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1 Background

This report only gives an account of the cryogenic measurements made during run #10 with
the high-β cavity, equipped with the FPC and the CTS, tested in HNOSS from the 24th of
May to the 27th of June 2018. The modifications, equipment and LHe probe distances are
detailed in [1]. For a detail overview of the RF tests, see [2]. Note that the next run (run #11)
is a continuation of the tests with this cavity.

During this run tests have been mainly done at 30 mbar. After a heater power calibra-
tion, rough Q0 measurements have been obtained via the pressure rise method (or calorimetric
method) and, to a much lesser extent, via the flowmeter as well. All tests during this run have
not been extensive due to lack of time before the arrival of the summer break.

During the complete run, from discussions with CEA we had to make sure of the following:

a) Always have water cooling running on the antenna of the FPC.

b) Keep the temperature close to the ceramic window (TT148) between 320 K and 280 K, and
so run the heaters EH108 with the corresponding power.

2 Key points of this run

a) The warm conditioning of the FPC happened with HNOSS still opened to have a better
cooling. Once the conditioning was finished HNOSS was closed and pumped.
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/22/01.06&pos=2018-06-01T14:44:37]

b) Broke the flowmeter at the outlet of the 2K pumps by exposing the flowmeter to vacuum.
This flowmeter was immediately replaced by another one of the same type.
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/23/07.06&pos=2018-06-07T11:16:01]

c) Many temperature sensors placed around the cavity were giving wrong values when operating
at either 4K or 2K (see Section 3.3). The only difference between this run and past runs has
been that we have used a different type of glue.

d) The filling of the 4K tank degraded over time and it did only improve when FV101 was
opened as well.

e) As in past runs, the 2K tank showed level variations when operating at 4 K (see Section 3.5).

∗rocio.santiago kern@physics.uu.se
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f) The pressure sensors PT102 started giving high values (same with PT103) and the regulation
of valve CV551 was not good. It seems an air plug might have been the cause. Exchanged
then PT102 for PT552 from the 11th to the 18th of June. A liquefier problem during the
weekend made the plug disappeared afterwards and the gauges were put back in their place
and PT102 was used as usual.
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/24/11.06&pos=2018-06-11T08:37:55]

g) The outlet for the table froze because EH131 did not work properly. It turned out the PLC
switched it off in one of the steps in sequence 9.
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/25/19.06&pos=2018-06-19T10:33:27]

Figure 1: Pumpdown curve for run #10 for HNOSS.

3 General Observations

3.1 Pump down curve

After closing HNOSS, the forevacuum pump was switched on and once the pressure was below
1 mbar the turbomolecular pump was started. Figure 1 shows, considering only PT003, that it
took 8h to pump down to 1x10−3 mbar and 17h to 1x10−4mbar from atmospheric pressure.

Table 1: Pumpdown times from several runs for comparison.

Run # Configuration
1x10−3 mbar 1x10−4 mbar

[h] [h]

9 Baseline 7.5 16.5
5 Germaine + Hélène 13 n.a.
6 Germaine + Hélène 13 25
7 Hélène 6 16
8 Romea 7.5 23
10 High-β Elliptical 8 17

When these times are compared to other runs (Table 1) then it can be seen that the initial
time it takes to pump down to 1x10−3 mbar is close to having only one cavity in previous runs
but for reaching 1x10−4 mbar, then it it is more similar to having either a small cavity like
the single spoke or no cavity at all. The reason why this might be so in this case is not yet
understood since for sure the high-β has a greater amount of MLI and longer cryogenic pipes,
also wrapped in MLI, than any other cavity and the cryostat had also been opened for quite
some time between the past run and this one.
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Figure 2: Cooling graph for the thermal shields of both the ICB and HNOSS.

3.2 LN2 shield: cooldown time

The time it takes to cool down HNOSS’ shield from room temperature depends on the chosen
final value. Figure 2 shows the actual cooldown graph. The cooldown seems to have a constant
cooling rate over the temperatures, as opposed to past runs where it was faster above 120 K
and slowed down afterwards. Also, the cooling of the ICB is not much faster than for HNOSS
even though the mass of the ICB is much smaller. This means that the settings for the PRV
valves sitting on the outlet of the LN2 lines for both the ICB and HNOSS are good for this run.

As during last run, oscillations of the temperatures on the ICB shield are still apparent and
not yet understood, but pose no problem for operation. New to this run are those oscillations
seen in HNOSS for a certain part of the shield, but as with the ICB, seem to pose no problem
for operation.

Table 2: Thermal shield cooldown times from several runs for comparison.

Run # Configuration Time [h]

9 Baseline 17.5
5 Germaine + Hélène 25
6 Germaine + Hélène 21.75
7 Hélène 20
8 Romea 21.5
10 High-β Elliptical 20.5

If one considers the shield to be cold when all sensors placed around the LN2 shield (both in
the VB and the cryostat) show a temperature which is less than 120 K, then the time it takes to
cool down HNOSS from room temperature to 120 K is 20.5h. The reason to choose 120 K as the
final temperature is because then we can flow LHe to HNOSS without problems. The reason to
have a final temperature for the shield above 100 K is because the Pt100 thermometers used have
thick cables and thick insulation, so proper thermalization of the wires is not possible to achieve.
In reality, the screen has been at a temperature close to the ICB’s thermal shield temperature,
except for the VB’s top flange TT213, which had the highest temperature throughout the run
since this flange thermalizes all cryogenic valves. Table 2 gives a comparison of the times spent
in cooling the thermal shield for different runs.
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Figure 3: Temperature details for the the high-β cavity with respect to time during cooldown.

3.3 Cavity: cooldown rates

The cooldown curve for this run is shown in Figure 3. From the graph it is obvious that most
of the sensors, except TT118 (sitting at the top of the cavity and next to TT117), do not give
a correct value during either cooling or afterwards. Apart from this, the cooling slope is not
as pronounced as in past runs due to gasbag being full and starting venting to atmosphere.
For this reason, the flow to the gasbag had to be reduced by reducing the opening of the cool-
ing valves CV102 and CV103, which in turn reduced the speed with which the cavity was cooled.

The cooldown rates, considering Tmaxstart=272 K, are:

i) from 272 K ≤ all TTs (except TT125 and TT126) ≤ 50 K → 2.31 K/min

ii) from 150 K ≤ all TTs (except TT125 and TT126) ≤ 50 K → 1.15 K/min

The Q-disease appears when a cavity is not cooled fast enough through the 100 K barrier,
considered to be between 75 K and 150 K. To avoid this disease, the cooling rate must be greater
than 1 K/min, which is what we achieve in any case.

(a) (b)

Figure 4: Status of the temperature sensors after taking the cavity out of HNOSS after run#11
a) TT117, where the copper block came right off and b) the state of the thermalization of a
sensor’s wires onto the cavity.

4



The most reasonable explanation for the false readings of the Cernox sensors on the cavity
is the change of glue, since in past runs the sensors were placed the same way and only a couple
did give wrong readings. For this run the glue used to keep the sensors in place was changed
from Eccobond 286 to Loctite Ablestik 286 blue. The reason for this change was because of a
misunderstanding about Eccobond being discontinued and replaced by Loctite. It turned out
Eccobond would not be discontinued in the near future.

Table 3: Status of each of the sensors placed in the cavity, FPC and CTS checked after run#11.

Sensor Cu block Glued Screwed Taped Detached? Wire Thermalization

TT104 x x No Bad
TT105 x x No Bad
TT115 x x Yes Bad
TT116 x x No Bad
TT117 x x Noa Bad
TT118 x x No Bad
TT125 x x Noa Bad
TT126 x x Noa Bad

TT303 x x No Bad
TT305 x x No Good

TT01x x x Nob Bad
TT02x x x Partially Bad
TT03x x x Nob Good

TT04x x x No Bad
TT05x x No Good
TT06x x No Good

a The copper block came off easily when removing the sensor.
b The copper block did not come off easily when removing the sensor.

Since the cryostat was not fully opened at the end of this run to check the status of the
sensors on the cavity (only to fix the motor cables from the CTS), it is not yet clear if they might
have come loose, but the probability of that having happened are quite small since a couple were
roughly checked through the MLI when HNOSS was opened and they were still fully attached.
After run #11 however, the cavity was taken out and the sensors checked. Table 3 gives an
overview of the situation of the sensors when the MLI was removed, distinguishing from those
sensors placed in copper blocks that would come off easily when removed (Figure 4(a)) and
those that did not. It is important to note as well that almost all wire thermalization was not
properly secured, i.e. the tape used to secure the wiring had come off in many places and the
wires were not in proper contact with any cold surface, as shown in Figure 4(b). The state of
the sensors at the end of run#10 is thus unknown, but everything seems to point to the fact
that both TT125 and TT126 were not properly attached already during the first cooldown.

3.4 Insulation Vacuum in ICB and HNOSS

During the operation of the ICB and HNOSS with LHe it could be seen that a small leak is
present in both systems when operating in continuous mode. During intermittent flow Fig-
ure 5(a) shows that the pressure rise in the ICB appears only once the flow of LHe towards
HNOSS is stopped and the line gets warm, shown by the temperature at the outlet of the ICB
TT500 increasing. This behaviour can thus be attributed to outgassing and cryopumping and
not to a cold leak. It is of note that during intermittent filling of the 2K tank while operating
at 30 mbar there is no leak shown in HNOSS either. During continuous filling however, Fig-
ure 5(b) shows that both the ICB and HNOSS show signs of leak. In both cases (continuous
and intermittent filling) there is also a slight increase in pressure that is continuous and that
appears when the line gets warm (TT500 or TT550 increase), thus it is safe to say that these
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(a)

(b)

Figure 5: Detail of the vacuum levels in both the ICB and HNOSS (at 30 mbar) while in a)
intermittent filling and b) continuous filling for the 4K tank.

come from outgassing. The decrease in pressure for a few hours in the morning of the 16th of
June is not yet understood, since the lines were already cold from continuously filling both tanks.

One thing to note is that the leak in HNOSS is only apparent during continuous filling, and
unfortunately it is not possible to say at this stage for sure where does the leak in HNOSS come
from: if from the valve CV100 that is used to fill the 4K tank or from valve CV105 filling the
2K tank and thus the cavity. One thing to do in the future would be to keep intermittent filling
for the 4K tank and continuous filling for the 2K tank to see if it comes from CV105, or the
other way around, to see if the leak comes from CV100 instead.

In any case, according to the scale these pressure fluctuations are taken care of by the
insulation pumping group and do not seem to affect much the insulation vacuum, but it is
necessary to keep an eye on it since this leak could increase with thermal cycling.

3.5 2K tank filling and level LT101 profile

After the cooldown, it was not possible to keep a level above 25% and the heat load was ca.
33 m3/h. It is thought to be because of several factors: the table and the FPC had not been
cooled at the time and both the 4K and 2K circuits had started to cool at the same time, so
still some heat could wander into the 2K circuit from above. Once some time had passed and
the table, the 4K and 2K circuits were colder, the level increased and the heat load in the 2K
circuit reduced. It reduced even further once the cooling of the FPC was started as well.
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Once the level was restored to the usual values (around 75%) the filling of the cavity and the
2K tank showed big variations in the level LT101 (ca 3%) that did not show in flow FT551/FT552
(Figure 6). This problem was mostly seen when operating the cavity at atmospheric pressure.
At the beginning it was thought that these variations might come from not having the cavity
cold, but all through this run, as soon as the cavity was operated at 4K the variations in level
appeared.

Figure 6: Detail of the big variations in level LT101 encountered from the beginning and while
working at 4K. The decrease in heat flow FT551 once the cooling of the FPC starts is also
visible (TT303, TT147 and TT148 give lower readings).

In past runs this problem was observed but to a higher extent: in those cases the level LT101
showed spikes. Discussions with Jean-Pierre Thermeau revealed that this would be possible if
there is an upward bend in one of the pipes. In this case, since the line has a disruption, at
4K there will be a pocket of gas that would warm up increasing its size until it is displaced by
incoming LHe, starting the process anew. The reason why it happens at 4K and not at 2K is
because at 2K there would be no gas pockets: the superfluid helium fills all the line without
leaving any empty space. For this run the pipe connecting the level probe to the cavity was
exchanged, but it could still be that we still have some bends on this pipe (since they connect
to the lower part of the cavity) and/or that the top pipe connecting the 2K tank to the cavity
has a small inclination upwards.

Figure 7: Trend of the level in the 2K tank and cavity (LT101) calculated and measured at 30
mbar. Note: the level measurement being so low was a one-go since there was not enough LHe
available. Also, the instabilities in the level shown here are not to be taken into consideration.

Wrt the level LT101 profile, although the position of the level probe wrt the cavity was
roughly measured, the profile of the level when it decreases shows the actual profile of the
cryogenic connections and gives a mode accurate description of the different parts and levels.
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Figure 7 shows the actual bends and changes in pipe sizes as the level changes while the details
of the rough calculated values are given in the schematic. From both graphs we can see that the
initial level estimations agree with the actual values: the bottom of the cavity is at a level of
4% while the top is at 28%, the vertical pipe on top of the cavity ends at 56% and the bottom
of the 2K tank starts at 69%. As a side note, if no power is applied to the cavity, a decrease in
level between 80% and 60% takes ca. 2h 30 min.

4 Static Heat Loads

4.1 4K tank static heat loads

Figure 8 gives an idea of the trend for the flow in the 4K tank while it is being filled and when
it is filling the 2K tank as well. Also given is and example of the measured heat loads of the
4K tank, read by FT550, at atmospheric pressure and room temperature. The average can be
calculated as ca. 3.38 m3/h (std dev. 0.8 m3/h), and, as opposed to last run, this time when
the 4K tank is filling the flow is not as high as to saturate the reading.

Figure 8: Example of the heat flow FT550 for the 4K tank during no filling (LT100 and LT101
decreasing), filling (LT100 increasing) and being filled and filling the 2K tank at the same time
(LT101 increasing). The heat loads measured during the period of no filling are also shown.

4.2 2K tank static heat loads

The flowmeters connected to the cavity give the volumetric flow mvol and thus depend on
the measurement conditions, in this case room temperature and atmospheric pressure. Since
they are located after the reheater and the only valve closing the system is the filling valve
(CV104/CV105), the heat load measured comes from several contributions (Figure 9): the 2K
tank, the cavity and all the cryogenic piping in contact with LHe.

The power P dissipated by the 2K tank and the cavity at a certain operating pressure
Pop can be calculated via Equation 1, where ρHe(1 bar, 293 K) is the helium density at room
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Figure 9: Schematic of the connections, when working below atmospheric pressure, between the
cavity and the flowmeter (after the subatmospheric pumps) together with the ScHe circuits.
Marked in red are the valves closed during the calorimetric measurements (see Section 5).

conditions and Lvap(Pop) is helium’s latent heat of vaporization at the operating pressure.

P = mvol · ρHe(1bar, 293K) · Lvap(Pop) (1)

Thus, the volumetric flow given by the flowmeter for 1 W dissipated power at different
operating pressures can be computed by rearranging:

mvol[m
3/h] =

3.6

ρHe(1bar, 293K)[Kg/m3] · Lvap(Pop)[J/g]
=

3.6

0.1664 · Lvap(Pop)[J/g]
(2)

Table 4 gives the reference values for the main operating points obtained via Equation 2.
Even though most of the measurements have been done at 30 mbar, we can consider the scaling
factor for 31 mbar since the effect of such small pressure difference is negligible.

Table 4: Scaling factors for 1W dissipated power at different operating pressures.

Pop [mbar] mvol [m3/h]

31 0.9386
1000 1.0426

During this run, the static cryogenic heat loads given by the flowmeter have been calculated
almost everyday by averaging over time and under the current operating conditions. Thus,
to give a concrete value for the static heat load at a certain operating pressure the flowmeter
measurements need to be weighted and averaged. To calculate the mean value of several groups
Equation 3 is used while for the standard deviation is Equation 4. g is the total number of
groups, n(i) the number of values in each group, N the total number of values, X̄(i) the mean
value of each group, σ(i) the standard deviation of each value and σ the standard deviation of
all the considered values.

X̄ =
1

N

g∑
i=1

n(i) · X̄(i) (3)

σ =

√√√√ 1

N − 1

[ g∑
i=1

σ2(i) · [n(i)− 1] +
g∑

i=1

[
X̄(i)− X̄

]2 · n(i)

]
(4)
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Table 5: List of all heat loads and important sensors measured during this run under different pressure conditions and in chronological order.Reg
[0/1] indicates if the level in the 2K tank has been regulated, and if so, the opening of the valve CV105 is given. Calibration [0/1] indicates if the
data given has been used to obtain a calibration curve of any type.

Pos. P [mbar] Reg CV105 LT101min LT101max Eacc EH103 Heat Load [m3/h] # Meas. Calibration Date
Mean σ [0/1] [%] [%] [%] [MV/m] [W] Mean σ [0/1] [dd/mm]

1 20.02 0.2 1 21 61.4 62.5 0 0 19.2 0.3 5348 0 08/06

2 4* n.a 1 14.5 61.7 62.5 0 0 15.2 0.3 16458 0 09/06

3 36.28* 0.94 1 25.5 60.5 64.2 0 0 23.4 0.4 64746 0 11/06

4 27.64 0.61 1 24.5 58.5 61.3 0 0 20.7 0.3 20078 0 13/06

5 1000 0 0 0 59.3 69.1 0 0 6.9 0.3 1534 0
18/06

6 1000 0 0 0 58.8 69.1 0 0 6.8 0.2 1437 0

7 30 0.01 0 0 78.2 78.7 0 0.96 9.29 0.19 161 1

20/06

8 30.34 0.02 0 0 76.3 77.2 0 0.96 9.33 0.54 305 1
9 30 0 0 0 74.6 74.8 0 1.91 10.37 0.19 85 1
10 30 0.01 0 0 73.5 73.7 0 2.90 11.21 0.25 69 1
11 30 0.01 0 0 72.8 72.9 0 4.66 13.08 0.21 27 1
12 30 0.01 0 0 71.7 72 0 6.63 14.81 0.22 35 1
13 30 0.01 0 0 77.4 78 0 9.95 20.85 0.29 91 1
14 30 0.01 0 0 75.3 76.3 0 11.40 22.31 0.29 150 1
15 30 0.01 0 0 73 73.7 0 14.07 24.03 0.3 98 1

16 30 0 0 0 77.4 78.9 0 0 8.2 0,2 532 1

21/06

17 30 0 0 0 75.2 77.4 0 0 8.1 0,2 935 1
18 30 0 0 0 73.5 74.9 0 0 7.8 0,2 527 1
19 30 0 0 0 72.6 73.2 0 0 7.3 0,3 296 1
20 30 0.05 0 0 71.7 72.6 0 0 6.9 1,6 407 1
21 30 0 0 0 75.1 77.4 0 0 8 0,2 967 0
22 30 0 0 0 73.5 75 0 0 7.7 0,2 557 0
23 30 0 0 0 72.7 73.2 0 0 7.2 0,2 231 0
24 30 0.01 0 0 71.4 72.5 15 0 9.3 0,2 360 0
25 30 0.01 0 0 76.52 76.86 15 0 10 0,3 112 0
26 30 0.01 0 0 74.26 74.77 14 0 9.5 0,3 109 0
27 30 0.01 0 0 72.27 72.67 10 0 8.4 0,3 103 0
28 30 0.01 0 0 73.82 74.6 8 0 8.4 0,3 238 0

*Measured with PT552.
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Table 5: (Continued)

Pos. EH108 EHwindow
aircirc. FT301 [mg/s] FT302 [mg/s] PT300 [mbar] TT303 [K] TT01x TT02x TT03x TT147 TT148

[W] [W] Mean σ Mean σ Mean σ Mean σ [K] [K] [K] [K] [K]

1 30 51 10.10 0.1 5.3 0.1 2965 30.2 22.70 1 7.4 3.1 141.6 146.3 291.4

2 31 51 10.10 0.2 5.3 0.1 1750 33.7 14.50 0.2 7.4 3.0 143.9 148.1 291.8

3 31 51 10.10 0.1 5.3 0.1 2987 83.7 24.10 0.2 7.4 3.2 141.7 146.5 291.5

4 31 51 10.20 0.1 5.3 0 3253 12.5 24.90 0 7.4 3.2 142.3 147.2 291.7

5 35 51 25.02 0.1 5.3 0 1161 13.7 13.6 0.1 7.7 4.7 71.3 90.3 288.1
6 35 51 25.02 0.1 5.3 0 1175 13.9 13.5 0.1 7.7 4.7 71.8 90.6 288.3

7 35 55 25.17 0.04 5.3 0.07 2646 3.3 14.15 0.01 6.92 3.0 71.6 93.1 288.3
8 35 55 25.15 0.09 5.3 0.07 2570 15.4 14.24 0.04 6.93 3.0 71.8 93.4 288.5
9 35 55 25.15 0.06 5.3 0.06 2526 1.8 14.18 0.01 6.94 3.0 72 93.5 288.5
10 35 55 25.16 0.05 5.3 0.05 2461 3.9 13.88 0.17 6.95 3.0 72 93.5 288.5
11 35 55 25.17 0 5.3 0.08 2374 2.4 13.77 0.06 6.94 3.0 72 93.5 288.5
12 35 55 25.17 0 5.3 0.05 2288 6.1 13.70 0.01 6.95 3.0 72 93.5 288.5
13 35 55 25.16 0.04 5.3 0.08 1944 5.9 12.87 0.02 6.96 3.01 71.8 93.3 288.5
14 35 55 25.18 0.04 5.3 0.08 1850 12.8 12.55 0.06 6.96 3.01 71.7 93.3 288.5
15 35 55 25.20 0.1 5.3 0.1 1782 4.7 12.40 0 7 3.0 71.6 93.2 288.3

16 35 51 25.20 0 5.3 0.1 2613 3.3 14.30 0 6.9 3.0 71.8 93.2 288.3
17 35 51 25.02 0.1 5.3 0 2605 3.7 14.20 0 6.9 3.0 72 93.5 288.3
18 35 51 25.02 0.1 5.3 0 2609 6.2 14.20 0 6.9 3.0 72.1 93.5 288.3
19 35 51 25.02 0.1 5.3 0 2617 2.2 14.10 0 6.9 3.0 72.1 93.5 288.3
20 35 51 25.20 0.1 5.3 0.1 2449 103.2 13.40 0,5 6.9 3.0 72 93.5 288.3
21 35 51 25.02 0.1 5.3 0 2603 3 14.20 0 6.9 3.0 72.1 93.5 288.3
22 35 51 25.02 0.1 5.3 0 2610 6.4 14.20 0 6.9 3.0 72 93.5 288.3
23 35 51 25.02 0.1 5.3 0 2617 2 14.10 0 6.9 3.0 72 93.4 288.3
24 35 51 25.02 0.1 5.3 0 2521 3.5 14.20 0 7.0 3.0 73.5 94.9 288.8
25 35 51 25.02 0.1 5.3 0 2522 4 14.30 0 7.0 3.0 74 94.9 289.0
26 35 51 25.02 0.1 5.3 0 2530 3.6 14.30 0 7.0 3.0 73.7 94.8 289.1
27 35 51 25.02 0.1 5.3 0 2540 4.6 14.20 0 7.0 3.0 72.9 94.3 289.0
28 35 51 25.02 0.1 5.3 0 2519 5.4 14.30 0 6.9 3.0 72.3 93.6 288.8

11



4.2.1 At atmospheric pressure

The heat loads of the 2K tank and cavity read by the flowmeter FT552 when working at atmo-
spheric pressure are given in Table 5 in positions 5 and 6. The resulting average static heat load
for the 2K tank plus the cavity at atmospheric pressure amounts to 6.85 m3/h (std dev. 0.26
m3/h) or 6.57 W (std dev. 0.25 W), computed via Equation 3 (Equation 4) with g=2 and the
corresponding scaling factor given in Table 4. Note that for this static heat load at atmospheric
pressure there has been no correction related to level on the 2K tank applied.

The heat loads measured in HNOSS when no cavity was placed inside [3] and the operating
pressure was atmospheric amounted to between 1.34 W (std dev. 0.28 W) and 1.73 W (std dev.
0.28 W), depending on the LHe level. If we take this offset into account, then the actual heat
load of the cavity at atmospheric pressure is then between 4.84 W (std dev. 0.37 W) and
5.23 W (std dev. 0.37 W).

4.2.2 At 30 mbar with CV105 closed

It was observed that, depending on the level of the 2K tank (LT101), the heat loads would vary.
The recorded data, taken from Table 5 positions 16 to 23 and schematically shown in Figure 10,
indicate the different heat loads according to this level. The reason to have such a high error
at the lower end of the level probe is because at this point the regulation of the butterfly valve
would start to oscillate, giving in turn oscillations in the flow, as seen in Figure 11. The reason
for such behaviour has not yet been found, the main issue not being able to identify what is the
initial cause for the oscillation, since when it happens other variables change as well, making it
difficult to determine which one was actually the first to start oscillating.

Figure 10: All calculated static heat loads of the 2K tank plus cavity operating at 30 mbar with
CV105 closed during this run.
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Having different heat loads depending on the level is indeed expected since the more LHe
there is, the more surface that can heat it up and evaporate it. A closer look at the GHe
evaporation wrt to level revealed five different regions with different evaporation rates, given in
Table 6 and marked in blue in Figure 10.

Table 6: Correction factors (static heat loads) of the 2K tank at 30 mbar.

FT551 LT101 # Values
Mean (σ) [m3/h] Mean (σ) [W] Min [%] Max [%]

6.9 (1.6) 7.35 (1.7) 71.39 72.59 407
7.3 (0.3) 7.77 (0.32) 72.6 73.49 296
7.8 (0.2) 8.31 (0.21) 73.5 74.99 527
8.1 (0.2) 8.63 (0.21) 75 77.39 935
8.2 (0.2) 8.74 (0.21) 77.4 78.9 532

This table takes into account the weighted and averaged heat loads at different levels, cal-
culated via Equation 3 and 4 and considering a scaling factor of 0.9414 (Table 4). This table is
the one that will be taken into account later on when calculating the dynamic heat loads since
it represents the corrections for the static heat load.

Figure 11: Example of the oscillations in flow for low values of level LT101.

If we take into account the values for the heat loads at 31 mbar measured when there was
no cavity inside HNOSS [3], the values given in Table 6 have an offset between 0.86 W (std
dev. 0.18 W) and 1.28 W (std dev. 0.18 W) depending on the LHe level. This offset, which
for simplicity purposes can be considered 1 W heat from the system itself at 31 mbar, has not
been taken into account in the rest of the document unless otherwise stated.
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4.3 At 30 mbar with CV105 open

Table 5 positions 1 to 4 give the heat loads measured at different openings of the filling valve
CV105 and at different pressures. Since these pressures are not relevant to the normal operation
of the cavity and no RF measurements while filling the 2K tank in continuous mode have been
made, no further analysis on this topic has been done.

5 Dynamic Heat Loads

The dynamic heat loads, heat loads measured when RF has been applied to the cavity, have been
estimated via two different methods: liquid helium evaporation (measured via the flowmeter
placed after the subatmospheric pumps) and the pressure rise method (or calorimetric method).
The first method is the same method used for calculating static heat loads. The calorimetric
method uses the pressure increase as a function of time when inlet and outlet valves are closed
(red valves in Figure 9) to deduce the power applied. This calculation is done by comparing
the heat dissipated in the cavity with applied RF to the heat dissipated with a heater, where a
known power has been applied and can be used for calibration (see Section 6.2).

Figure 12: Dynamic heat loads measured with the flowmeter under different conditions and in
chronological order.

Table 5 positions 24 to 28 give the heat loads measured with the flow meter FT551 at different
accelerating gradients. Taking into account the correction for the static losses (Table 6) then the
dynamic heat loads can be calculated. These corrections are given in Table 7 and graphically
(in terms of power) in Figure 12. The high error bars for two of the measurements relate to the
corrected value at low liquid Helium levels, as seen in Section 4.2.2. Unfortunately there was
only one attempt at measuring the Q0 of the cavity due to lack of time and amount of liquid
helium available at the time.
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Table 7: Dynamic heat loads and corrections with CV105 closed.

Pos. Eacc FT551 LT101Correction FT551Corrected PDiss. Cav.

[MV/m] Mean (σ) [m3/h] Mean (σ) [m3/h] Mean (σ) [m3/h] Mean (σ) [W]

24 15 9.3 (0.2) 6.9 (1.6) 2.4 (1.61) 2.56 (1.72)
25 15 10 (0.3) 8.1 (0.2) 1.9 (0.36) 2.02 (0.38)
26 14 9.5 (0.3) 7.8 (0.2) 1.7 (0.36) 1.81 (0.38)
27 10 8.4 (0.3) 7.07 (1.25) 1.33 (1.28) 1.42 (1.36)
28 8 8.4 (0.3) 7.8 (0.2) 0.6 (0.36) 0.64 (0.38)

6 Effect of heat power at 30 mbar

In order to calibrate the power applied into the cavity wrt to the evaporated GHe in its current
configuration the heater EH103B, placed on the bottom side of the cavity, was used. The real
value of the heat applied to the cavity was possible to measure via wires connected in parallel
to the heater to measure the actual voltage and current. Note that not all the power applied
to the heaters will go into the cavity (as assumed in what follows) since the heaters are glued
onto a copper plate, so, although a very small part, some of the heat will go in heating up this
plate.

6.1 Romea’s power limit

These tests have been carried out in the next run.

6.2 Heater Calibration with CV105 closed

In these tests, the heat power would be gradually increased via EH103B and the heat loads
measured via the flowmeter and the pressure rise methods. The applied power varied from 1 W
to 15 W and the values obtained are given in Table 5 positions 7 to 15 and an overview in Fig-
ure 13. The FPC was kept throughout the measurements at a temperature of ca. 72 K (TT303).

Figure 13: Overview of the heat calibration tests.

Taking into account the corrections for the static losses (Table 6) and the real applied power
to the heater then the evaporation rates generated by the applied heat can be calculated. These
corrections are given in Table 8 and graphically (in terms of power) in Figure 14. It can be seen
that at low power the applied heat fits well with the measured power evaporated but at higher
powers the deviation is greater. There are two possible reasons for such deviation. One of them
comes from the fact that the system was not left to stabilize after the power had been applied,
some times starting the pressure rise method measurement before even one minute had passed.
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Another reason is that the correction factors measured for the level might be on the high side,
giving an offset.

Table 8: Corrected heat loads depending on the power applied across the heater at 30 mbar
with CV105 closed.

Pos. EH103Real FT551 LT101Correction FT551Corrected PDiss. Cav.

[W] Mean (σ) [m3/h] Mean (σ) [m3/h] Mean (σ) [m3/h] Mean (σ) [W]

7 0.96 9.29 (0.19) 8.20 (0.20) 1.09 (0.28) 1.16 (0.30)
8 0.96 9.33 (0.54) 8.14 (0.21) 1.19 (0.58) 1.27 (0.62)
9 1.91 10.37 (0.19) 8.14 (0.21) 2.23 (0.28) 2.38 (0.30)
10 2.90 11.21 (0.25) 8.14 (0.21) 3.07 (0.32) 3.27 (0.34)
11 4.66 13.08 (0.21) 8.14 (0.21) 4.94 (0.29) 5.26 (0.31)
12 6.63 14.81 (0.22) 8.14 (0.21) 6.67 (0.30) 7.11 (0.32)
13 9.95 20.85 (0.29) 8.20 (0.20) 12.65 (0.35) 13.48 (0.37)
14 11.40 22.31 (0.29) 8.14 (0.21) 14.17 (0.36) 15.10 (0.38)
15 14.07 24.03 (0.30) 8.14 (0.21) 15.89 (0.36) 16.93 (0.38)

The calibration curve of the power applied to the heater wrt to the evaporation is then given
by

FT551Corr. [m
3/h] = 1.195 · EHCorr. [W ]− 0.2189 (R2 = 0.9874;σ = 0.700m3/h) (5)

or in terms of power dissipated in the cavity by

Pdissip. [W ] = 1.273 · EHCorr. [W ]− 0.2326 (R2 = 0.9874;σ = 0.958W ) (6)

Where in both cases the standard deviation σ of the fitting curve has been calculated via

σ =

√√√√ 1

N − 2
·

N∑
i=1

[YObserved(i)− YFitted(i)]2 (7)

7 Fundamental Power Coupler Cooling

The cooling for the FPC has to deal, apart from heat-in leaks via conduction from the room
temperature flange, with the heat from the heaters EH108 placed on the flange and the heated
air forced through the ceramic cooling channel to prevent condensation on the flange. According
to the data from CEA [4], the flow to the FPC at ESS will be 25 mg/s at 4.5 K and 3 bara.
During these tests a flow of 25 mg/s, an inlet temperature of 14 K and a pressure varying be-
tween 1 and 3 bara were kept. The reason for not going lower in inlet temperature was because
this setup was found to be stable during the tests. The settings for the heaters EH108 during
the tests ranged from 30 W to 35 W and the forced heated air flow were at ca. 51 W. All this
to keep a temperature above 280 K in the flange.

From Table 5, it can be seen that for an operating pressure of 30 mbar, during the complete
run the temperature of the FPC at different locations has remained constant, i.e. ca. 72.5 K
around the center of the FPC (TT03x) and 7 K (TT01x) and 3 K (TT02x) close to the interface
with the cavity. If one takes into account the status of the sensors when they were removed after
run #11 (Table 3), then the values given by TT02x might not be correct since this temperature
sensor was found to be partially glued. But then again, if this sensor was already like this at
this stage of the tests is not possible to know.
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Figure 14: Power dissipated in the cavity wrt applied heater power through EH103B. The
corresponding linear fit is also shown.

8 Cold Tuning System Cooling

The cooling of the CTS was done by pure conduction between the assembled parts since no
copper braids were used to thermalize it to the cavity. Once the cavity was kept at ca. 30 mbar
the temperatures of the three sensors placed in the CTS maintained quite a stable temperature,
i.e. ca. 43 K on average for the top and the lower bars (TT04x and TT05x respectively) and 110
K at the motor’s side (TT06x). And again, if one takes into account the status of the sensors
when they were removed after run #11 (Table 3), then at least the values given by TT05x and
TT06x can be considered to be reliable.

Note that no tests with the CTS could be performed in this run since it was not possible
to establish communication with the motor. Once the cryostat was opened after this run it
was seen that the lemo connector used to connect the motor to HNOSS’ feedthrough was not
working properly: by moving the connector a small fraction the connection came and went.

9 Table Cooling

The table supporting the cavity has been cooled by flowing 4K helium from the 4K tank through
valve CV101. In order to keep the table cold but not drain the available liquid helium to cool
it the valve CV101 was fixed to an opening of 15%.

Figure 15 gives an overview of the temperature of the table at different positions. The
main thing to note is that the inlet of the table was kept at ca. 5 K and the outlet at 20 K.
The increase in temperature almost at teh end of teh run was due to a liquefier problem (see
Section 11) and the ripples seen at the outlet, and that propagate to a lesser extent to the rest
of the table, come from the temporary operation of the heater that warms up the gas before it
leaves the cryostat.
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One thing to improve next time this table is used is to isolate it by wrapping it in MLI and
using copper braids to thermalize better the inner arms of the frame. The rise in temperature
at the end of the run is due to a liquefier problem, see Section 11.

Figure 15: Overview of the temperatures reached for the table during this run.

10 Warmup

From the very beginning of the warm-up, the pressure inside the cavity increased up to low 10−6

mbar. The recorded pressures for the cavity and the FPC, together with the actual temperature
of the cavity are given in Figure 16. The first increase in pressure happened once there was no
liquid left in the cavity and the second increase might have happened once the thermal shield
started to go up in temperature.

Figure 16: Vacuum levels of both at the cavity and the FPC sides plus the temperature of the
cavity at the beginning of the warm-up.

The system was left to warm-up by itself (no active heating of the system) for three days
before stopping the pumping in the insulation vacuum. The temperature reached at that time
was ca. 185 K for the cavity and ca. 200 K for the CTS. Afterwards the system was vented and
room temperature reached.

18



11 Temperature Overview

Figure 17 gives the temperatures reached by the cavity during this run. One of the main things
to see in this graph is that the temperature sensors agree in their readings until they reach 120
K, then the values for TT125 and TT126 start to scatter, and for temperatures below 20 K all
sensors except TT118 give improbably high readings. The suspected reason was the change in
glue, as already mentioned in Section 3.3, and the status of the sensors after taking out the
cavity at the end of run #11 (Table 3) showed a problem with the glue and the thermalization
of the wires.

This aside, the cavity has been kept cold during all this run except for almost at the end,
where the rise in temperature on the night from the 17th to the 18th of June was due to a trip
in the liquefier, so there was no LHe available and afterwards there was an increase in the LN2
shield’s temperature. The discontinuity and slight increase in temperature after cooldown is
due to checking of the sensors and not to actual cryogenic changes in the system.

Figure 17: Overview of the temperature during run #10 for the High-Beta Cavity ESS086-P01
equipped with FPC and CTS.

12 Conclusion

Even though several cryogenic problems were encountered when testing this cavity, the general
cryogenic performance of this cavity was very good, i.e. a maximum dynamic heat load of ca.
2.5 W at 15 MV/m.

The main problems encountered were the temperature sensors not giving proper readings
(except for TT118), not being able to regulate the level in the 2K tank, thus the cavity was not
filled continuously but intermittently and last the oscillations found in the flow FT551 when
the liquid helium level was below 72%.
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