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Schematic of the Rotation Target 



Schematic of Ferrofluid Seal

ferrofluid
= base oil + iron powders (~10 nm) + surfactant

(oxide iron powders) (界⾯活性剤)



(1) Prototype #1 
The prototype #1 has no target disk, but the design is
compatible with the weight and the moment of the real target.

(2) Prototype #2 
Introduce two-stage vacuum seal to prevent the jump of the pressure.
The prototype has no target disk, but the design allows to 
add a dummy disk in future. 

(3) Prototype #2 with Dummy Disk
The weight and the moment of the dummy disk 
is as same as the real target.

(4) Evaporation Pan Test
Put ferrofluid in an evaporation pan.
Then put the pan in a vacuum chamber and make residual gas 
analysis.

Today’s Topics 

New

New



(1) Vacuum test with Rotation 
Prototype #1

photo: Prototype #1 at KEK, Tsukuba.



Prototype #1

Result of “with N2 gas flow” 
in December 2017

NIM (A953 2020 163134)

Dry N2 gas 
flow here



Prototype #1 Experimental Procedures

roughing 
pump

system

1. Rough pumping by 
“turbopump + scroll pump” system.

2.  Make baking with rough pumping. 

3. End backing, and cooling

6. Detach the rough pumping system 

4. Ion pump ON

5. Close the valve of rough pumping line. 

7. Maintain vacuum with ion pump only.

8. Vacuum test with rotation.
Try several rotation speeds in 
Oct.-Dec. 2017.



2.5x10-5 Pa

5x10-6 Pa

T3(room)

Vac

225 rpm

Spiks Rate
one per every 

5-7 hours 

1150 rpm

Spike Rate
One per every 20 

minutes.

2017,  Dec. 02nd  - Dec. 15th

Dec. 06th 13:40
1150 rpm -> 225 rpm

N2 gas 100 mL/min

5x10-7 Pa

0 rpm 

Dec. 12nd 09:32
225 rpm -> 0 rpm

dry N2 gas 100 mL/min Prototype #1
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5x10-7 Pa

dry N2 gas 100 mL/min Prototype #1

225 rpm

Spiks Rate
one per every 

5-7 hours 

1150 rpm

Spike Rate
One per every 20 

minutes.

Dec. 06th 13:40
1150 rpm -> 225 rpm

N2 gas 100 mL/min

0 rpm 

Dec. 12nd 09:32
225 rpm -> 0 rpm

Enlarged View at Next Page



NIM A953 2020 163134

2.5x10-5 Pa

5x10-7 Pa

Spikes

height 
x 50

Prototype #1

・We achieved 6x10-7 Pa with ferrofluid rotation seal.
(Dry N2 gas flow at  atmosphere side) (It was 3.5 x10-6 Pa, before N2 gas flow)

・Sudden Jump of the pressure (spike) every 5-7 hours. 
Hight is about x 50 of the base pressure, duration 1-2 minutes.



(2) Vacuum test with Rotation 
Prototype #2

photo: Prototype #2 at KEK, Tsukuba.



Prototype#2: Two-stage Vacuum Seal 
Introduce two-stage vacuum seal to prevent spikes.

The prototype has no target disk, but the design 
allows to add a dummy disk in future. The weight 
and the moment of the dummy disk will be as 
same as the real target.

sub-pump port main-pump port 



1. First Step
Intermediate pint is open to atmosphere. 

(i) Rough Pumping + Baking
(ii) Ion pump ON

ON

ON

ON
2. Second Step

Add sub-pumping at 
the Intermediate 
Point.

Prototype #2: Experimental Procedures

Start main chamber pumping at first. 

Main chamber pumping
Continue Ion Pump ON.

Intermediate Point Pumping
(i) Rough Pumping (NO baking)
(ii) Ion pump ON

Open to 
atmosphere



No sub-pumping
（intermediate point: atmospheric pressure）

sub-pumping
Turbopump
~5x10-4 Pa

sub-pumping
Ion Pump

~ 3x10-6 Pa

rotating at 225 rpm (design value)

1.1x10-6 Pa
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9-Sep-2020 6-Nov-2020 3-Dec-2020 8-Jan-2021

We started the experiment at the beginning of September 2020.  

Spikes  

Spikes disappear  

Result:          Spikes disappear.
Conclusion: Two-stage seal is effective

It seemed vacuum still went 
better and better, but we are 
forced to stopped the experiment 
on 8-Jan-2021 to go next step. 

10-4

Prototype #2: Two-stage Vacuum Seal 



(3) Vacuum test with Rotation 
Prototype #2 with Dummy Disk

photo: Prototype #2 with Dummy Disk, at RIGAKU Workshop, Tokyo.



Dummy Disk Added, February 2021.
Vacuum Test with Rotation Started from April 2021.

Prototype #2 with Dummy Disk

Dry N2 gas flow at  atmosphere side



We added the dummy target disk.
Fabrication at RIGAKU workshop

Jan.  2021
Assembling at KEK

Feb.-Mar. 2021



Prototype #2 with Dummy Disk
Experimental Procedures

Make pumping at both main chamber and intermediate point from the beginning.

(i) Rough Pumping + Baking
(ii) Ion pump ON

(i) Rough Pumping (NO Baking)
(ii) Ion pump ON

Pumping at main chamber

Pumping at intermediate point



Rotation at 225 rpm (design value) 

Vacuum Data : From 9th April to 29th July, 2021

7.4x10-7 Pa
29th July

Prototype #2 with Dummy Disk

Rotation Start on 9th April, 2021

10-5 Pa

10-6 Pa

Pressure of Main Chamber

Pressure of Intermediate Point



Rotation at 225 rpm (design value) 

Vacuum Data : From 9th April to 29th July, 2021

7.4x10-7 Pa
29th July

Pressure of Main Chamber

Pressure of Intermediate Point

Prototype #2 with Dummy Disk

Rotation Start on 9th April, 2021

Enlarged View at Next Page

10-5 Pa

10-6 Pa



Spike
~ 1.2E-6 Pa

x 1.5

Prototype #2 with Dummy Disk
Vacuum Data, Enlarged Plot : From 24th July to 29th July, 2021

Rotation at 225 rpm (design value) 

Pressure of Main Chamber

Pressure of Intermediate Point
7.4x10-7 Pa
29th July

・We achieved 7x10-7 Pa with dummy disk.
・Spike appears again. But height is small (x1.5).

2x10-6 Pa

1x10-6 Pa

6x10-7 Pa



(4) Evaporation Pan Test

photo: Evaporation pan in the vacuum chamber at KEK, Tsukuba.



＊Vacuum Test with Rotation (Prototype #1) 

＊Evaporation Pan Test 

Assuming that the polymer of the ferrofluid decomposes into small molecules (CH-based 
molecules), determine the upper limit of the amount that will be come out as gas.

Evaporation Pan Test
Aim.

100 L/s

100 L/s

CAUTION:
We do NOT claim that the 

polymer of the ferrofluid 
decomposes into small 
molecules.



Evaporation Pan Test
(1) Put ferrofluid in an evaporating pan. (2) Put the pan in a vacuum chamber. (3) Close the 
vessel with a lid. (4) Rough pumping without baking (reason of NOT baking: to protect the 
ferrofluid).  (5) Then turn on ion pump.

Detach prototype#1 from 
the test bench, then put 
ferrofluid in a vacuum 
chamber. 



Residual Gas Analysis after 22 days of pumping by Ion pump.

Evaporation Pan Test



Summary of Analysis
Mass 

Number
Results of 

Measurement
(Amps.)

Molecule Assignment

H2 CH4 H2O N2 + CO O2 CO2 Unknown 

1 9.51e-13 9.51e-13 0 0 0 0 0 0
2 6.11e-11 6.11e-11 2.46e-14 0 0 0 0 0
12 7.17e-13 0 8.12e-14 0 0 0 6.53e-14 5.67e-13 (*)
14 6.69e-13 0 1.61e-13 0 0 0 0 5.08e-13 (*)
15 8.09e-13 0 8.09e-13 0 0 0 0 0
16 2.48e-12 0 9.45e-13 0 0 8.54e-14 7.24e-14 1.38e-12 (*)

17 3.33e-12 0 1.04e-14 1.54e-12 0 0 0 1.79e-12 (*)
18 7.27e-12 0 0 7.27e-12 0 0 0 0
22 1.50e-14 0 0 0 0 0 1.43e-14 0
28 8.31e-12 0 0 0 8.24e-12 0 7.39e-14 0

29 2.22e-13 0 0 0 2.22e-13 0 0 0

32 3.03e-13 0 0 0 0 3.03e-13 0 0

34 0 0 0 0 0 0 0 0
44 7.54e-13 0 0 0 0 0 7.54e-13 0

45 1.42e-15 0 0 0 0 1.42e-15 0
Amps. of 
each 
molecule

– 6.21e-11 2.03e-12 8.81e-12 8.46e-12 3.88e-13 9.81e-13 4.25e-12

Sum of 
others

8.46e-13(**) – – – – – – –

A sort of simultaneous linear equations, but not complete.



Summary of Analysis
Evaporation Pan Test

＊RGA Current of Each Molecule
H2 6.21e-11
CH4 2.03e-12
H2O 8.81e-12
N2+CO 8.46e-12
O2 3.88e-13
CO2 9.81e-13

In order to be on the safe side in the following discussions, the XCH classification 
was established.
XCH Identified as CH4 ＋ Unkowns(*) of Mass(12)(14)(16)(17) + Sum of Others (**)

XCH 7.12e-12

＊Total RGA Current
8.973e-11

＊Total Pressure (Measured by Ionization Gauge)
9.27e-7  Pa

(Amps.)



Evaporation Pan Test
Analyze Residual Gas after 22 days of pumping by Ion pump.

Total Pressure 9.27e-7  Pa

Partial Pressure
H2 6.41e-7 Pa
XCH 7.36e-8 Pa
H2O 9.25e-8 Pa
N2+CO 8.74e-8 Pa
O2 4.01e-9 Pa
CO2 1.01e-8 Pa

• In order to be on the safe side in the following discussions, the XCH classification
was established.

• XCH: Identified as CH4, plus unknown components including other hydrocarbons
and unknown components arising from analysis (including errors).

• XCH is an estimate of the upper limit of hydrocarbon molecules from a pragmatic
point of view.

What is XCH

note: All pressures are shown in nitrogen equivalent.



Evaporation Pan Test
Surface Area of Evaporation Pan 7 x 10-4 m2（Diameter of Evaporation Pan = 3 cm）
Ion Pump Capacity 100 L/s (=100x10-3 m3/sec) 

”Evaporation” Rate per Unit Area of XCH determined by Evaporation Pan Test
(7.36e-8 Pa)x(100x10-3 m3/sec)／(7 x 10-4m2)

= (7.36e-9 Pa m3/sec)／(7 x 10-4m2)
= 1.1e-5 Pa m/sec

In the real target, ferrofluid is a ring which diameter is 3 cm and width is 100 micron, if
you see it from the vacuum chamber. 
The surface area of it:  3.14 x 0.3 m x 100x10-6 m = 1x10-5 m2

XCH ”Evaporation” Rate in the Real Target.
1.1e-10 Pa m3/sec



XCH ”Evaporation” Rate in the Real Target.
1.1e-10 Pa m3/sec

Evaporation Pan Test
Model to Calculate XCH Partial Pressure at Acc. Tube



Upper limit of CH-based gas at upstream end of the accelerating tube: 1.5x10-10 Pa.
We judge it is reasonably safe, according to the past experiences.

Evaporation Pan Test
Results of the Model Calculation

XCH Partial Pressure at Various Points.

The worst point in the 1st accelerating tube.
(Upstream end of the tube.)



Summary

Prototype #2 with Dummy Disk Evaporation Pan Test

Prototype #2Prototype #1



Summary

3. Prototype #2 with Dummy Disk:  Vacuum test with Rotation

4. Evaporation Pan Test

2. Prototype #2:  Vacuum test with Rotation

1. Prototype #1:  Vacuum test with Rotation
• We achieved 6x10-7 Pa.
• However we observed sudden jumps of the pressure (spikes). 

Hight of the spikes is about x 50 of the base pressure.

• Result:         Spikes disappear.
• Conclusion: Two-stage seal is effective
• We achieved 1.1x10-6 Pa.   
(We think that if we could continue the test, we can go better vacuum.)

• We introduce two-stage vacuum seal to prevent spikes.

• We added the dummy disk on the prototype #2.
• We achieved 7x10-7 Pa with dummy disk.
• Spike appears again. But the height is small (x1.5).

• Put ferrofluid in an evaporating pan and put it in the vacuum chamber.
• From the residual gas analysis data, the upper limit of the CH-based gas

in the 1st accelerator tube is estimated to be 1.5x10-10 Pa.
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