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Reduction of vibrational noise from continuously fille d 1 K pots

G. Lawes, G. M. Zassenhaus, S. Koch, E. N. Smith, J. D. Reppy, and J. M. Parpia
Laboratory of Atomic and Solid State Physics and the Cornell Center for Materials Research, Cornell
University, Ithaca, New York 14853

(Received 13 July 1998; accepted for publication 21 September) 1998

We have examined the vibrational noise originating from 1.3 K pumped helium chafil€soty

that are continuously filled from the 4.2 K bath through an impedance. The noise can be largely
eliminated by either heating the pot or by heating the impedance directly. NoikeKi pots has
detrimental consequences for the operation of audio frequency torsional oscillators and for high
precision thermometry. €1998 American Institute of PhysidS0034-674808)03512-9

I. INTRODUCTION IIl. EXPERIMENTAL DETAILS

Vibrations in cryostats are a cause of unwanted heating The two cryostafsused for these measurements were
and can result in the degradation of the signal-to-noise ratiosonstructed inhouse. Cryostat A, used for the first study, was
for experiments. Typically, external sources of noise such aolated from building vibrations by suspending it on rubber
mechanical pumps which are coupled to the apparatugibing. Cryostat B, was supported on three 12(p‘ieces of
through flexible lines are dealt with using standardisomodé corrugated neoprene pads to reduce coupling to
techniques. While performing experiments involving tor- external low frequency vibrations. For cryostat B, the 1 K
sional oscillators or high resolution thermometry we encounpot is a brass cylinder with a diameter of 5.25 cm, and height
tered vibrations that originated inside the cryostat. For torgf 5.25 cm. The impedance is copper nickel tbihm long,
sional oscillators operated under favorable circumstances, &thd 0.1-mm-inner diameter. The middle third of this imped-
amplitude stability of 10* and frequency stability of I ance was wrapped around and soldered to a 1-cm-diameter
are possible, but this performance is easily degraded throug(gbpper spool clamped toehl K pot pumping line to isolate
interactions with vibration sources. Similar degradation ofi,e 1 k pot from heat added to the impedance. The remain-

signal to noise has been observed in a cryostat where thag |ength of copper nickel tubing is loosely coiled, greased
magnetization of a paramagnetic salt is monitored by a SUdown, and tied in a 1-cm-diameter bundle. This impedance

perconducting quantum interference deviBQUID) as part 5 15\ed a flow of 0.2 mL/min of helium at room temperature

of a high resolution thermometry arrangement. at a pressure difference of 0.5 bar. The level of liquid helium

In order to reduce the consumption of liquid helium, in both the 1 K pots was measured using coaxial cylindrical
cryostats are normally built to pump on only a small VOIumecapacitors

(1 K pot) filled with “He which is continuously replenished L , , ,
. S Vibrations were measured using a piezoelectric
from the bath through an impedant&@he pot maintains a )
: . annIeve? whose resonant frequen¢$0 H2), was well be-
temperature of about 1.3 K, and is a necessary first stage . .
) o . : : ow the bandwidth of noise. On cryostat B, the voltage
cooling for a dilution refrigerator. In practice, the impedance . .
. . . across the sensor was fed to a PAR model 116 differential
is set so that the pot is always overfull—with the level of the it lifi d then to a Krohn—Hit del 3323R
liquid—vapor interface extending into the pumping line—in Zg :g/e ptreamé)l |§r, an ﬂten Otat ro n—_ e lm% ?vv 300
order to accommodate increases in the heat foate will 302%\/?( an Eass- ! elr se or;])ass signais be e(Tn
show that this state causes unwanted vibrations in the app!i'—Z an Hz. The signal was then sent to a Hewlett—
Packard model 3562A signal analyzer from which power

ratus. , :
A variable impedance would be needed to accommodatSPectra were obtained by averaging for 30 s. The spectra

a variable heat load and maintain the helium level at a specPtainéd under various conditions were plotted and then
fied level in the pot. Valves to vary the impedance are diffi-digitized. Cryostat A employed a similar setup with the ex-
cult to incorporate into an apparatus and frequently they d§€Ption that each spectrum was integrated over the range
not provide a fine enough control. For practical reasons wé—50 kHz. . _ .
chose to concentrate on thermal methods to control the flow Cryostat A, used solely to investigate the changes in
because they can be applied to all existing cryostats. waibrational noise associated with the helium level in the 1 K
installed a heater directly at the 4.2 K end of the impedanc#0t, was equipped with a single heater on the pot. Two heat-
to reduce the flow of liquid into the pot. Previous ers were used during the investigation on cryostat B. The
measurementsindicated that the vibrations in ¢hl K pot first is a 172) resistor attached to ¢hl K pot. The second
could be suppressed by heating the pot to lower the level of2902) resistor is clamped to the fill line at the 4.2 K end of
helium. We also investigated this method of reducing the 1 Kthe impedance. Either heater could be connected to a voltage
pot noise. source with a maximum output of 3 V.
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FIG. 1. Data obtained while emptying pot on cryostat A. The noise isF!G- 3. (8 Noise spectrum with no heat applied and the pot (téte ). (b)
plotted on alinear scale vs frequency. The lowest trace corresponds to thdV0ise spectrum with no heat to the fill impedance but with helium level
full state. Tracegb)—(g) were obtained as the pot was emptied. Trémds below the critical value in cryostat B. Peaks in the noise at 3 and 4.5 kHz
the noisiest, and the others show a progressive decrease in the noise. THgbIe in (2) are absent.

curves are offset both vertically and horizontally for clarity.

level, the 1 K pot noise is not detectable with our sensor. The
IIl. LEVEL DEPENDENCE: CRYOSTAT A drop in noise is at least a factor of 10 in this study.

In the study on cryostat A, the helium level was altered
by applying heat and the level was monitored with the calV. LEVEL DEPENDENCE: CRYOSTAT B
pacitor. We used a PID with the capacitance as the input and

the heater as the output to control the levefidé in the pot. observed on cryostat B, with the pot full and with no heat

Wwe Ofbta'?ed afslerlels_ ogrle(&uenﬂripe(ﬁmwn in ';'g' 1 ¢ applied is shown in Fig. @). We find high amplitude vibra-
as a lunction otlevet in pot. ‘Ihe séquence of Spectra ;¢ Kejow about 5 kHz which fall off by two orders of

show large peaks below 10 kHz which, as the level de-

creases, grow larger at first then drop rapidly into the noi:semagnItUde at higher frequencies. Above 6 kFiz, the noise

Several other smaller peaks at higher frequency exhibit thShOWS large variations, but does not drop off as the fre-

. . . . ncy incr . In order he level nden f
same behavior. Below 4 kHz a portion of the vibration spec—‘aue ¢y Increases order to study the level dependence o

trum appears to be completely independent of level the noise we heated¢nl K pot at 52 mW using the 26D
. ; . : resistor, which emptied th t at 10% of its total volum
We integrated the vibration spectra from 4 to 50 kHz esistor, ch emptied the pot at 10% of its total volume

and plot the integral versus helium level in Fig. 2. The noise. . o1 hour, and raised the temperature to 1.38 K. A signifi-

) cant reduction in the magnitude of vibration in the cryostat

0,
fr:ﬁ‘;hisicilpzikt\év:illzzalfgfél'zf;osse é%igﬁ;gllégt;dfﬁf rom state | was observed once the helium level fell below
q y pS- 0 95% full [Fig. 3(b)]. In this state the noise peaks at 3 and 4.5

kHz are suppressed and the high frequency components were
reduced by about 20 dB.

The spectrum characteristic of the noisy sté&ttate )

2 ' ' ‘ ' We also note the following characteristics. The transition
. between the noisy and quiet regimes is characterized by a
o | i transient increase in the intensity of the noite be de-
°© . scribed below. We observe the change in the noise at the
. ° same level regardless of whether the pot is emptying or fill-

0.6

ing. While emptying the temperature is 1.38 K, and when the
| pot is filling (without any heat appliedl =1.18 K. Thus, the

Integrated Noise Level (Arb.)

« | . | reduction in noise is not related to temperature. There is also
© no hysteresis in the correlation of the noise to the level, with
oo’ the noise recovering to the original level as the level in-
It % 1 creases past 95% full. All of these are consistent with the
. measurements from cryostat A.
[ ] e @
=} ) . . .
o
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FIG. 2. The integrated noise from 4 to 50 kHz for the data shown in Fig. 1. . To investigate the_ ?ffeCt of flow into ¢hl K .pOt on
A maximum in noise is seen at 80% full and below 50% the noise is reduced!0IS€ We heateq the fill impedance. We started W't_h no heat,
by an order of magnitude. T=1.27 K, pot filled completely and heated the fill line at 12
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10 @ 3 depth and heating the impedance at 7 mW. At this heat input,
-10¢ ] we found that the level was constant and the noise was re-
:gg il duced to an acceptable levidfig. 4(c)]. The heat input is
70 P . , smaller than that required to induce the transition to state II.
-90 £ Wy LJ»MW A ] In this state(heated fill line and the level below the
. 1o : critical level in tre 1 K po), the magnitude of the noise
Q ';g o Mﬁ [ below 5 kHz[Fig. 4(c)] was smaller by a few dB compared
= oo Bk AN ITAN W IVANNT to the already quiet partially filled staf€ig. 3(b)]. The ap-
? _38 e R MWW‘MW[’” ] plication of heat to the impedance allowed the pot to main-
2 -90 | (b) ] tain a colder temperaturél.19 K) compared to 1.27 K in
-110 ¢ ] state |, with no heat applied. If more power was appli?
; ] mW) to the impedance the noise level decreased by another
5 dB, and most of the high frequency structure was elimi-
nated, precisely as we found when we heated the fill line
with the pot completely ful[Fig. 4a)]. However, this addi-
-110 r 10 15 5075 tional heat to the fill line had the undesirable effect of de-
Frequency (kHz) stroying the steady state and caused the pot to empty.

, _ , _ We present the following summary. When the pot is full,
FIG. 4. (a) Noise spectrum with 12 mW appliédtate 1). Note that with the

exception of a peak at 500 Hz 30 dB) the entire noise spectrum decreases. T[he Incoming h_e“um IS mJeCted mt(_) the cold “qu'd’ and
(b) Noise spectrum measured at the transition from state | to state)ll. induces the noise. A 12 mW heat input to the impedance

Noise spectrum for helium below the critical level with 7 mW applied to the vaporizes the heliunfevidenced by the decrease in helium

impedance, sufficient to maintain a steady state. The low frequency portio[bvebl Thus, the critical level for the pot is the depth to

f th trum i f B relative to that in Fig). . . .

of the spectrum s reduced by a few dB refative to that in Fig).3 which the fill line extends into the pot. Once the level is less
than the critical levela 7 mWheat input partially vaporizes

W. In thi | tound that the sianal f h the helium, and the net flow is reduced allowing a steady
mW. In this statdstate 1), we found that the signal from the state to be maintained. While the mechanism of noise gen-

vibration detector dropped by two orders of magnitlfi.  eration is beyond the scope of this investigation, we have

4(a)], even if the pot was full. The signal changes very little spown that significant vibrational noise is associated with

as the power across the heater is increased to 27 mW. Hegymping on a full pot. We have also found that this noise can

ing the impedance at lower power had no effect on the charbe virtually eliminated by heating the fill impedaneehich

acteristic noise of the system, and it remained in state |. Witthas the desirable effect of allowing the pot to run colder

the fill line heated, the inflow ofHe decreased because the by directly heating the pot.

applied heat vaporizes some of the liquid. The vapor has a

lower density than the liquid and thus decreases the net

_transport rat_e through the |rr‘1‘pedan_ce:, Wh|ch can be Vlsu.a!&CKNOWLEDGMENTS
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ties. Alternatively if the heat applied to the fill line is reduced °The temperature behavior of the system suggests that the thermal ground
below 12 mW with the pot full. there is a transition back to of the impedance successfully diverted the heat flow away from the 1 K

' o ) pot.
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