Overview of Supersolid
Research at Cornell

J.D. Reppy and A.S.C. Rittner
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Cell Geometries

e Cylindrical Vol = 1.8 cm™

e Cubic Vol=14cm™

e Annular Vol = 0.159 and 0.080 cm™



Experimental Setup

BeCu cell and torsion rod, Torsion rod
TeCu insert with square OD = 1.8 mm
Ccross section )
V~14cc ID =0.3 mm
L=1.6cm
fes =185 Hz
Q=1x106

Drive o )
To Mixing Detection

chamber

- Oscillator includes a capacitance strain gauge on top of cell
- Q is determined by ringdown above the transition

- The samples are grown with the blocked capillary technique
(constant volume)



Experimental setup

f.o =874 Hz
Qu =4 x 10°
Resolution: 0.01 %

j Straty-Adams capacitance gauge
| _—| with Mg plates,
Sensitivity: 0.5 mbar

Solid helium in annulus
OD =14.3 mm
widths = 0.15 mm, 0.30 mm

BeCu Torsion rod
OD =5.1 mm,

ID =0.6 mm,
length = 1.59 cm

V"y/

To mixing chamber



Thin annular oscillator

T = 920 Hz S Torsion bob
OA_A f— m X \_Om _m.m.nH — @O@\_ @*OBM
D_U:.mmwm = 40.5ns
Heater for \ gap = 101 um
quench cooling

Torsion rod with
fill line

OD =0.63 cm
ID=0.7 mm




Pressure [bar]

Molar volume [cm3]
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Solidification of Sample
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Square cell 27 bar

Temperature [K]
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Cylindrical cell, m\< 5.8 cm’
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m f=949 Hz,V=18cm3 p=30.5bar
m AP, =1.91 Ms, p/p between 1.5x10* and 3.5x10
m No suppression of NCRI up to 480 um/s, T, seems to

drop



Thin annular geometries
S/V=65.6 cm™’ S/V=131.2 cm™!

0.07
|. 0.20 4 e y = 59 um/s
® V... S2umss | 1 . * v~ 11.8umis
e = 10.7 ums/ | 7 LY = 24.1 um/s
. = 427 umifs | | 0.15 + ® v .= 37.0 um/s
® V.,.x= 126 pm/s | | e v = 825um/s
o = 266 n's | 7 £ ’ . N " 131 umf/s
o v, . =1198 umis | a 010 /m. .
4 1 Se © v . = 363 um/s
P4
0.05
0.00 4

TIK]

m gap 0.3 mm, half the spacing
of Kim & Chan (0/p=14%) ™ 92P 0.15 mm

(Science) m p =51 bar
m p=231bar ® maximum bm\\Q (50 mK)= 20 %
®m maximum pJ/p =6.0 %



Q' versus 2AP/P 0.3 mm gap

21 = 266 pm/
1 ® Viomk = R4
20 — -
i ® V.. . =952pum/s
18 constant mass variable coupling
I to oscillator
16 -
14 - -

Q"' x10°




Maximum p//p in different
geometries
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Conclusions and Questions

e Disorder is the Key to the Supersolid State.

.aw:mr O:m:_uw Samples show only trace signs
of the Supersolid State.

 What is the Nature of the Disorder which
supports the Supersolid?

 What is the upper limit to the Supersolid
Fraction? 100% 77



Summary

m We have observed

mCUm—..mo__Q mmosm_m O<m—n . e 0.15 mm gap (extrapolation to 20 mK)
three orders of magnitude .| / s O3mmoms
depending on S/V. v EvepelTion
m Increase of signal could . /.
be explained by g %1 .
stabilization of disorder g
by confinement or more .
rapid freezing. . /.“,.?..

m Puzzle: Results of Kim
and Chan in vycor and
porous gold




