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Abstract 
Slow pumping system was used for particle free vacuum 

pumping in Superconducting rf accelerator. In KEK, re-
cently slow pumping system was developed for the cry-
omodule assembly work with STF 9-cell cavities and 
worked well to reduce the particulates movements under 
pumping. However, this slow pumping system also wants 
to be used for preparation of vertical test. Before assembly 
work in clean room for vertical test, we normally apply 
high pressure rinsing (HPR). There are many waters on the 
cavity surface after HPR. Therefore, we keep one night to 
dry inside cavity in clean room. Unfortunately, some wa-
ters still remain in the cavity even though we keep drying 
in clean room for one night. This water might make some 
icing under pumping and stop flow in mass flow meter, 
which is used for slow pumping to control the flow. There-
fore, we modified the slow pumping system to be robust 
under slow pumping even when water exists in the cavity. 
In this paper, we present the modified slow pumping sys-
tem in KEK and the results of the vacuum trend through 
slow pumping of 9-cell superconducting cavity. We also 
measured the particulates under slow pumping after HPR 
by using vacuum particle monitor. 

INTRODUCTION OF SLOW PUMPING & 
VENTING SYSTEM AT KEK 

In general, the dusts or particulates in the superconduct-
ing (SC) cavity can produce field emission from the inner 
surface of cavity, and generate large amounts of radiation 
and cause the degradation of SC cavity performance. For 
examples, STF-2 cryomodules in KEK, which was con-
structed to establish the fundamental technology for Super-
conducting RF cavities with beam operation for the ILC 
[1], met the heavy field emission after cryomodule assem-
bly work in 2014 [2]. During cavity string assembly in a 
local clean booth at STF tunnel, the sudden venting was 
done when the gate valve opened. We did not control the 
pumping and venting speed and we understood that it is 
necessary to establish a pumping system that does not al-
low contamination of dusts. Slow pumping is very effec-
tive to suppress the particulates moving under pumping 
and venting and recently used for cryomodule assembly on 
big SC accelerators [3]. This situation led us to develop 
new slow pumping and venting system in KEK at this time.  

Figure 1 shows the schematic diagram of slow pumping 
and venting system of our first prototype [4]. The pumping 
system is similar to the pumping system which was used 

on EURO-XFEL construction [3]. The vacuum particle 
monitor [5] was equipped to measure the particulates under 
pumping and venting in our system. Furthermore, we con-
trolled to slowly move all gate valves. This is necessary not 
to produce particulate by moving the gate valve [6]. Slow 
pumping and venting speed were controlled by mass flow 
meter. Under slow pumping, the mass flow meter con-
trolled the flow via the bypass line with small pipe. When 
the pressure reached to less than 100 Pa, the pumping line 
changed to the main pumping line with large diameter of 
40 mm to obtain sufficient conductance and finally the cav-
ity vacuum was pumped by Turbo Molecular Pump (TMP). 
Nitrogen gas was used for slow venting and the diffusers 
were set on the slow venting line. The pressure was meas-
ured by an ion crystal gauge. Dynamic range of the vacuum 
particle monitor is from 0.3 m to 3.6 m of particle size. 
The slow pumping speed is typically 0.6 l/min and venting 
speed is 0.2 l/min. No particulate moving was observed 
during slow pumping and venting with the above condi-
tions [6]. We could suppress the particle movements by us-
ing this prototype. 

Figure 1: Schematic diagram of slow pumping & venting 
system of our first prototype with 9 cell cavity and valve 
assign (red).  

After developing the first prototype slow pumping and 
venting system, we built slower pumping and venting sys-
tems that all valves were controlled automatically to slowly 
move the gate valve and its configuration was changed as 
shown in Fig. 2, for STF-2 cryomodule re-assembly work. 
Thanks to these slow pumping and venting system, we 
could keep the good cavity performance after STF cry-
omodule re-assembly work and satisfy the stable beam op-
eration of 33 MV/m in STF-2 cryomodule [7]. Our devel-
oped slow pumping and venting system in KEK was also 
recently applied to other SRF laboratory in Japan [8]. 
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MODIFIED SLOW PUMPING SYSTEM  
Next, this slow pumping system will be used for prepa-

ration of vertical test. Before assembly work in clean room 
for vertical test, we normally apply HPR. There were many 
waters in the cavity. Flow control was basically conducted 
by the mass flow meter in our slow pumping system and 
flow was controlled by very small valves in mass flowme-
ter of “FCS series” in ref. [9]. However, this flow meter 
cannot be used under water condition because flow in the 
mass flow line will be stopped when the water was iced 
during pumping. In order to escape the icing, we modified 
the pumping control not by the mass flow meter but by the 
pressure controlled one, which named as UPCUS [9]. This 
UPCUS is normally used to control the pressure difference 
(P) between the entrance and the exit of the UPCUS pre-
cisely and could use for various gas control.  

Figure 2: Detailed block diagram of modified slow pump-
ing & venting system. Valves were assigned as “V plus 
number”. 

Figure 2 shows the block diagram of modified slow 
pumping and venting system for the preparation of vertical 
test. Slow pumping line shown in orange line in Fig. 2 is 
controlled by UPCUS. Slow venting line shown in pink 
line in Fig. 2 is controlled by mass flow meter, which is the 
same as our previously developed system [1]. When the 
vacuum is decreased to 100 Pa under slow pumping, pump-
ing line is changed to main pumping line shown in red line 
in Fig. 2. The vacuum particle monitor is equipped to 
measure the particulates under pumping and venting. 

UPCUS do not control mass flow (S) but pressure dif-
ference (P). S [l/min] is proportional to the P/t [Pa/s] 
x V [l], where V is the volume of the superconducting cav-
ity and t is the elapsed time. In our case, S will be indi-
rectly controlled by controlling the constant P/t under 
slow pumping. It is noted that V is about 30 l for 9-cell 
cavity and it took 1 hour to reach 100 Pa on the first test 
with 0.6 l/min slow pumping [6]. It is possible to keep same 
speed by using UPCUS.  

In detail, UPCUS control range is from 100 kPa to 
1.5 kPa. For the first test, we set constant pressure differ-
ence from 100 kPa to 1.5 kPa for 1 hour to keep almost 
same flow ratio of 0.6 l/min. In order to continue slow 
pumping, the UPCUS is kept as full open condition up to 

100 Pa. After that, we switch slow pumping to main pump-
ing.  The capacitance gauge (CG) mainly measures the vac-
uum pressure under slow pumping. The ion gauge (IG) 
mainly measures the vacuum pressure after changing main 
pumping. 

MESUREMENT OF PARTICULATES  
AFTER HPR UNDER SLOW PUMING 

We check whether this modified slow pumping system 
works for 9-cell cavity. We also check whether this system 
will work after HPR. We tried slow pumping three times 
as follows: 

1. 9-cell cavity slow pumping without HPR 
2. 9-cell cavity slow pumping with HPR 
3. 9-cell cavity second slow pumping without disassem-

bly of the cavity after the procedure of B) 

Slow Pumping without HPR 

Figure 3: (Left) Assembly work of 9-cell cavity to the mod-
ified slow pumping system without HPR. (Right) setup of 
the slow pumping system with 9-cell cavity.    

Figure 3 shows the setup of first trial of this modified 
slow pumping system. A 9-cell cavity, which was already 
used for the vertical test, was used for the study. The cavity 
was carefully reassembled in class 10 clean room, as 
shown in the left figure of Fig. 3, and connected to the 
modified slow pumping and venting system, as shown in 
the right figure of Fig. 3.  
 

 
Figure 4: Vacuum trend measured by CG during slow 
pumping. 

Figure 4 shows the vacuum trend under slow pumping 
by using UPCUS. We could successfully control the con-
stant flow. This flow ratio was calculated as 0.6 l/min as 
shown in Fig. 4. After reaching 100 Pa, slow pumping was 
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changed to the main pumping automatically and reached 3 
x 10-4 Pa after one day. 
 

Figure 5: (Left) Vacuum trend measured by CG (blue) and 
IG (red) just after starting slow pumping. Rotation of TMP 
is shown as green line (right). Trend of measured cumula-
tive numbers of particulates just after starting slow pump-
ing. Each colour shows the range of measured particulate 
size from 0.3 m to 3.6 m.      

Figure 5 shows the results of particulates by measured 
vacuum particle monitor just after starting slow pumping. 
No particulate was observed under slow pumping except 
for 0.3 m to 0.5 m range. We saw the increasing of par-
ticulates of 0.3-0.5 m ranges from 1 × 105 Pa to 8 × 104 Pa. 
We doubted that the long bellows between 9-cell cavity 
and slow pumping system made some particulates because 
it was not rinsed under replacement. Finally, there were 
18 counts only in the range between 0.3 m to 0.5 m for 
one day. We could suppress the particulates movements by 
using this system. 

Slow Pumping with HPR 

Figure 6: (Left) Assembly work of 9-cell cavity after HPR. 
(Right) The replaced top flange after HPR after keeping 
one night in class 10 clean room to dry cavity. 

After first slow-pumping test, we vented the nitrogen gas 
with slow venting and disassembled the cavity. After that, 
we performed HPR to this 9-cell cavity. We noted that 
there were no particulates during slow venting. First, all 
ports of 9-cell cavity were opened under HPR. And finally, 
all ports except for the bottom one were covered by the 
stainless flanges in order to protect particulates come into 
the cavity during HPR. The high pressure rinsed 9-cell cav-
ity were moved to class 10 clean room and dried the inner 
surface of the cavity for one night. After that, the 9-cell 

cavity was re-assembled and connected to the slow pump-
ing system. We note that we saw many water-drops on the 
removed flange as shown in the right figure in Fig. 6 even 
though we kept drying for one night.  

Figure 7: Vacuum trend measured by CG with HPR (blue) 
during slow pumping and without HPR (red). Left (right) 
figure shows the vacuum trend of the linear (logarithmic) 
scale, respectively. 

Figure 7 shows the vacuum trend under slow pumping 
with HPR (blue) and without HPR (red). We could perform 
the same slow pumping speed after HPR as shown in the 
left figure of Fig.7. Compared with the slow pumping with-
out HPR, it took a long time to reach to 100 Pa. We assume 
that there were many water mists in the cavity under pump-
ing. The slow pumping changed to main pumping and 
reached to 7 x 10-5 Pa for three days.  

 

Figure 8: (Left) Trend of measured cumulative numbers of 
particulates just after starting slow pumping. (Right) Trend 
of measured cumulative numbers of particulates for more 
three days. In both figures, each colour shows the range of 
measured particulate size from 0.3 m to 3.6 m.      

Figure 8 shows the results of particulates measured by 
vacuum particle monitor after slow pumping. We observed 
many particulates just after starting slow pumping as 
shown in the left figure of Fig. 8.  This sudden increasing 
of particulates as shown in the left figure of Fig. 8 was ap-
peared in the pressure range of 1 × 105 Pa - 9.8 × 104 Pa. 
The sizes of these particulates were widely distributed 
from 0.3 m to 2.0 m. The maximum counts of particu-
lates are about 90 counts in the range between 0.5 m to 
1.0 m. This distribution seems to be very strange. Nor-
mally, the smaller the size of the dust, the greater the 
amount of dust. For example, we saw that the maximum 
counts were shown in the range of minimum size like 
0.3 m to 0.5 m when some dusts come into the cavity [1, 
6].  In our case just after HPR, the maximum counts were 
not seen in the smallest size. We assume that the observed 
particulates might be something concerning with water. 
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Second Slow Pumping Test without Disassembly 
We tried slow pumping again without disassembly of the 

cavity to see the particulates movements. First, we vented 
the nitrogen with slow venting. Under slow venting, we did 
not observe the particulates.  

 
Figure 9: Vacuum trend measured by CG after HPR during 
first slow pumping (red) and second slow pumping without 
disassembly of the cavity after HPR (blue). Left (right) fig-
ure shows the vacuum trend of the linear (logarithmic) 
scale, respectively. 

. 
Figure 10: Trend of measured cumulative numbers of par-
ticulate under second slow pumping. Each colour shows 
the range of measured particulate size from 0.3 m to 
3.6 m. 

Figure 9 shows the vacuum trend under slow pumping 
after HPR (red) and second slow pumping again (red). 
Compared with the slow pumping just after HPR, it took 
shorter to reach to100 Pa under slow pumping. This is very 
similar behaviour with that without HPR as shown in 
Fig.  4. Finally, we could reach below 1 x 10-4 Pa for one 
day. We found that the system works well again. 

Figure 10 shows the measured particulates trend under 
second slow pumping. We found no particulates. We did 
not reproduce the particulates events as shown in Fig. 8. 
Under second slow pumping, we did not see the gentle 
slope under slow pumping just after HPR. If this behaviour 
of gentle slope around a few 1000 Pa come from the high 
pressure rinsed water mist, this water went out and we 
could smooth slow pumping like that without HPR shown 
in Fig. 4.  

We assume that many particulates might be associated 
with some water mists under the comparison between the 
measured results just after HPR and second slow pumping. 
If so, we could distinguish the particulates come from mist 
and the other dusts by measuring the particulate distribu-
tion. Unfortunately, it is too early to state this behaviour 
come from the water mist. We need to take more data after 
HPR for vertical tests by using vacuum particle monitor.  

SUMMARY AND FUTURE PROSPECT 
We modified the slow pumping system to escape the ic-

ing in the mass flow meter to carry out the slow pumping 
after assembly work with HPR. First, we smoothly carried 
out slow pumping with this modified system by using 9-
cell cavity without HPR. For the 9-cell cavity applied HPR, 
we observed some different vacuum trend around 1000 Pa 
level. At this pressure level, it took long time to pump un-
der slow pumping. But we met no icing in the bellows and 
cavity. The vacuum finally reached the 1 × 10-5 Pa level. 
We saw a lot of particulates at the range of 0.3-2.0 m par-
ticles sizes just after HPR. After venting this 9-cell cavity 
and applying slow pumping without disassembly this cav-
ity, we met no particulate and pumping profile under slow 
pumping is very similar with the slow pumping without 
HPR.   

We found that this modified slow pumping system works 
well with HPR. This system gave the clean vacuum work. 
We will take more data after HPR for vertical tests to sur-
vey why the measured particle distribution by vacuum par-
ticle monitor were strange. For example, we try to compare 
the measured particulates with and without slow pumping 
condition. 
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