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Creation of QT by moving grid,
detection by quartz forks?
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Introduction

Beginnings

Inference of QT creation and decay

@ In experiments (~ 30 mK) to
measure Landau velocity,
noticed: ’

(a) There was no build-up of
charged vorticity — though ions
from field emitters produce
charged vortex rings & tangles.

(b) If the tip voltage was made
momentarily “too high”, signal
disappeared, and then took
many minutes/hours to return.

@ So QT does decay!
@ But the decay rate can be slow. a A

Ellis & McC, Phil Trans R Soc A 315, 259 (1985).
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Introduction

Beginnings

Observatlon Of deCaylng QT Dauvis et al, Physica B 280, 43 (2000).

Field )
emission tip \L / Top electrode

Oscillating
HV grid \
,,,,,,,,,,,,,,, \ Bottom electrode

Frisch grid 7 \\ Collector

Amplitude

@ oé;éé((:;o IPREETRRETIET,
@ Create QT by oscillating the grid for a few seconds.
@ Probe the QT region with pulses of negative ions.
@ Trapping of ions on vortices attenuates the signal.
@ So expect signal to return gradually to its vortex-free level.

@ Some caveats —
@ More qualitative than quantitative —
@ Distribution of QT was unknown.
@ Vortex/ion trapping cross-section was unknown.

“Circumstantial”!
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Experiments on grid dynamics

Our recent experiments do not use ions for QT detection.
Instead —

@ Try to infer QT creation processes from the dynamical
response of the grid to driving force.

@ Or, more recently, monitor free decay of grid oscillations
after the driving force has been removed.

@ Can we detect QT produced by the grid via its effect on a
quartz fork?
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Experimental arrangement

Agilent 54624A
Oscilloscope Room Temperature

mK Temperature
Channel 1 Channel 2

ciT — HP 33258 Signd | 27 x Transformer

H Wave Generator | Out (optional)
T oo Vi =Vjpcoswt
B| Top electrode.
cl Brandenburg  |EHT 100MQ b Grid_
of HV Supply  [Out _F < Vo ~ 500V DC
n:

1| Sng . Bottom electrode - -
e | .l Sanford SR80 |Sgna 1 Signal pick-up, V>
Ci T -—-—Lock InAmplifier | In
t

['H
|
L N— —| Pl 350 Mhz PC

Force on grid, fy = egermR?VoV1/d?, produces oscillations of
amplitude AD, and a signal of amplitude
V, = VoAD/d.

Signal reduced by factor (1 + C./C)~! A
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The oscillating grid
Grid resor sults
Free decay res!

Experiments

Electron micrographs show that
grid is quite regular —

< but that the surface
is rather rough

4He atvery low T — ICTP, 19/03/2009

Efimov Garg Giltrow lhas McClintock Skrbek Vinen Vibrating grids i



The oscillating grid

Experiments

Grid resonance results

Free decay results

Results from different grids

Three major series of experiments, using three different grids,

all in isotopically pure “He at ~20 mK —

© First grid
o Gold-plated nickel grid
e v~ 10%Hz, Q ~ 5000
@ Highly nonlinear, very hysteretic

@ Second grid

e Different gold-plated nickel grid
e v~ 10°Hz, Q ~ 5000
o After “cleaning”, minimal nonlinearity

© Present grid

o Gold-plated copper grid
o v~ 10°Hz, Q ~ 10°
o Slight hysteresis, and jumps

respons

e amplitude (mVpp)
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Agilent 54624A
Oscilloscope Room Temperaure mK Temperature

HP 33258 ignd | 27 Transformer
e Wave Generator [Out (optional
Sync

Scheme of
experiments

ectrode
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The oscillating grid
Grid resonance results
Free decay results

Experiments

gilent 54624A
Oscilloscope Room Temperaure mK Temperature

Scheme of
experiments

27 x Transformer
(optional)
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The oscillating grid
Grid resonance results
Free decay results

Experiments

mK Temperature

Scheme of
xperiments

HP 33258
[ Wave Generator [0
Sync

A
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The oscillating grid

Experiments

Distance 11 mm

Upper fork
Top electrode ..
| \\ | Positions of forks
.~ Outer fork .
_ - [ in the cell
Grid fork -

|l —— Distance 1 mm
I =t

—1 |

[— Distance 1 mm

High pressure capillary

Distance 1 mm
Bottom electrode
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Scheme of
experiments

nAmplifier [In

vled electrodes
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The oscillating grid
Grid resonance results
Free decay results

Experiments

To be borne in mind...

@ Relatively large dimensions — 13 cm. diameter grid in 1.5/
of liquid.

@ Isotopically pure “He.
@ Gold-plated copper grid (cf. nickel in earlier work).
@ History dependences, long timescales —

“Virgin” = cooled from Hell

@ All new data, not yet properly digested or understood — but
immediately interesting and general picture is becoming
clear.
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Resonances at lowest drive

Virgin response (blue)

IS — Drive = 0.0907mV —o—FrW
) 0.0011 —o—BacwW
@ Reproducible toe]  17th_Feb
0.0008
o Roughly — oo
Lorentzian. E 00006
E 0.0005 -]
@ Q ~ 250,000. 00004
g 0.0003
After excitation to g o
. x .
— 0.0000
63 mV (points) get 20000 L
@ Hysteresis Py
925.90 925.92 925.94 925.96 925.98 926.00 926.02
@ Jumps sweep (Hz)
@ Irreproducibility A
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Resonances at very low drive

Virgin response

(blue) —
e Drive = 0.4535mV o
@ Exhibits jumps 0.0024 ] 707;2,(\:/\%0
. 0.0022 @) —+—Frw1
@ Not Lorentzian 0.0020 ] 3 — = BrW1
o = 0.0018
o Q is still huge 0.0016 ]
° 0.0014 —
After excitation to £ 000124
o £ 0.0010 4
63 mV (points), get — 2 ooons
0.0006 —
@ Hysteresis 000043
0.0002 ]
[+ Jumps 0.0000 4
-0.0002 —
o But good 925.85 925.90 92595 926.00 926.05

X Axis Title

reproducibility
@ And larger Q A
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Resonances at low drive

Virgin response
(blue) —
Drive = 0.9070mV —o—Frw

@ Is not really —o—Bacw
0.004 Q
resonant
@ Displays huge 0.003 1 !
Jumps g 0.002 4
=
After excitation to E: 17th_Feb
vV ; > % Virgin —
63 mV (points) - S
response — o000 gar o
@ Is “well-behaved”, 0001 +——y ; ; ;
) . 925.85 925.90 925.95 926.00
reproducible, with X Axis Title
no hysteresis )\
@ Has Q ~ 50,000 K
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Summary of resonance data

HV Grid response to gradually increasing drives

——0.09mV
——0.45mV
—0.9mV
—2.7mV
—4.5mV
. —6mV
Yaa A —-—9mv
R 13.6mV
LI VIURR) —-—-18mV
% h,,r Vo ——ammy
L. ——-3emv
L 54mV
! —-=-63mV
o —-=-1000mV

0.01

Response (mVrms)

1E-3

T
925.6 925.7

T T 1
925.9 926.0 926.1 926.2

sweep (Hz) A

T
925.8
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Free decay measurements

@ Procedure —

o Drive grid on (or very close to) resonance.
@ Switch off drive.
@ Monitor the decay of the oscillations.

@ Advantages —

e Unaffected by instability of the resonant frequency.
@ Hence separates changes in damping from changes in
frequency.
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Free decay after low-drive excitation

0.01
] Numbers on the left side of each curve represent o For ve r‘y
1 181 the applied excitation (in mVrms) to bottom electrode. |0W€St drive o

a single,
exponential,
decay
process with
7 ~100s.

@ For slightly
larger drives:
an initial,
faster, non-
exponential,

decay. A

T — ICTP, 19/03/2009
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Free decay after medium-drive excitation

0.01

e 45mV @ After
—*—2TmV medium
—4+—45mV .

drives: an
initial, fast,
decay
process
appears.

Then the
same two
processes
as after low

drives. A
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Response (Vrms)
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Free decay after high-drive excitation

0.01

@ After high
drives: the
fast process
dominates
and the two
slower
processes
vanish.

1E-34

1E-4 4

Response (Vrms)

@ So examine
initial decay
more

closely... A

1E-54
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Experiments

The oscillating grid
Grid resonance results
Free decay results

Initial free decay after high-drive excitation

Response (Vrms)

0.01
] \t 1.18s

Y

—e«— 1 sec interval @ The initial

] —»—0.3 sec interval decay

1 consists of
1E_3_: 1E-3 tWO

] processes —

very fast,
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lu then fast.

@ Looks like
straight lines
of different
slope...
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Experiments

The oscillating grid

Grid resonance results

Free decay results

Initial free decay after high-drive excitation Il

UP_P from oscilloscope, mV

201

15

10

N 100 OOO
!.'-‘ [ O .
- R @ Expansion of
.l ® . O © - -
L first 2 s, inset
e to 8s.
LN 3 7 p 3 )
‘\‘ @ Points to two
N separate
=135 g processes.
Cam g @ Change-over
\\\ n at ~2s.
T T
1 2
time, s A
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The oscillating grid
Grid resonance results
Free decay results

Experiments

Behaviour after very high-drive excitation

g @ Decays from

10-1000mv lower drives
R after very
0.01 SINNN . .
high drive.
£ 1e3 @ Earlier
2 medium
0 o
S 1E4 drive decays
Qo o
3 vanished.
150 @ The 5mV
o oo curve
1E-6 o
LINNNLA DL LA LA LA AL R LA R R R DL L reStored
20 0 20 40 60 80 100 120 140 160 180 200 220 after N2

Time (sec) hours. A
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Comments on quartz forks Forks for QT creation/detection

Quartz forks

@ Huge range of +
sizes, frequencies. e F
@ Very high Qs.
@ Can use for the
creation of QT. W
@ Maybe also for the i ’
detection of QT? Potnt to Foine

Pla= 3.36 mm
Pib= 4.6 Deg
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Comments on quartz forks Forks for QT creation/detection

Drag coefficient at 20 mK — virgin response

@ The virgin
reSpO n Se —O— Virgin Drag, 11th Feb data
i 104 e o down
eXhlbItS a :ﬁ::gt: Eel;:gnve:p
minimum in

Ca (V). ] e

@ Discontinuity o
near %

v = 40cm/s s
is an artifact.
@ But when S
measure- 0.1 1 10 100
ments were Velocity (cm/s)
repeated... A
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Forks for QT creation/detection

Comments on quartz forks

Drag coefficient — repeat, increasing, 14/02/2009

—O~— Virgin Drag, 11th Feb data
—O— 14th Feb, set1

—— 14th Feb, Drive down
—A— 15th Feb, Drive up

—O— 15th Feb, Drive down

Efimov Garg Giltrow lhas McClint



Comments on quartz forks Forks for QT creation/detection

Drag coefficient — repeat, decreasing, 14/02/2009

10 5 —O— Virgin Drag, 11th Feb data
L] —4x— 14th Feb, set1
—@— 14th Feb, Drive down
—A— 15th Feb, Drive up
—O—15th Feb, Drive down
N
LS
14
\Q
o o\\
o\
L)
0.1 E %y
Tee oo
0.1 1 10 100

& T — ICTP, 19/03/2009
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Comments on quartz forks Forks for QT creation/detection

Drag coefficient — repeat, increasing, 15/02/2009

10 JAL —O~ Virgin Drag, 11th Feb data
A\ —Z— 14th Feb, set1
LN —Mm— 14th Feb, Drive down
-~ —A— 15t Feb, Drive up
A\ —O—15th Feb, Drive down
RN
\
14 N
° A
A,
0.1 AL
] A,
s
— T — T — T
0.1 1 10 100

Velocity (cm/s)

& T — ICTP, 19/03/2009
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Comments on quartz forks

Forks for QT creation/detection

Drag coefficient — repeat, decreasing, 15

10 3 —O~ Virgin Drag, 11th Feb data
] —4— 14th Feb, setl
4 —H— 14th Feb, Drive down
4 —A— 15th Feb, Drive up
4 " —@— 15th Feb, Drive down

14
E -
° ] op.
(&) %,

0.1+ \..

] \.ﬁq-
T T T

0.1 1 10 100

Velocity (cm/s)

4
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Comments on quartz forks Forks for QT creation/detection

Comparison of different results

@ A minimum is
only seen for

the virgin
response. S
o Subsequently, ratioiind ot
the minimum
is absent, o
even if one
walits for a day. 014
@ Warming
above 1K
r?St_Ores the Velocity (cm/s)
virgin A
behaviour
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The emerging picture?
Conclusion

Discussion

Time-dependences, instabilities

@ Both for grid and forks, history-dependences, and very
long relaxation times —

o Small frequency shifts, often without change of width for
small drives.

o As with Grid No. 2, sometimes achieved well-behaved
low-drive response after “cleaning” at higher drives.

@ Waiting a week does not restore “virgin” responses.

@ Free decay data indicate at least two critical velocities.
@ Frequency shifts imply changes in effective mass —

o Probably not caused by “dirt”!
@ Pressure-dependence of Grid No. 2 resonant frequency
suggested a permanently enhanced mass in He ll... A
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The emerging picture?
Conclusion

Discussion

“Anomalous” hydrodynamic effective mass? ere 74 oss307 2o0e).

Plot of (1)
against density p.
Very-low
amplitude.

Line misses
vacuum
resonance.

Ui (p)

Remanent
vorticity: a “fur” of
small loops?

Vibrating wire, cf.
93F © 0.15 0.155 0.16 0.1657]

. . . . . ‘ . ‘ . Yano.
0 002 004 006 008 01 012 014 016 \

p/gcm’a

Efimov Garg Giltrow lhas McClintock Skrbek Vinen Vibrating grids i 4He at very low T — ICTP, 19/03/2009



The emerging picture?

Conclusion
Discussion

Tentative conclusions

© For both grids and forks, measurements in He Il near
20 mK exhibit —
@ History-dependence

@ Very slow relaxation
@ Jumps (grid only)

@ There are at least three distinct dissipation regimes for a
free decay of the grid vibrations.

© Hypothesis: shifts in resonant frequencies may be due to
changes in effective mass associated with pinned vortices.
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The emerging picture?
Conclusion

Discussion

Acknowledgements & selected references

We are grateful to EPSRC/NSF WMN for financial support.

@ T Ellis and P V E McClintock, “The breakdown of superfluidity in liquid He-4: V.
Measurement of the Landau critical velocity for roton creation”; Phil. Trans. Roy.
Soc. (Lond.) A 315, 259-300 (1985).

© S | Davis, P C Hendry, P V E McClintock and H Nichol, “Experiments on
quantized turbulence at mK temperatures”, in Quantized Vortex Dynamics and
Superfluid Turbulence, ed. C F Barenghi, W F Vinen and R J Donnelly, Springer,
Berlin, 2001, pp 73-79.

Q H A Nichol, L Skrbek, P C Hendry and P V E McClintock, “Flow of He Il due to an
oscillating grid in the low temperature limit”, Phys. Rev. Lett. 92, 244501 (2004).

© D Charalambous, L Skrbek, P C Hendry, P V E McClintock and W F Vinen,
“Experimental investigation of the dynamics of a vibrating grid in superfluid *He
over a range of temperatures and pressures”, Phys. Rev. E 74, 036307 (2006). )K

Efimov Garg Giltrow lhas McClintock Skrbek Vinen Vibrating grids in 4He at very low T — ICTP, 19/03/2009



	Outline
	Main Talk
	Introduction
	Beginnings

	Experiments
	The oscillating grid
	Grid resonance results
	Free decay results

	Comments on quartz forks
	Forks for QT creation/detection

	Discussion
	The emerging picture?
	Conclusion





