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Chamber style

‘No use of an antechamber

-Distribute synchrotron radiation on the
chamber wall

Material

-Beam duct: Copper
ASM C10100 for vacuum surface
(Oxygen-free electronic copper)
ASM C10200 for cooling channel etc.

(Oxygen-free copper)
<reason>

High heat load (LER)
Radiation shield (HER, LER)

On the top of the beam duct with a 6mm
thick wall,

LER(3.5GeV, 2.6A, 7200h/y)<10° rad/y
HER(8GeV, 1.1A, 7200h/y)<107/ radly

‘Flange: AlISI304 stainless steel
n<i.?
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3.0 0.47015E-1 + 0.14332E-1 16.583 4 3.8073
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Heat load of LER

Maximum linear power density due to
synchrotron radiation is14.8 kW/m.

This leads to, locally,
T=130°C, strain=-0.15% (horizontal).

<fatigue consideration>
-Fatigue test
With 0.15% strain,
fully annealed copper clears 106 cycles,
cold worked copper clears108cycles,
at room temperature.
(Hitachi Works)
At 150°C, with 0.5% strain,
fully annealed copper cleared 104cycles,

and will endure more cycles.
(Hitachi Cable)

-Our case is not serious but we had better
avoid local annealing, i.e. we had better keep
the local temperature lower than140°C.
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Pumping speed estimation

-Gas load comes from desorption due to
synchrotron radiation.

The pressure (Torr) is given by

1mN il
P:K Sq =0.1 g

where
K is the constant
(=3.3x1019 moleculesTorr-11-1),
N is the linear photon density
(=3.3x1018photons s-1 m-Tby averaging
over the arc of LER),
Sd is the distributed pumping speed
(I s=1 m-T1),
n is the photon desorption constant
(molecules photon-1).

The aimed pressure with beam is 10=9_Torr.

For n=10-5, Sd=1000 .... unrealistic.
For n=10-6, Sd=100 | s-1 m -1.. design target

«For Cu duct 1 will be10-6 after 1000Ah
(LER)



Restriction on the vacuum design from the
view of Impedance

-step <0.5mm

-Pumping slot must be a slot seen from beam
but must be backed up with a grid to reduce
the penetration of beam induced field which
causes heating up of pump elements.

‘mask(about 2000 in the arc) height < 5mm

‘Bellows, Flange gap must be bridged with RF
contact.



Pumping scheme

-Pumping using pumping ports(LER only).
In case for a wrong design of grid
dimension, leave the possibility of adding a
second grid.

Principle of pump layout

-Roughing port
100 I/s (NET), every 40m

Roughing system is portable and removed
during beam operation

«lon pump
100l/s (NET), every 10m

‘NEG cartridge
100/s (NET), every 1Tm

This gives Sd=100 | s-1 m -1,

Actually, with an irregularity of pump
separation, Sd=75 1 s-1 m-1
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Effective Pumping Speed [1/s/m]

150

LER Effective Pump

ing S

peed

T T T T T T T T T T T T T T

T T




Surface treatment
<purpose>
Reduce the desorption and avoid frequent
conditioning of NEG during commissioning.
<process:>
Remove a dirty surface layer after drawing
(about mm) and create a new (clean) oxide
layer.

(1) Acid etch

1.Alkaline soak

2.Rinse with tap water

3.Acid etch
H2SO4:HNO3:water=1:1:7~10(Vol)
with bit of HCI

4.Rinse with tap water

5.Rince with demineralized water

6.Dry with boil off N2

/.Keep in dry N2 atmosphere

(2) Chemical polishing
1.Alkaline soak
2.Rinse with tap water
3.Chemical polishing (contains H202 and
H2SO4)
4.Rinse with tap water
5.Conditioning with H2SO4
6.Rinse with tap water
/.Cleaning with demineralized water jet
8.Dry with boil off N2
9.Keep in dry N2 atmosphere
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Photo-desorption coefficient [mole./photon]
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Photo-desorption coefficients [mole./photon]

Acid etch + passivation by Chromic acid
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Chambers

B chamber
For bending magnet.
Don't anneal the wall where the heat load is
maximum.
Has pumping ports.

-Q chamber
With BPM block
Fixed to Q magnet
Symmetrical cross section.

S chamber
Straight
Has pumping ports.

From fabrication to installtion on magnets
-At factory
1.fabrication
2.leak test
‘At KEK
3.Bake out with full set up
4.Dry N2 purge and close with flange
5.Stored till installation
6.Installation
7.Connection of chambers with bellows
8.under 'dry tent'.
9.Pumping down without baking
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Components

‘BPM block
About 100 blocks will deform due to the
heat from synchrotron radiation. The
deformation at the position of a pick up
Is10 to 20 um.

‘Bellows
Finger contacts with pressing force less
than 30g are abnormally heated in the RF
test with 508 MHz continuous wave up to
80 kW (AC power by beam is about 10 kW)

«Slot
Grid size is 4x5mm.

‘NEG module, strip holder
KEK design (Hisamatsu)

‘Flanges at the end of a beam duct
Al spacer for RF bridge. Helicoflex delta for
vacuum seal.
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Power Loss / 10kW Input [W]

Power Loss Rate vs Contact Force
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Power Loss [W]
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