
pair breaking
velocity

τ ∼ 1 min

τ ∼ 1 s

bolometer 2
3.92 pW

bolometer 2

cell2

bolometer 1
5.51 pW

τ ∼ 1 h
bolometer 1

cell1

v

dl

B

I

+

−
V

L

1.6

2.7

6.6

8.2

10.9

I[nA]

field: 79 mT

pressure: 0 bar

wire: w1bt

velocity, cm/s

Non-linearity is measured for 9 wires as

a function of pressure, temperature and

and field (2500 curves)

δ 0
S
(v
),

H
z

wire: w1a
field: 158 mT
pressure: 2 bar

T ≈ 0.157Tc

T ≈ 0.149Tc

T ≈ 0.227Tc

0.164

0.168

0.172

0.176

0.180

0.160
-10 0 10 20 30 40

T
/
T
c

time, s

surface 2
τ ∼ 1 h

surface 1
τ ∼ 1 min

V. Zavjalov, S. Autti, D. Zmeev

Department of Physics, Lancaster University, Lancaster LA1 4YB, United Kingdom

Thermal transport between and within surface layers of superfluid 3He-B

QFS 2023

1cm

Force acting on unit area of a moving object in 3He-B (in a simple
1D scattering model):

F (v) = −p2
F
vFN(0) exp

(

−
∆

kT

)

v0 sign(v)
(

1− exp(−|v|/v0)
)

,

where v0 = kT/pF .

Vibrating wire with current I and velocity v in magnetic field B:
force F = ILB, EMF voltage across the wire V = vLB.

Velocity responce (bold symbols represent complex parameters):

v =
iωF/mw

(ω2

0
− ω2) + iωδ0 S(|v|/v0)

Non-linearity is determined by function S. For 1D model

S(x) =
2

x

(

I1(x)− L
−1(x) +

2

π

)

where In(x) and Ln(x) are modified Bessel function of first kind and
modified Struve function.

Function S is proportional to real part of wire conductance, one can
directly measure it:

δ0S(|v|/v0) =
1

mw

ℜ

(

F

v

)

=
L2B2

mw

ℜ

(

I

V

)

Experimental cell

Measurements

Thermometry in the B phase Obtained function S can be used for processing vi-
brating wire response measured as a function of fre-
quency (picture below), drive, and temperature (pic-
ture on the right).

Parameter δ0 can be found from velocity-dependent
damping by extrapolating the function to v = 0.

Conversion to temperature:

T/Tc =
∆/kTc

C − log(δ0)

with calibration parameter C.
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thermal link to dilution fridge (silver wire)

inner cell (3He volume: 17.8 cm3)

thermometers: NbTi wires, D = 4.5, 0.4µm

heater: Ta wire, D = 125µm

aerogel sample (only cell #1)
Nafen-72, 98.2%, 3.85 cm3, surface: 41 m2

copper plates covered with silver sinter
85g of copper, sinter surface: 48 m2 per cell

bolometer box: 7x9x5mm

cover (only cell #1)D=4mm

0.2 mm

heater: NbTi wire, D = 13µm
thermometer: NbTi wire, D = 4.5µm

outer cell (araldite)

copper plates, covered with silver sinter

inner cells (paper with Stycast-1266)
3He

aerogel sample in cell #1

See also: arXiv:2303.01189

Results
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results soon.

Data processing is in progress, we hope to get some quantitative

bolometer heating:

Possible thermal model of cell and bolometer:

τ ∼ 1 s
bulk liquid

copper

cell heating

cooling by demagnetization

τ ∼ 1 s
liquid in bolometer

bolometer cover in cell 1

blocks ballistic transport

but not surface transport

bolometer heating

heating of both cells

∼ 8 nW

cell heating:
Temperature of inner cells during a typical measurement:
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