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Observations on Non-Classical

Behaviour of Solid 4He with
Compound Torsional Oscillator




Compound Torsionall Oscillator

BeCu rods

Sample chamber:
cylinder (0d=10 mm, h=8 mm)
annulus (od=10 mm, id=8 mm)

He-4 (nom. 0.3 ppm He-3)
Blocked capillary method

f1(in phase motion) ~ 0.5 kHz, Q ~ 1.3M  f2(out phase) ~ 1.2 kHz, Q ~ 0.5M
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assuming the same torsion constant for both rods




Wiy Compoeund Tersional Oscillater?

I. probing NCRI of identical solid #He at 2 frequencies
o “simple” superfluidtiaenhavior?
o chiical displacement, Velecity or acceleration?
o glassy solid “He: (Nussinov, et al, Phys. Rev. B 76, 014530(07))

o vortex liguid (Anderson, Nature Physics 3, 160(07), Schevehenko,
LTP(88))

o KT=like “filn™ flew: along grain beundaries (Gaudio, et al(08))
[l Simultaneous: drive both medes

[11. geometry dependence ? cylinder and annulus

IHySteres|s; and relaxation: dynamics: effiects
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NCRI firaction and: Dissipation

O f =495.8 Hz

A f =11728Hz C lindrical Samj [€
(@0 mmi diam, 8 mm high)
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s=s,exp(D/(T -T,)) ; 5
" f[1+Q2xf,s)]

T 1+ Qrfs)

Sy=8.63 us, D=147.66 mK, T,=15.92 mK, A=2.49678x103 s’! B=3.03371x10! s

40 50 6070 1
T [mK]

40 50 6070 10°
T [mK]




NCRI frraction and Dissipation

Annular sample
8 mm' Inner diam

10 mm euter diam
pPr="A7 lhar

Blecked capilian/ arewin

SIUItaneols oW drve




vortex liguid model — dissipation| respense
Anderson (Nature Physics 3, 160(2007) )

Huse proposal
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“real” supersolid at T < Tc



What happens with *He impurity?
“10 ppm; °He™” - effect on NCRIT (Very: preliminary)

+ NCRIF warm bg mode 1
% NCRIF warm bg mode 2

200 300
T(mk)

Increased onset T: confirmation of results at Penn State group
What about separation in dissipation peaks?




“10 ppm °He™ - effect oni dissipation (preliminary)
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dissipation peak is weak with 10 ppm 3He === \ortex liquid model?
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revisit Anderson model

Huse proposal
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He-3 concentration

Dissipation
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Velocity: Dependent Suppression; off NCRI fraction
Cylinder
T =19 mK P = 37 bar

at: NCRIT=0.05' %

il Ay

NCRIf (x 10%)

rim displacement [nm]
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— best match
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rim velocity [|.Lm.’sec?2
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rim acceleration [mm/sec”]




[Hysteresis inivelocity dependent NCRI
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NG hysteresis at 60 mK!




hysteresis at 30 mK

200 400 _ 600 800 1000
rim velocity [um/sec]




T=63mK

Note: no
hysteresis!
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Mapping of NCRIf as [ac oscillation (field) and T] are varied: cylinder sample

f2,1172.8 Hz

NCRIf(%)
0.12

200
_ 400
Velocity [um/sec]

“zero-field field-cooled




Simultaneous drive:
change: drive level off mede: 1

with smalll (=45 pm/s) diive ofi mode. 2

annulus
T =10 mK
P =42 bar

100 200 300 400 500 600 700
mode 1 rim velocity (um/s)




simultaneous drive:

change drive level of mode 2
with smallf (10 wm/s)) drive: eff mede 1.

annulus
T = 24 mK
P = 42 bar

100 150 200

Mode 2 rim velocity (um/s)




dissipation dymnamics:
response to step change in drive level
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relaxation and memory. (1 = 10 mK)
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T=5.395 mk (4.5 Vdc, 35.1 mVvac — 4.5 Vdc, 17.5 mVac)

rim velocity [um/sec]
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time [sec] = 10*
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time [sec] x 10*

drive level




relaxation vs. T

47.85 mK

29.78 mK

time [s] (x10 %)

thermal relaxation

V. =V, +BIn(t+t,)—Cexp(-t/7)

decay just after drive change




relaxation time: ¢

T=1,exp(A/kgT)
Alkg=14.1 mK
1,=538 S

Mechanisms for long
relaxation time: ?

* diffierent physical ergin
than dissipation; peak in; I

* recondensation: ofi °He?z
Assume Dx, — 3x10-t cm?/s
and A=10ecm?
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o Vortex liguid — solid??




Summary

compound torsional oscillator
cylindrical and annular samples
NCRIf: 0.1 ~0.25 %
shifted T dependence of NCRIf and dissipation
He-3 impurity changes T dependence, no dissip. peak

hysteresis and reversible regimes in NCRIf and
oscillator response.

simultaneous drive

unusual relaxation phenomena

comparison with glassy solid “He theory on-going.
analogy with vortex liquid model on-going.




