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EXPERIMENTAL SETUP

The apparatus of this experiment is in most aspects
identical to that used in Ref. [39] and described in its
supplementary material. The main difference is the im-
proved uniformity of the cavity, see Fig. S1, achieved
through optimised nanofabrication, introduction of a par-
tition wall and restricting the measurements to low pres-
sure [41]. In addition the cell fill line was interrupted with
a superfluid-leaktight cryogenic valve [41, 42] at 6 mK, to
avoid gradual depletion of the *He film due to the foun-
tain effect.

TEMPERATURE CORRECTION

The thermometry in our experimental setup is based
on monitoring the temperature of the silver sinter heat
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FIG. S1: Spectroscopic measurement of the thickness D of
silicon-glass microfluidic cavities. The 1.1 pm cavity used in
the experiment described here is compared to the 0.7 um cav-
ity from Refs. [32, 39], inflated under pressure necessary to
stabilise the B phase. In the present work the slab uniformity
is improved, one of the reasons being the partition wall in the
middle of the cell [41].

exchanger with a Pt NMR thermometer, calibrated
against the He melting curve. In recent work on a
D = 0.2 um slab [43] the temperature gradient between
silver sinter (at Tag) and helium (at Tye) in the heat ex-
changer was carefully determined for various surface *He
coverages. With “He plating similar to the one used in
this experiment, the correction was found to be

T = (s1)

corresponding to thermal boundary resistance Rk (7T)
1/T?5. The constant C in (S1), determined by heat leak
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FIG. S2: Temperature correction. (a) Relationship between
temperatures Tie and Tag of helium and silver sinter in the
heat exchanger. (b) Frequency shift in the A phase is ex-
pected to have the bulk value, since the energy gap in the A
phase is not suppressed in a slab with specular walls. This is
found to be the case after the temperature correction. Here
the bulk frequency shift is modelled based on the initial slope
2fLO|Af(T)|/0(1 — T/T.)|r 1, = 3.96 x 10° Hz* measured
in the D = 0.2um cavity with 98%-specularly scattering
walls and the calculated temperature dependence of the weak-
coupling A phase energy gap. Here the initial slope is defined
as the slope of a straight line fitted between 0.97. and 1.07..
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FIG. S3: Characterisation of heating of the confined *He by NMR pulses. Helium temperature is inferred from frequency shift
probed regularly with small NMR pulses, while the heating is induced by large pulses, applied sufficiently far from Larmor
frequency not to tip *He spins and rarely enough (once every 20 minutes) to let the sample cool down before it is heated
again. (a) Heating in the slab and the “bulk marker” volume at the mouth of the fill line. Only the former rapidly warms up
due to local heating we are concerned with; in addition both slowly respond to Joule heating of the metallic elements of the
experimental setup, transmitted via the heat exchanger. Data from the D = 0.7 um slab with a large clearly-visible bulk marker
[39]. The rest of the measurements were performed on the D = 1.1 um slab presented in this paper. (b) Time evolution of the
slab temperature shortly after a large pulse. (c-f) Dependence of heating on the pulse duration 7 and power of radio-frequency
field B; measured 20 msec after pulses, when the slab reaches its highest temperature.

to the helium sample, is obtained from the suppression
of bulk T, registered with NMR. in the bulk *He marker
at the mouth of the fill line. Fig. S2 demonstrates that
such correction with a slightly different C' is adequate
for the present experiment, which utilised the same heat
exchanger. In this work the NMR pulses were applied
rarely enough to have no effect on C.

HEATING BY NMR PULSES

NMR experiments on superfluid *He under regu-
lar confinement in silicon-glass and fully-silicon cavities
(Refs. [32, 39, 43] and this work) have manifested heating
of an unidentified origin that couples to the confined lig-
uid directly, Fig. S3a. Most heating occurs within 1 msec
after the pulse (the duration of the probe NMR pulse plus
the dead time of the NMR spectrometer), and the slab
temperature is nearly constant for many msec afterwards,
Fig. S3b. The dependence of the heating on duration 7
and amplitude Bj of the sine-wave pulses, Fig. S3c-f, is
steeper than expected for linear dissipation (Q x 7B?),
especially when taking into account that specific heat of
3He in the slab increases with temperature. This points
towards an exotic origin of this parasitic effect.

In addition to the signatures shown in Fig. S3 we found

that the heating is not resonant near the 3He Larmor
frequency, and that heating due to pulses with the initial
‘antipulse’; Fig. 2b, only depends on the total duration
and amplitude, but not on the length of the ‘antipulse’
part.

As shown in Fig. S3b, the free induction decay after
a large pulse with characteristic 75 ~ 3-10msec occurs
at a nearly constant temperature, elevated above the
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FIG. S4: NMR measurements on the A and B phase in
D = 1.1um slab with 18 uT x1.2msec pulses. These pulses
overheated the slab by AT above the temperature Ty of the
helium in the heat exchanger. Different tipping angles are
achieved by applying the initial part of the pulse with a 180°
phase shift, see Fig. 2b. In the dipole-unlocked A phase
Afa(B) x cos g, see [32] for Af(B).
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FIG. S5: Universal scaling of planar distortion parameters § and @) with reduced slab thickness D/éap. (a-d) Calculations of
planar distortion of spatially-invariant planar-distorted B phase at various D/&y [44]. See Eq. (S3) for the definition of the
coherence length. (e-f) Comparison of these calculations to measurements on 0.7 pm slab (filled symbols) [32] and 1.1 pm slab
(open symbols, showing together both warm-ups presented in Fig. 3). The horizontal bars represent the range of D/€ap that
can be probed in at given D and P limited by T'= Tag and T' = 0.

temperature Ty of helium in the heat exchanger and fill
line. The use of ‘antipulses’, Fig. 2b, allows us to mea-
sure the NMR response as a function of tipping angle at
a constant elevated temperature. This is illustrated in
Fig. S4. We note that the strong frequency dependence
of NMR tipping by ‘antipulses’, renders them unusable
away from their carrier frequency. For this reason B_ is
missing from Fig. S4, due to relatively large frequency
range spanned by Af_(8) ~ —1kHz x cos(8). Probing
B, above the magic angle 5* is equally problematic and
was not studied here in detail.

In contrast the 0.7 wm slab was probed with groups of
large pulses that caused different heating, restricting such
measurements to the 7" < 0.57 limit where the temper-
ature dependence of the frequency shifts is weak [32].

In this work we demonstrated that tipping angles up
to 60° could be reached with 8 pT x1.2 msec pulses, gen-
erating only AT < 10 uK, small compared to the tem-
perature range over which we probed the B phase gap
distortion.

UNIVERSAL SCALING OF PLANAR
DISTORTION

Within the Ginzburg-Landau regime, T — T, < T,
the effects of confinement on properties of the super-

fluid are determined by a single control parameter, the
reduced thickness D/&(T, P), where ¢ is the coherence

length. This universality breaks down at lower tempera-
tures, i.e. see the supplementary of Ref. [39]. To study the
A-B transition outside of the Ginzburg-Landau regime
the coherence length has been defined as

h’UF(P)

N SO

(52)

were vp is the Fermi velocity and Apg is the bulk B phase
gap. We observe that the weak-coupling quasiclassical
calculations [44] of g(T') and Q(T) at different D collapse,
see Fig. Sba-d, expressed as a function of D /¢ adopting
a slightly different coherence length

Dag(T, P)

gAB(Ta P) = W\/g )

(S3)

where Dag(T, P) is the thickness of the slab at which
the A to B transition occurs at temperature 1" and pres-
sure P (the inverse of the Tap(D/&(P)) function [34]).
Here we restrict the discussion to the calculations for
a slab with specular boundaries and recognise that the
pressure P only enters the weak-coupling calculations via
the pressure dependence of the bulk transition temper-
ature TPU%(P) and the Cooper pair diameter &y(P) =
hop(P)/2rkg TP (P). We find that £ap/éa — 1.0 at
T — T, and Eap/éa — 1.1 at T — 0.



PLANAR DISTORTION: THEORY VS
EXPERIMENTS

We compare the calculations discussed in the previ-
ous section with the NMR measurements of the planar
distortion of the B phase in 0.7 and 1.1 pm slabs in
Fig. S5e,f. The former, obtained at P = 5.5bar and
T = 0.6mK = 0.47""¥ are in good agreement with the
theory in terms of both § and Q. This confirms that the
strong coupling effects, known to increase with pressure,
are not responsible for the reduced g presented in this
paper, Fig. 3 and Fig. S5f.

QUALITATIVE DISCUSSION OF DOMAIN
CONFIGURATIONS

In this section we compare possible structures of do-
mains using the length of domain walls per unit area of
the slab L/A as a figure of merit of the free energy gain
due to formation of domain walls. We consider a two-
dimensional problem of energetic stability of thin domain
walls with hard-core repulsion at distance W. Dots are
assumed to be circular. We find L/A = 1/W for the
stripe phase, L/A = 7/2W+/3 ~ 0.91/W for hexagonal
lattice and L/A = w/4W = 0.79/W for square lattice,
listed in Fig. 4b-d. The fact that these numbers are all
close to each other demonstrates that the free energy of
1D and 2D modulated states is nearly degenerate, and
only a detailed calculation can reliably identify the low-
est energy state, taking into account the gradual spatial
variation of the order parameter components across the
domain walls and the optimum shape of dots.
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