kHz. Lines
are theoretical predictions according to Eqs. (7), (5) (solid line),
and Eq. (6) (dotted line) with Tca = 0.999 Tc and q = 0.265. P =
29.3 bar. (Inset) Temperature dependence of FWHM in the cw NMR
measurements corresponding to circles in the main graph.

oriented along z: �ω‖(SN ) = −�ω⊥(SN ) < 0 and �ω⊥(SG) ≈
−0.5�ω‖(SN ). The suppression of Tca in the nylon sample is
small due to its very high porosity (Fig. 10) and at 29.3 bar no
essential difference in Tca between cases of pure 3He and 4He
coverage is seen, but the value of q in pure 3He is significantly
smaller. At low pressure, the difference in Tca becomes larger,
similar to the case of the mullite sample. We note two essential
differences in comparison with the case of mullite sample.

FIG. 9. Cw NMR frequency shifts vs temperature in 3He con-
fined by nylon planar aerogel in parallel (�ω‖, circles) and in
transverse (�ω⊥, triangles) magnetic fields in the SN state for the
case of pure 3He. Open circles and triangles: ωL/(2π ) = 460 kHz.
Filled circles: ωL/(2π ) = 1269 kHz. The solid line is a theoretical
prediction according to Eqs. (5) and (7) with Tca = 0.997 Tc and
q = 0.265. P = 29.3 bar.
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FIG. 10. Phase diagram of 3He in nylon planar aerogel. Circles
and open triangles mark Tca for the cases of 4He coverage and pure
3He, respectively. Filled triangles mark the transition from A phase
to B phase on cooling for both cases. Lines are guides to eye.

Firstly, the width of the cw NMR line in the superfluid
phase is much larger in comparison with the mullite sample
(see the insets in Figs. 8 and 6) indicating that the observed
A phase is in the LIM state with ξLIM � ξD due to relatively
long characteristic distance between strands (ξa) because from
Ref. [44] it follows that ξLIM ∝ ξ 2

0 ξa. At low pressures, ξLIM

increases due to the increase of ξ0 and in this case the width
of the cw NMR line becomes comparable with �ω.

Secondly, at low pressures, the effective NMR shift
(2ω�ω) increases with the increase of the magnetic field
value (Fig. 11). This effect is more prominent at μ = 0 and in
pure 3He. In the case of 4He coverage this effect is noticeably
smaller and was not observed at P > 10 bar. In pure 3He, ex-
periments were done only at two pressures (5.4 and 29.3 bar),
and at 29.3 bar, the effective shift was also independent on
the magnetic field value. The reason of such behavior is not
clear and requires further investigations. However, this effect

FIG. 11. Cw NMR frequency shift of superfluid 3He in nylon
planar aerogel in parallel magnetic field vs ωL for the cases of 4He
coverage (open circles) and pure 3He (filled circles). T = 0.7 Tc,
P = 5.4 bar. Solid and dashed lines are guides to eye.

FIG. 12. Suppression of the A phase order parameter in mullite
planar aerogel in assumption of q = 1, obtained in cw NMR experi-
ments at different pressures from 2.9 to 29.3 bar, versus the transition
temperature for the cases of full 4He coverage (open circles) and pure
3He (filled circles), compared to the HISM with unitary scattering
shown as a dotted line [Eq. (7)] and to the IISM plotted as a solid
line to match measurements in the A phase in silica aerogel [49].

indicates that the value of the field and boundary conditions
influence the anisotropy of the LIM state in this sample.

At high pressures (P � 15 bar) upon cooling in the A
phase, we observe a rapid drop in intensity of the NMR line,
indicating a transition to the B phase, as predicted in Ref. [24].
In this paper, we do not study this phase in detail.

VI. DISCUSSION

In our experiments we measure q�2
A and then estimate q

using Eq. (7). Surely, this is the correct procedure for the
nylon sample and the results indicate the formation of the
LIM state in this sample. In the mullite sample, the condition
δTca � Tc is not fulfilled, and, in principle, the suppression of
�A may be substantially larger than it follows from Eq. (7),
as it occurs in isotropic silica aerogel [48,49]. Therefore it
is possible that q = 1 and in the mullite sample we obtain
the state with the spatially homogeneous � ‖ z. In Fig. 12,
we show dependencies of q(�A/�A0)2 on Tca obtained from
our NMR measurements in 3He in the mullite sample. Since
�A ∝ �0 then from Fig. 12, it follows that, in assumption of
q = 1, the suppression of the order parameter is significantly
larger than is predicted by the HISM model and also than
the suppression in 3He in 98% silica aerogel, which is well
described by the IISM model. Therefore we think it is more
likely that in the mullite sample we also obtain the LIM state.
Unfortunately, existing theoretical models are not applicable
to the anisotropic scattering which occurs in planar aerogel
and further development of the theory is necessary for treat-
ment of our results.

In the absence of the magnetic scattering channel, the
suppression of the transition temperature and of the gap in
3He in planar aerogel should be determined by the effective
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mean free path of 3He quasiparticles in x − y plane (λxx) [25],
which is decreased with a decrease of the specularity of the
quasiparticle scattering [50]. This may explain the difference
in superfluid transition temperatures at low pressures in cases
of pure 3He (nearly diffusive scattering) and 4He coverage
(nearly specular scattering). However, at P � 25 bar, the scat-
tering is expected to be nearly diffusive regardless of the
presence or absence of 4He coverage. Correspondingly, we
propose that at least at high pressures, the magnetic scatter-
ing is responsible for the suppression of Tca in the mullite
sample. The additional suppression of the value of q�2

A ∝
q�2

0 in experiments with pure 3He in comparison with the
case of 4He coverage is observed in both samples, but our
NMR measurements do not allow us to distinguish changes
in q and in �2

A separately. Therefore, at least at 29.3 bar
(farthest right experimental points in Fig. 12), the observed
difference in suppression of q�2

A may be due to not only
the suppression of the order parameter, but also to an influ-
ence of the magnetic scattering on the anisotropy of the LIM
state.

VII. CONCLUSIONS

We performed NMR experiments in 3He confined in two
samples of new aerogel-like material called as planar aerogel.
This aerogel has nearly maximal possible global anisotropy,
corresponding to infinite uniaxial compression of an initially
globally isotropic structure consisting of randomly oriented
straight strands. Overall, the experimental data indicate that in
both samples the superfluid transition of 3He at all pressures
occurs into the A phase in the LIM state with a preferred
orientation of � along z. This result agrees with theoretical
predictions [24,25] and with experiments in anisotropic silica

aerogel [10], where the region of existence of the A phase
was also extended to low pressures in the case of the same
orienting effect on �. We have also observed differences be-
tween results obtained in the presence and absence of solid
paramagnetic 3He on the aerogel strands, i.e., the additional
suppression of cw NMR frequency shift and of Tca in the pres-
ence of solid 3He. At a pressure of 29.3 bar, these differences
cannot be explained by the change in specularity of the 3He
quasiparticles scattering alone. This fact allows us to assume
that magnetic scattering may play an important role here.

It is worth noting that in the planar aerogel the anisotropy
of scattering of 3He quasiparticles is analogous to that in a
narrow gap, and in the recent experiments with 3He-A in a
very thin gap [55], it was suggested that the suppression of
the superfluid transition temperature in the presence of solid
paramagnetic 3He on the walls is partially due to the magnetic
scattering.

Thus we conclude that the boundary conditions for scatter-
ing of 3He quasiparticles essentially influence the superfluid
phase diagram of 3He in a planar aerogel. As in the case of
3He in nematic aerogel, the influence is more noticeable in
the case of lower porosity.
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