
FREIA Report 2018/06
FREIA Memo 2018-04-M

November 2018

Department of 
Physics and Astronomy
Uppsala University
P.O. Box 516
SE – 751 20 Uppsala
Sweden

Papers in the FREIA Report Series are published on internet in PDF- formats.

Download from http://uu.diva-portal.org

Cryogenic Synopsis from the 

Testing of the Fully Equipped ESS’ 

High β Cavity ESS086-P01

(Part II)

DEPARTMENT OF PHYSICS AND ASTRONOMY
UPPSALA UNIVERSITY

R. Santiago Kern, K. Gajewski, L. Hermansson, 

M. Jobs, H. Li, T. Lofnes, R. Ruber

FREIA, Department of Physics and Astronomy, 

Uppsala University, Sweden



Uppsala University
FREIA

FREIA Memo number 2018-04-M

November 13, 2018

Synopsis for Run 11 (High-β Elliptical ESS086-P01)

R. Santiago Kern∗, K. Gajewski, L. Hermansson, M. Jobs, H. Li, T. Lofnes, R. Ruber

1 Background

This report only gives an account of the cryogenic measurements made during run #11 with the
high-β cavity, equipped with the fundamental power coupler (FPC) and the cold tuning system
(CTS), tested in HNOSS from the 28th of June to the 11th of September 2018. The
modifications, equipment and LHe probe distances are detailed in [1]. For a detail overview
of the RF tests, see [2]. Note that this run is a continuation of the tests from the past run
(run #10).

Note that even though HNOSS was closed already in June, it was not until mid August that
the cooldown sequences were started. During this run tests have been mainly done at 31 mbar.
After a heater power calibration, Q0 measurements have been obtained via the pressure rise
method (or calorimetric method) and, to a much lesser extent, via the flowmeter as well. Also,
there has been an attempt at measuring the maximum power that the cavity can sustain.

During the complete run, and from discussions with CEA, we made sure to always have
water cooling running on the antenna of the FPC and to 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) In this run there has been no warm conditioning of the FPC since it was already done last
run (run #10).
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/34/22.08&pos=2018-08-22T07:35:06]

b) the cooling of the LN2 shields was not continuous due to problems with the insulation
vacuum, see Section 3.2.

c) The filling of the 4K tank degraded over time ad it was only possible to fill if the bypass
valve FV101 was kept open (see Section 4.1). This led to having an empty 4K tank on the
night from the 16th to the 17th of August (see Section 4.1).
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/33/17.08&pos=2018-08-17T08:05:18]

d) The pressure sensor PT102 (and PT103) gave wrong readings on the 22nd of August that
led to the change from this sensor to PT552 for regulation purposes until the end of the run
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(see end of Section 4.2).
[http://freia.physics.uu.se/FREIAelog/show.jsp?dir=/2018/34/22.08&pos=2018-08-22T07:35:06]

3 General Observations

3.1 Pump down curve

After closing HNOSS, only the forevacuum pump was switched on until after the summer break.
The reason not to have switched on the turbomolecular pump as well was that, outside FREIA,
there was construction work bringing steel walls into the earth for the new building, which were
giving quite some vibrations inside the hall. After the summer break, the turbomolecular pump
was then switched on but several problems with the forevacuum pump’s bearings (which led to
exchanging it for another one in August) made not possible to get an estimation of the pumping
time for this run.

Figure 1: Pumpdown curve for run #11 for HNOSS.

Figure 1 shows the vacuum in HNOSS and the ICB during this time. The slight increase
in pressure during the summer break might have come from when the bearings on the forevac-
uum pump started to give problems. The ICB had also only the forevacuum pump running
during the summer break, and afterwards the turbomolecular pump was switched on. The first
increase in pressure in both the ICB and HNOSS was due to a power cut in the bunker, most
probably generated by HNOSS’ forevacuum pump drawing too much current because of the
problem with its bearings, while the second pressure increase was from when the forevacuum
pump for HNOSS was exchanged and the pumping temporarily stopped.

For the sake of completeness Table 1 gives a comparison of the pumpdown times for all runs
starting at atmospheric pressure.

Table 1: Pumpdown times from several runs for comparison (n.a. means not available).

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
11 High-β Elliptical n.a. n.a.

2



3.2 LN2 shield: cooldown time

The cooldown curves for the thermal shields of both HNOSS and ICB are shown in Figure 2
together with the insulation vacuum of HNOSS. The first thing to notice is that the cooling
of HNOSS’ thermal shield has not been as continuous as usual, the reason being the problems
had with the forevacuum pump as discussed in Section 3.1. The first plateau appears when the
insulation pumping was stopped during the night. During that time the pressure went from
1.5x10−5 mbar to 5x10−2 mbar, making it difficult to keep LN2 in the cooling pipes to cool
the shields. The second plateau happened when the pumping was stopped for a short while
to change the insulation forevacuum pump. The pressure then went from 1.1x10−5 mbar to
4.7x10−3. In both cases, it is interesting to see how the cooling resumes once the pressure in
the insulation vacuum is below 10−3 mbar.

Figure 2: Cooling graph for the thermal shields of both the ICB and HNOSS together with the
insulating vacuum readings for HNOSS.

The reason for the cooling of the pink line (TT216B) not being affected by the insulation
vacuum is because this temperature sensor is placed at the inlet of the cooling pipe going
into HNOSS. The ripples shown by the red (TT214A), middle green (TT214B) and dark red
(TT216D) lines may be caused by the pressure change at the outlet of these pipes from the
action of the heaters.

Due to the circumstances, it is not possible to give an estimation of the cooling times for the
thermal shield during this run, although for sake of completeness Table 2 gives a comparison of
the times spent in cooling the thermal shield for several runs.

Table 2: Thermal shield cooldown times from several runs for comparison (n.a. means not
available).

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
11 High-β Elliptical n.a.
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3.3 Cavity: cooldown rates

The cooldown curve for this run is shown in Figure 3. As in the past run (run #10), 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 steeper than before, it being due to starting the cooling with an empty
gasbag.

Figure 3: Temperature details for the the high-β cavity wrt time during cooldown.

Since HNOSS’ thermal shield was cold for a couple of weeks before starting the cooldown
of the cavity, the initial temperature of the high-β was 210 K. The cooldown rates, considering
Tmaxstart=210 K, are then

i) from 210 K ≤ all TTs (except TT125 and TT126) ≤ 50 K → 2.96 K/min

ii) from 150 K ≤ all TTs (considering only TT104, TT117 and TT118) ≤ 50 K → 2 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 half of what was achieved in either case.

(a) (b)

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

Once the cryostat was opened after this run, 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,
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distinguishing from those sensors placed on copper blocks that would come off easily when
removed (Figure 4(a)) and those that were still properly attached. 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 beginning of run #11 is
unknown since they were already in place since run #10, but a comparison of both cooldown
graphs reveals that, for this run, the only sensors giving sensible readings were TT104, TT117
and TT118, which means that the performance of TT105, TT115 and TT116 was already
degraded during run #10.

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

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.

As postulated in the past run, 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
using the same procedure 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.
Regarding the thermalization, the only reasonable cause is that the surface of the titanium
tank was rougher than in other cavities and the tape did not succeed in sticking to it for longer
periods and/or cycles. The thermalization of the sensors’ wires will have to be improved for
future cavities with such rough surfaces.

3.4 Insulation Vacuum in ICB and HNOSS

As opposed to last run, during the operation of the ICB and HNOSS with LHe no cold leak
could be found during this run while working in intermittent mode. Figure 5 shows that the
pressure rise in the ICB appears when the line gets warm, i.e. there is no flow of cryogens to-
wards HNOSS (TT500 or TT100 increasing). As soon as the flow starts and the line gets colder
a certain degree of cryopumping takes place and the insulation vacuum of the ICB improves a
little bit. All this points towards outgassing taking place when the lines get warm, but no leaks
to speak of in the ICB.
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Figure 5: Detail of the vacuum levels in both the ICB and HNOSS (at 31 mbar) while in
intermittent filling for both tanks.

Regarding HNOSS, the insulation vacuum shows some variations at different points in time
and at different levels for the 2K tank. These pressure variations which appear only when the
line is warm, although not fully understood, pose no problem for normal operation. During last
run it was seen that there was a leak when operating in continuous mode for the 2K tank at
31 mbar. In this run, there has been no attempt to run in continuous mode, mainly because of
the problems derived from PT102 (see end of Section 4.2), and thus it has not been checked if
the leak is still visible, and/or has increased.

3.5 2K tank filling and level LT101 profile

As observed in the last run, the filling of the cavity and the 2K tank showed big variations in
the level LT101 (ca 3%) that did not show in the 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. Once the system
spent sometime at 2K, the level variations disappeared. The flow reduces over time due to the
fact that the cavity, the table and the FPC had only been cold for one day.

Figure 6: Development of the level variations in LT101 when operating at 4K (PT101 at 1000
mbar) and when at 2K (PT102 at 31 mbar). The decrease in heat flow FT551 once the cooling
of the FPC starts is also visible (TT303, TT147 and TT148 give lower readings).

In runs done before #10, 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
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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. Already from last run (run#10), 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) at 31 mbar calculated and
measured.

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.
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 estimation for the position of the bottom of the 2K tank agrees with the actual
value: the bottom of the 2K tank starts at 68%. No more points have been checked since during
this run the level was kept above 60% while operating at 31 mbar, but since there has been no
changes in piping between the last run and this one, it is safe to assume that the estimations
agree with the observations, as shown in the last report [3]. 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(a) 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. 3.41 m3/h (std dev. 0.45 m3/h), and it is of note that in this run there
is saturation of the flow when the 4K tank fills. This did not happened in the last run, and it
might come from taconism. The presence of taconism can be seen when, on the night between
the 16th and 17th of August, the 4K tank did not manage to fill. In this case the bypass valve
FV101 had to be kept open (almost already from the beginning of the run) to be able to fill the
4K tank, as shown in Figure 8(b). Having an empty 4K tank did not pose a problem for the
2K tank since whatever liquid helium was entering the 4K tank went to the cavity. Why there
is taconism in this run and not in the previous one is not yet clear.
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(a)

(b)

Figure 8: a) Example of the heat flow FT550 for the 4K tank during no filling (LT100 and
LT101 decreasing) and filling (LT100 increasing). The heat loads measured during the period
of no filling are also shown and b) detail of the degradation of the filling rate for the 4K tank
(LT101) with FV101 closed and its improvement once it was kept opened.

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

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

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.
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. For the
static heat loads at 31 mbar with CV105 closed (no continuous filling of the 2K tank) several
curves have been used to calculate the correction factors according to level for comparison
purposes.

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

Pop [mbar] mvol [m3/h]

31 0.9386
1000 1.0426

Note on issue with PT102:
On the morning of the 22nd of August the 2K tank plus cavity were empty even though the 4K
tank had liquid helium available and filled itself as usual during the night. A thorough check
revealed that on the prior afternoon PT102 (and the spare pressure sensor PT103, of a differ-
ent type but with the same range) started recording small pressure oscillations while PT552
(placed at the outlet of the reheater and with the same range as PT102) started recording much
higher pressure oscillations from around 14:00h (Figure 10(a)) with a short-lived peak at ca.
15:00h. The system slightly recover afterwards until at 17:30h a higher and continuous increase
in pressure happened, which subsided again later once the 2K tank filled. Unfortunately, this
pressure difference between PT102 and PT552 went unnoticed until the next day. The tests
done this day were tuning of the regulation parameters for the regulation valve CV551 to reduce
the error in PT102 and the tuning sensitivity of the CTS during the morning while the cold
conditioning of the FPC started at 14:45h and finished at around 18:10h that day. The system
kept oscillating until the morning after, once it was seen that there was no liquid helium left in
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the 2K tank and cavity (Figure 10(b)) and steps were taken to bring the system to a stable state.

(a)

(b)

Figure 10: Overview of the behaviour of the related equipment during the night leading to the
problem with PT102 a) the day before and b) during the night.

The pressure in the cavity is regulated via CV551 through PT102: when the pressure is
lower than the set pressure (31 mbar) CV551 closes to increase it and it opens if the pressure
is higher than the set pressure. During the afternoon, even though it is clear that the pressure
read by PT102 is lower than the actual value (since it is read also by PT551 for the high range
and PT552 for the low range), CV551 regulated as usual since PT102 still deviated from the
set pressure and the 2K tank plus cavity managed to fill.

During the night however, at ca. 21:00h the pressure sensor PT102 started to read again
a different pressure than in reality, but in this case it was much lower than the set pressure.
Reading that PT102 was low CV551 closed, which led to a pressure increase in the 2K tank
and cavity up to 1.5 bara (as indicated by PT551) that made the safety valve after the reheater
(SV551) open. Once the level of liquid helium was low enough and the 2K tank needed to fill,
CV105 opened and the excess pressure went through this valve, i.e. the pressure in the tank
went from 1.5 bara to 1.2 bara (the pressure in the 4K tank) by flowing backwards through
CV105. This is also shown by the flow through FT550 (for the 4K tank) increasing as soon as
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CV105 opened and explains why the 2K tank and cavity did not manage to fill: there was no
pressure drop between both tanks. Once PT102 (and PT103) finally recorded an increase in
pressure CV551 opened, but since the pressure given by PT102 was still not correct, the system
oscillated between 20 mbar and 34 mbar depending on the opening of CV551.

According to the graph, the trend for PT102 is the same as for PT103, so whatever the
problem was it is reasonable to assume it has to do with the pipe line connecting the 2K tank
to the pressure sensors outside HNOSS. It is thought that a plug in this pipe could not have
been the cause since in that case the volume of helium gas trapped between the sensors and
the plug would have warmed up and expanded, increasing the pressure in that section much
faster than the 8h it actually took for PT102 and PT103 to register a pressure increase. The
data collected shows that whatever happened to the system allowed for a lower pressure on the
pressure sensor’s pipe and a much higher pressure on the cavity side for hours.

Figure 11: Overview of the temperature of the cavity during the night leading to the problems
with PT102, among other sensors.

During this hiccup, since there was no liquid helium on the cavity the temperature rose up
to 22 K (TT118), as seen in Figure 11, the steepest increase happening 30 minutes after all
the liquid helium was evaporated. The temperature decreased again once CV551 opened, after
PT102 (and PT103) registered a pressure increase.

It is important to mention that the pressure oscillations and the high pressure increase
during the night happened with the CTS in contact with the cavity. Since it was not possible
to fill the system at 2K in the state it was in, the helium pumping on the cavity was stopped
as soon as the motor had been disengaged from the cavity. Once the cavity was at 4 K and the
system filled with liquid helium and stable, the pressure sensor regulating the valve CV551 was
changed to PT552, the pumping to lower the temperature to 2 K re-started and the motor and
piezos engaged again once the cavity was stable at 2 K.

4.2.1 At atmospheric pressure

The heat load of the 2K tank and cavity read by the flowmeter FT552 when working at at-
mospheric pressure is given in Table 5 in position 9, which in terms of power gives 6.7 W (std
dev. 0.4 W). Since there has only been one reading there is not enough values to actually give
an estimation of the heat loads of the 2K tank plus cavity at atmospheric pressure. The main
reason is that since the system has been kept at 2 K for as long as possible, the times when the
cavity was at 4 K were either at the very beginning, thus the cavity and the system were not in
a steady state, or at the very end, where the system was left to warm up by itself, so conditions
such as the cooling of the table or the FPC were not kept.
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The heat loads measured in HNOSS when no cavity was placed inside [4] and the operating
pressure was atmospheric amounted to between 1.3 W (std dev. 0.3 W) and 1.7 W (std dev.
0.3 W), depending on the LHe level. If we take this offset into account, then a very rough
estimation of the actual heat load of the cavity at atmospheric pressure is then between 5.3 W
(std dev. 0.5 W) and 5.7 W (std dev. 0.5 W).

4.2.2 At 31 mbar with CV105 closed with measured values for the correction
factors

From past experience it was observed that, depending on the level of the 2K tank (LT101),
the heat loads would vary. Having different heat loads depending on the level is indeed ex-
pected since the more LHe there is, the more surface that can heat it up and evaporate it. The
recorded data, taken from Table 5 positions 1 to 8, 10 to 19 and 29 and schematically shown in
Figure 12, indicate the different heat loads according to this level. This graph actually shows
several things, one of them being that it is important to measure the heat loads when the system
has been cold for some time. This can be seen from the decrease in heat loads from one day to
the next (black and blue curves).

Another observation is that the regulation of the pressure in the cavity with PT552 is not
very accurate. Since we had the problem with PT102 (placed on the 2K tank) and had to
regulate the pressure with PT552 (see end of Section 4.2), which is placed after the reheater
and close to the regulating valve CV551 (far away from the cavity itself), the regulation did not
work very well: it is difficult for the valve to keep a constant pressure when the gauge is so close
to the controller. Pressure fluctuations translate into valve oscillations that in turn give flow
oscillations, making it difficult to get accurate heat load measurements and thus giving large
error bars, as shown by the red curve. An example of these fluctuations is given in Figure 13.

Figure 12: All calculated static heat loads of the 2K tank plus cavity operating at 31 mbar with
CV105 closed during this run.

The last thing to notice is that if a fixed opening for the regulating valve CV551 is kept, in
order to reduce the oscillations but still get a sensible reading (pink curve), the error bars are
reduced but then the heat loads might not be very accurate. The reason is that since, for a
standard heat load measurement of some minutes, the pressure will either slightly increase or
decrease, so the mass flow of helium gas that leaves the system can be forced and the value not
accurate.
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Table 5: List of all heat loads and important sensors measured during this run under different pressure conditions, with no regulation for the
liquid helium level (CV105 closed) unless filling is ongoing and in chronological order. Reg [0/1] indicates if the pressure in the 2K tank has been
regulated (1) or the valve CV551 has been fixed (0) to a certain opening (%). Calibration [0/1] indicates if the data given has been used to obtain
a calibration curve of any type.

Pos. P [mbar] Reg CV551 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 31 0.02 1 - 75.0 77.4 0 0 10.00 0.23 774 0

16/08
2 31 0.02 1 - 73.0 75.0 0 0 9.72 0.24 574 0
3 31 0.02 1 - 72.3 73.0 0 0 9.35 0.36 428 0
4 31 0.1 1 - 69.5 72.0 0 0 8.54 0.56 657 0

5 31 0.01 1 - 75.0 77.4 0 0 9.2 0.2 846 1

17/08
6 31 0.01 1 - 73.0 75.0 0 0 8.9 0.2 673 1
7 31 0.02 1 - 72.0 73.0 0 0 8.6 0.2 385 1
8 31 0.06 1 - 69.6 72.0 0 0 7.7 0.5 861 1

22nd August: PT102 failure. Exchanged reading from PT102 to PT552.

9 1008 0.6 1 - 62.0 78.8 0 0 7.0 0.4 3456 0 23/08

10 31 0.32 1 - 71.5 77.0 0 0 8.0 1.1 2037 0 24/08

11 31 0.31 1 - 72.7 76.7 0 0 7.8 0.7 1571 0 27/08

12 31 0.32 1 - 73.1 75.8 0 0 7.7 1.0 1054 0 28/08

13 31 0.32 1 - 73.2 77.1 0 0 7.8 0.9 1501 0

29/08
14 31.03 0.32 0 13 75.7 76.3 0 0 7.5 0.2 197 0
15 31.04 0.28 0 13.5 70.0 70.4 0 0 8.4 0.2 90 0
16 30.94 0.41 1 - 76.1 78.5 0 0 8.4 0.8 811 0
17 30.99 0.26 1 - 73.0 74.6 0 0 7.0 1.6 461 0

18 30.99 0.31 1 - 71.4 77.1 0 0 7.7 1.0 2195 0 30/08

19 31 0.33 1 - 72.3 78.4 0 0 7.8 1.0 2272 0

31/08

20 30.82 0.3 0 13 71.4 71.7 7.7 0 8.0 0.2 89 0
21 31.11 0.38 0 13.2 76.4 76.6 8.6 0 8.3 0.2 76 0
22 31 0.37 0 13 75.0 75.2 8.6 0 8.2 0.2 86 0
23 31.4 0.45 0 13 78.0 78.2 8.6 0 8.2 0.2 52 0
24 30.99 0.42 0 14 76.6 76.8 10.5 0 9.7 0.2 72 0
25 31.25 0.48 0 14 77.2 77.8 10.5 0 9.6 0.2 69 0
26 30.97 0.53 0 15.5 76.8 77.1 12.9 0 11.5 0.2 72 0
27 31.24 0.49 0 15.5 75.5 75.8 14.1 0 11.7 0.2 75 0
28 31.27 0.53 0 16 76.6 77.0 14.1 0 12.5 0.2 73 0

29 31.1 0.36 0 13.5 75.7 78.6 0 0 8.1 0.2 984 0 03/09
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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 35 42 25.16 0.05 5.29 0.05 2890 4.3 14.41 0.01 7.3 4.7 70.8 95.1 286.8
2 35 42 25.16 0.06 5.29 0.06 2894 4.6 14.42 0.02 7.3 4.7 71.0 95.4 286.8
3 35 42 25.16 0.07 5.29 0.07 2897 9.7 14.39 0.03 7.3 4.7 71.0 95.5 286.8
4 35 42 25.14 0.09 5.29 0.07 2872 19.6 14.24 0.09 7.3 4.7 70.9 95.4 286.9

5 35 50 25.2 0.1 5.3 0.1 2786 4.4 14.5 0 7.3 4.7 70.9 95.1 286.4
6 35 50 25.1 0.1 5.3 0 2781 3.8 14.4 0 7.3 4.7 70.8 95.1 286.4
7 35 50 25.1 0.1 5.3 0 2775 3.7 14.4 0 7.3 4.7 70.8 95.0 286.4
8 35 50 25.2 0.1 5.3 0 2757 51.6 14.3 0.2 7.3 4.7 70.8 95.0 286.4

22nd August: PT102 failure. Exchanged reading to PT102 for PT552.

9 35 50 25.2 0 5.3 0 2600 53.6 13.2 0.1 8.4 6.1 70.0 95.8 287.3

10 35 50 25.1 0.1 5.3 0.1 1870 28.2 14.9 0.3 7.5 4.9 71.8 97.0 287.3

11 35 50 25.2 0.1 5.3 0.1 2452 29.4 14.5 0.1 7.5 4.9 71.4 96.3 286.9

12 35 50 25.2 0.1 5.3 0.1 2403 32.5 14.5 0.1 7.5 4.9 71.1 96.4 286.8

13 35 50 25.2 0.1 5.3 0.1 2374 32.9 14.6 0.1 7.5 4.9 71.3 96.4 286.8
14 35 50 25.1 0.1 5.3 0 2393 5.1 14.6 0.1 7.5 4.9 71.1 96.3 286.9
15 35 50 25.1 0.1 5.3 0 2190 6.6 13.8 0.2 7.5 4.9 71.0 96.7 287.1
16 35 50 25.2 0.1 5.3 0 1973 29.9 15.1 0.1 7.5 4.9 71.1 96.1 286.7
17 35 50 25.1 0.1 5.3 0.1 2391 78.4 13.2 0.5 7.5 4.9 70.6 96.0 286.6

18 35 50 25.2 0.1 5.3 0.1 1986 24.2 14.8 0.3 7.5 4.9 71.2 96.1 286.9

19 35 50 25.2 0.1 5.3 0.1 2438 34.7 14.6 0.2 7.5 4.9 71.2 96.3 287.1
20 35 50 25.2 0 5.3 0.1 2377 2.9 14.5 0 7.5 4.9 72.1 97.2 287.8
21 35 50 25.1 0.1 5.3 0.1 2415 11.2 14.6 0.1 7.5 4.9 72.6 97.4 287.8
22 35 50 25.1 0.1 5.3 0.1 2400 5 14.6 0.1 7.5 4.9 72.7 97.7 287.8
23 35 50 25.1 0.1 5.3 0.1 2422 11.2 14.5 0 7.5 4.9 72.2 97.3 287.8
24 35 50 25.2 0.1 5.3 0.1 2330 3.1 14.7 0.1 7.5 4.9 72.8 97.6 287.8
25 35 50 25.1 0.1 5.3 0.1 2338 13.5 14.4 0.1 7.5 4.9 73.0 97.8 288.0
26 35 50 25.1 0.1 5.3 0 2235 8.6 14.3 0.1 7.5 4.9 73.5 98.1 287.9
27 35 50 25.2 0.1 5.3 0.1 2233 4.7 14.4 0.1 7.5 4.9 74.4 98.7 287.9
28 35 50 25.2 0.1 5.3 0.1 2155 19.9 13.9 0.2 7.5 4.9 73.9 99.5 288.0

29 35 50 25.2 0.1 5.3 0.1 2358 9.7 14.6 0 7.5 4.9 71.0 95.8 286.8
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Figure 13: Example of the flow FT551 and pressure PT552 fluctuations during heat load mea-
surements.

In order to get a baseline for the heat loads at 31 mbar depending on the level, the data
provided in Table 5 positions 5 to 8 (blue curve in Figure 12) and given in Table 6 has been
chosen here.

Table 6: Correction factors (static heat loads) of the 2K tank at 31 mbar.

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

5 9.2 (0.2) 9.8 (0.2) 75.0 77.4 846
6 8.9 (0.2) 9.5 (0.2) 73.0 75.0 673
7 8.6 (0.2) 9.2 (0.2) 72.0 73.0 385
8 7.7 (0.5) 8.2 (0.5) 69.6 72.0 861

If we take into account the values for the heat loads at 31 mbar measured when there was
no cavity inside HNOSS [4], 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.

4.2.3 At 31 mbar with CV105 closed with fitted curve values for the correction
factors

Since it was seen in the previous section that the values obtained for the static heat loads would
vary depending on how long the system has been able to cool down, the correction factors for
the static heat loads according to the liquid helium level have also been calculated if a fitted
curve is used. In this case, the points of interest are those represented in red in Figure 12, the
main reason being that these points were measured at a later stage and thus might be closer to
the real static heat loads given by the cavity. Note that for the calculation of the fitted curve
only the actual points have been considered, i.e. the error bars associated to each point have
been neglected since otherwise almost any curve would fit these points because of the error bars
being so big. In this case Figure 14 provides the same information as Figure 12 but with the
added calibration curve and its equation

FT551 [m3/h] = 0.1909 xLT101[%]− 6.441 (σ = 0.1526) (3)
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Figure 14: All calculated static heat loads of the 2K tank plus cavity operating at 31 mbar with
CV105 closed and the fitted curve (in red) used for calculating the correction factors according
to level.

4.2.4 At 31 mbar with CV105 closed with values from run#10 for the correction
factors

Since the static heat loads were measured for the same cavity in the same configuration already
in the last run (run #10), it is of interest to use the correction factors according to level that
were measured then. These are given in Table 7, and even though those values were calculated
at 30 mbar, the pressure difference of 1 mbar has been considered negligible here. The reason
for the high error bars at a low liquid helium level was because of the oscillations that happened
at that point [3]. Figure 15 shows these correction factors (blue points) and gives an overview
of their value wrt the values measured in this run.

Table 7: Correction factors (static heat loads) of the 2K tank at 30 mbar from run #10.

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

6.9 (1.6) 7.35 (1.70) 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) 75.0 77.39 935
8.2 (0.2) 8.74 (0.21) 77.4 78.90 532
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Figure 15: All calculated static heat loads of the 2K tank plus cavity operating at 31 mbar with
CV105 closed and the values obtained in run #10 for the correction factors (marked in blue).

4.3 At 31 mbar with CV105 open

During this run there have been no measurements with the 2K tank and the cavity being
continuously filled and regulated at a certain level. The main reason is because the regulation
of CV551 was not proper and it could lead to problems if the opening of the valve amplified
at every filling. Another reason is that for the dynamic heat load measurements using the
calorimetric method (see Section 5) valves CV105 and CV551 have to be closed, as shown in
Figure 9, thus having a constant regulation for the cavity was not necessary.

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).

Table 5 positions 20 to 28 give the heat loads measured with the flow meter FT551 at 31
mbar and at different accelerating gradients. Note that the regulating valve CV551 was kept
fixed at a certain value during these measurements to reduce the measurement time, otherwise
it might have taken over 20 min to measure each point with the corresponding high error bar.

In the coming sections the dynamic heat loads have been calculated taking into account the
different correction factors discussed in Sections 5.1 to 5.3).
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Figure 16: Dynamic heat load measurements at 31 mbar and with CV105 closed obtained with
correction factors from measured values.

5.1 At 31 mbar with CV105 closed with measured values for the correction
factors

Taking into account the correction for the static losses given in Table 6 then the dynamic heat
loads can be calculated. These corrections are given in Table 8 and graphically (in terms of
power) in Figure 16. Note that for a liquid helium level above 77.4% the maximum static heat
load has been considered. This graph shows that the negative values from the table indicate
that the correction factors used according to the level are indeed on the high side and that, at
a gradient of ca. 14 MV/m, the average maximum power dissipated by the cavity and the 2K
tank is 3.1 W (std dev. 0.4 W).

Table 8: Dynamic heat loads at 31 mbar with CV105 closed. The corrections are obtained
through the measured values in Table LT101Scaling.

Pos. Eacc FT551 LT101Correction FT551Corrected PDiss. Cav.

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

20 7.7 8.0 (0.2) 7.7 (0.5) 0.3 (0.54) 0.32 (0.58)
21 8.6 8.3 (0.2) 9.2 (0.2) -0.9 (0.28) -0.96 (0.3)
22 8.6 8.2 (0.2) 9.2 (0.2) -1.0 (0.28) -1.07 (0.3)
23 8.6 8.2 (0.2) 9.2 (0.2) -1.0 (0.28) -1.07 (0.3)
24 10.5 9.7 (0.2) 9.2 (0.2) 0.5 (0.28) 0.53 (0.3)
25 10.5 9.6 (0.2) 9.2 (0.2) 0.4 (0.28) 0.43 (0.3)
26 12.9 11.5 (0.2) 9.2 (0.2) 2.3 (0.28) 2.45 (0.3)
27 14.1 11.7 (0.2) 9.2 (0.2) 2.5 (0.28) 2.66 (0.3)
28 14.1 12.5 (0.2) 9.2 (0.2) 3.3 (0.28) 3.52 (0.3)
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Figure 17: Dynamic heat load measurements at 31 mbar and with CV105 closed obtained with
correction factors from the fitted curve.

5.2 At 31 mbar with CV105 closed with fitted curve values for the correction
factors

Since in the prior section the static heat loads seemed to be on the high side, if this time the dy-
namic heat loads are corrected by Eq. 3 then Table 9 gives the actual values, graphically shown
(in terms of power) in Figure 17. The level of liquid helium used for the calculation of the static
heat load correction is the average between the maximum and the minimum levels for each point.

In this case, the static heat loads seem to be closer to the real values since there is only one
value that is negative. The average dynamic heat load for this cavity running at an accelerating
gradient of 14 MV/m is 4.2 W (std dev. 0.4 W).

Table 9: Dynamic heat loads at 31 mbar with CV105 closed. The corrections are obtained
through the fitted values from Eq. 3.

Pos. Eacc FT551 LT101Correction FT551Corrected PDiss. Cav.

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

20 7.7 8.0 (0.2) 7.22 (0.15) 0.78 (0.25) 0.83 (0.27)
21 8.6 8.3 (0.2) 8.16 (0.15) 0.14 (0.25) 0.15 (0.27)
22 8.6 8.2 (0.2) 7.90 (0.15) 0.30 (0.25) 0.32 (0.27)
23 8.6 8.2 (0.2) 8.47 (0.15) -0.27 (0.25) -0.29 (0.27)
24 10.5 9.7 (0.2) 8.20 (0.15) 1.50 (0.25) 1.60 (0.27)
25 10.5 9.6 (0.2) 8.35 (0.15) 1.25 (0.25) 1.33 (0.27)
26 12.9 11.5 (0.2) 8.25 (0.15) 3.25 (0.25) 3.46 (0.27)
27 14.1 11.7 (0.2) 8.00 (0.15) 3.70 (0.25) 3.94 (0.27)
28 14.1 12.5 (0.2) 8.22 (0.15) 4.28 (0.25) 4.56 (0.27)
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Figure 18: Dynamic heat load measurements at 31 mbar and with CV105 closed obtained with
correction factors used in run #10.

5.3 At 31 mbar with CV105 closed with values from run #10 for the cor-
rection factors

If instead we take the correction factors used for last run (Table 7), then the dynamic heat
loads are those given in Table 10 and graphically shown (in terms of power) in Figure 18. As
mentioned before, the reason for the high error bar at 7.7 MV/m is because of the error in the
static heat load measurement at low liquid helium levels.

In this case, the static heat loads seem to be much closer to reality than in any of the
other scenarios presented. For an accelerating gradient of 14 MV/m the cavity gives an average
dynamic heat load of 4.3 W (std dev. 0.4 W).

Table 10: Dynamic heat loads at 31 mbar with CV105 closed. The corrections are obtained
through the correction factors used in run #10 (Table tab:DynRun10.

Pos. Eacc FT551 LT101Correction FT551Corrected PDiss. Cav.

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

20 7.7 8.0 (0.2) 6.9 (1.6) 1.1 (1.61) 1.17 (1.72)
21 8.6 8.3 (0.2) 8.1 (0.2) 0.2 (0.28) 0.21 (0.3)
22 8.6 8.2 (0.2) 8.1 (0.2) 0.1 (0.28) 0.11 (0.3)
23 8.6 8.2 (0.2) 8.2 (0.2) 0.0 (0.28) 0.0 (0.3)
24 10.5 9.7 (0.2) 8.1 (0.2) 1.6 (0.28) 1.7 (0.3)
25 10.5 9.6 (0.2) 8.1 (0.2) 1.46 (0.29) 1.56 (0.31)
26 12.9 11.5 (0.2) 8.1 (0.2) 3.4 (0.28) 3.62 (0.3)
27 14.1 11.7 (0.2) 8.1 (0.2) 3.6 (0.28) 3.84 (0.3)
28 14.1 12.5 (0.2) 8.1 (0.2) 4.4 (0.28) 4.69 (0.3)
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5.4 Dynamic heat loads comparison

If, for comparison purposes, all dynamic heat loads calculated according to the previous sections
are gathered into one plot (Figure 19), all measurements done during this run indicate that the
dynamic heat loads do not have a linear trend but more of a ”check” pattern trend, i.e. at
8.5 MV/m the cavity has a low dynamic heat load that increases as the accelerating gradient
increases.

The values obtained for last run (run #10) have also been added and it can be seen that,
between runs, the cavity’s performance has degraded. The reason for this degradation is not
yet clear.

Figure 19: Dynamic heat loads comparison among the values obtained in this run with different
correction factors and those from run #10.
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6 Effect of heat power at 31 mbar

These measurements are needed in order to be able to calibrate the RF power applied to the
cavity wrt heat power, while another test is to check the maximum power that the cavity can
dissipate in its present configuration.

6.1 Cavity’s power limit

In order to determine the maximum amount of power that the cavity can dissipate, heat power
is applied to the cavity via EH103B. Table 11 gives the relevant data recorded during the
measurements and with no regulation of liquid helium for the cavity (CV105 closed). This table
shows that for an applied heat power over 26 W the system of 2K tank plus cavity becomes
unstable. These instabilities are seen in terms of level (spikes) and pressure fluctuations leading
to an increase in flow, as shown in Figure 20. Whenever the applied power is above the limit
the instabilities occur but the system goes back to normal once the power is reduced below the
limit.

Table 11: Heat power applied to EH103B and its effect on liquid helium level LT101 instabilities,
in chronological order.

Vreal [V] Ireal [A] Preal [W]

18.3 0.838 15.33
19.85 0.908 18.02
20.77 0.949 19.71
21.66 0.989 21.42
22.56 1.028 23.19
23.38 1.066 24.92
24.27 1.104 26.79*
23.92 1.087 26
24.27 1.104 26.79*

* Instabilities appeared.

To calculate the theoretical amount of power that a certain cross area can dissipate then
the following equation, given by [5], can be used

X(Tc)−X(Tw) = q̇3.4L (4)

Where X(Tc) and X(Tw) are functions that depend on the temperature difference (T in
Kelvin) along a certain path and are parameters taken from the temperature profile given in
this paper. q̇ is the heat dissipated per cross area (in W/cm2) and L is the path length from
the point of interest (at the cavity) to the surface of the LHe (in cm).

The temperature at the cold and warm points can be calculated by the pressure. The
pressure Pcold at the starting point (or the cold point) is set for example to the surface of liquid
helium just below the 2K tank, thus at for example 70% and at a pressure of 31 mbar. The
pressure at the warm point or the point of interest, which is at the starting of the cavity’s flange,
can then be calculated via the hydrostatic pressure:

Pwarm = Pcold + ρgh (5)

The data needed to calculate the height, and thus Pwarm, can be found in Figure 7, where
the height is then

h = (27.5 + 105 + 225 + 160 + 50) mm = 567.5 mm (6)
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Figure 20: Detail of the instabilities in liquid helium level when the heat power applied is higher
than 26 W and its recovery at a lower power.

And thus the pressure at the warm end is

Pwarm = 31mbar + (145.7
kg

m3
x 9.8

m

s2
x 0.567m ) x 10−5 mbar

Pa
= 39.10mbar (7)

Then Pcold = 31 mbar (2.0 K) and Pwarm = 39.1 mbar (2.07 K), and from [5] we get
X(Tc=2.0 K)=75 and X(Tw=2.07K)=25, which gives q̇=0.67 W/cm2 as the maximum power
that can be dissipated at that point.

Since these values are for a pipe of a certain diameter we can calculate the maximum power
dissipation. For the high-β outlet flange (r=40 mm) the cross section is 50.26 cm2, giving a
total power dissipation of ca. 33.8 W at the warm point.

Although this equation is a rough approximation, it is at least in the same ballpark as what
has been measured. This experiment was also carried out in run #6A when a bare Germaine
and Hélène were together in HNOSS and in run #8 with Romea equipped with a FPC and a
CTS. Table 12 gives an overview of the outcome, but note that the values given for run #6A
might actually be lower since the actual voltage and current at the heater could not be mea-
sured, so the power recorded was the one given by the power supply at the time. It is interesting
to note that, roughly, the bare double spoke can dissipate as much power as the fully equipped
high-β, one of the main reasons being that the cross area of the high-β cavity is 1.7 times larger
than that of the double spoke.

The difference of ca. 14 W between run #6A and #8 for the double spoke cavities was
accounted for because of the extra FPC and CTS installed in Romea, giving a larger heat
contribution to the LHe surrounding the cavity and thus leaving less heat available for the
applied power.

Table 12: Comparison of the maximum power dissipated for different cavities.

Run # Configuration
Pmax [W]

Cav1 Cav2

6A Germaine (bare) + Hélène (bare) 26 18
8 Romea (FPC+CTS) 12 -
11 High-β Elliptical (FPC+CTS) 26 -
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6.2 Heater Calibration with CV105 closed

Unfortunately, the behaviour of the regulating valve CV551, as explained in section 4.2, made
it difficult to accurately measure the heat loads via the flowmeter FT551 when power is applied
to the cavity via the heater EH103B. Due to oscillations in the flow, getting an accurate heat
load measurement would involve averaging over several minutes while still getting high error
bars and also increasing the test time unnecessarily.

For this reason, the heat power calibration was done using only the calorimetric method,
as explained in Section 5, and thus no values from FT551 are available from this run. The
procedure was as usual: the heater EH103B, placed on the bottom side of the cavity, was used
and 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.

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. Accord-
ing to data from CEA [6], 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 around 14 K and a pressure
varying between 1.8 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 and at least one (sometimes
two) of the main design parameters were kept. Also, the inlet temperature of the FPC can be
further reduced if there is enough counter flow through the corresponding heat exchanger, only
achievable if the 2K tank is being filled continuously (CV105 open), which was not the case.
The heaters EH108 were set to 35 W and the forced heated air flow was kept at ca. 50 W, as
per previous experience. 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 31 mbar, during the complete
run the temperature of the FPC at different locations has remained constant when no RF was
applied, i.e. ca. 71 K around the center of the FPC (TT03x) and 7.5 K (TT01x) and 4.9 K
(TT02x) close to the interface with the cavity. If one takes into account the status of the sensors
when they were removed after this run (Table 3), then the values given by TT02x might not be
correct since this temperature sensor was found to be partially glued. If RF was applied then
the biggest change in temperature was found to be in TT03x, in the middle of the FPC.

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. 31 mbar
the temperatures of the three sensors placed in the CTS maintained quite a stable temperature,
i.e. ca. 44 K on average for the top (TT04x) and the lower bars (TT05x) and between 106
K and 110 K at the motor’s side (TT06x). Again, if one takes into account the status of the
sensors when they were removed after this run (Table 3), then at least the values given by
TT05x and TT06x can be considered to be reliable.
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Figure 21: Detail of the increase in temperature in the motor (TT06x) while being operated.

During this run the motor was properly connected so it could be moved and the CTS tested.
Figure 21 shows the temperature increase of the motor while being operated. After operation, it
can be seen that it took a long time for the temperature to decrease, which is expected since the
thermalization of the motor to the cavity is only by conduction through the mechanical support.
One thing to mention is that during the test of the mechanical modes, there were quite some
vibrations of the system that caused TT117 to increase which led to this sensor giving a higher
temperature during the rest of the run, most probably because of its bad contact to the cavity
(see Table 3 and Section 11).

9 Table Cooling

The table supporting the cavity has been cooled by flowing 4K helium from the 4K tank through
the 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 22: Overview of the temperatures reached for the table during this run.

Figure 22 gives an overview of the temperature of the table at different positions [1]. The
main thing to note is that the inlet of the table (TT106) was kept at ca. 5 K and the outlet
(TT107) between 20 K and 25 K. 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. Both temperature rises shown on the graph come from
closing the cooling valve CV101: the first one when the 4K tank was found empty one morning
(CV101 to 0%) and the second one one it was the cavity and the 2K tank that were found
empty (CV101 to 10%). The closing of this valve was to let the 4K tank recover and fill.

One thing to improve next time this table is used is to isolate it by wrapping it in MLI and
using copper braids to better thermalize the inner arms of the frame.
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10 Warmup

From the very beginning of the warm-up, the pressure inside the cavity increased up to 6x10−6

mbar. The recorded pressures for the cavity and the FPC, together with the actual tempera-
ture of the cavity are given in Figure 23. 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. The reason for not having records of the pressure in the
pumping group (PT022) until the day after is currently unknown.

The system was left to warm-up by itself (no active heating of the system) for half a day
before stopping the pumping in the insulation vacuum. The temperature reached at that time
was ca. 84 K for both the cavity and the CTS. After five days the cavity and the CTS were
already at room temperature and the system was vented.

Figure 23: Vacuum levels of both at the cavity and the FPC sides plus the temperature of the
cavity at the beginning of the warm-up.

11 Temperature Overview

Figure 24 gives the temperatures reached by the cavity during this run. Apart from the status
of the temperature sensors (Table 3), the cavity temperature before cooling was below room
temperature from the thermal shield cooling and afterwards the cavity has been kept cold during
all this run except for at the middle of the tests, when the problem with PT102 happened (see
Section 4.2). Also, as mentioned in Section 8, the increase in temperature for TT117 happened
when the mechanical modes of the CTS were checked.

Figure 24: Overview of the temperature during run #11 for the High-Beta Cavity ESS086-P01
equipped with FPC and CTS.
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12 Conclusion

Unfortunately, the pressure sensor PT102 problem encountered when testing this cavity made
the heat load measurements via the flowmeter difficult and not very accurate.

A degradation in cavity performance has been registered between this run and the last (run
#10) for reasons not yet clear. During this run, the average dynamic heat load for an acceler-
ating gradient of 14 MV/m, calculated from all the values obtained via the different correction
factors, is thus 3.87 W (std dev. 0.7 W).

Regarding the sensors, more focus has to go into preventing bad wire thermalization during
cycles if the cavity has a rough surface.

13 Acknowledgements

Highly appreciated are the work and effort of the FREIA team and the support of CEA Saclay
throughout the tests, as well as for the discussions afterwards. This project has received funding
from the European Union’s Horizon 2020 Research and Innovation programme under Grant
Agreement No 730871.

References

[1] Santiago Kern R. et al.. Cryogenic Settings for Testing of the Fully Equipped ESS High-β
Cavity HB ESS086-P01 (Part II), FREIA report 2018/05 (FREIA Memo 2018-03-M).

[2] Li H.et al., First High Power Test of the ESS High β Cavity, FREIA report 2018/07.

[3] Santiago Kern R. et al.. Cryogenic Synopsis from the Testing of the Fully Equipped ESS
High-β Cavity ESS086-P01 (Part I), FREIA Report 2018/04 (FREIA Memo 2018-02-M).

[4] Santiago Kern R. et al.. Synopsis Run 9, FREIA Memo 2017-04-M.

[5] Bon Mardion G.et al., 1979. Practical data on steady state heat transport in superfluid
helium at atmospheric pressure. Cryogenics, Vol 19 Issue 1, January 1979, pg 45-47.

[6] Peauger F. et al.. Progress in the Elliptical Cavities and Cryomodule Demostrators for the
ESS Linac.Conference proceedings SRF2015, Whistler, Canada (2015).

27


	front_page_Synopsis run 11
	FREIA Memo 2018-04-M Santiago Kern et al

