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A Basic Design of IR Vacuum system

Y. Suetsugu, KEK

• Possibility of a pumping system without in-situ 
baking at z < L*
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Introduction_1
• 0-th draft of IR region (A. Seryi)

– Starting point

L*
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Introduction_2

• Required pressures
– For z < L* : 1 ~ 10 x 10-7 Pa (= 1 ~ 10 nTorr)
– Up to 200 m from IP: ≤1x10-7 Pa (= 1 nTorr)

L*

Focused here
(by L. Keller, 15/8/2007)
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Introduction_3

• The first consideration by O. Malyshev (2007/8/16)
– Very reasonable design.
– NEG coating at z < L* should be effective.

QD0 cryostat
cold bores, 2K

QF1 cryostat
cold bores, 2K

Be part TiZrV coated

~4m
z=4m z=7.3m z=9.3m z=12.5m

0.2m
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Introduction_4

• The first consideration by O. Malyshev (2007/8/16)
– Very reasonable design.
– NEG coating at z < L* should be effective.

• However,
– Baking in-situ at 180 - 200 °C is indispensable to make use of 

the NEG coating.
– Is it available?

• Dangerous to the detector circuit.
• Mechanical strength?

– Is the capacity of the NEG-coating sufficient?

• How about a system without in-situ baking?
– Is it possible?
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Pump system_1

• Assumptions
– Pre-baking before assembling should be done.
– The chambers should be treated carefully after the 

pre-baking to avoid any contamination.
– Water should be kept away as much as possible.

– Thermal gas desorption rate without baking:
• After 10 hours evacuation:

CO: 2 x10-7 Pa m3 /s/m2 (~ 2 x10-10 Torr l /s/cm2)
H2: 2 x10-6 Pa m3 /s/m2 (~ 2 x10-9 Torr l /s/cm2)

• After 100 hours evaculation (after 4 days)
CO: 2 x10-8 Pa m3 /s/m2 (~ 2 x10-11 Torr l /s/cm2)
H2: 2 x10-7 Pa m3 /s/m2 (~ 2 x10-10 Torr l /s/cm2)

• About 20 times larger than those after baking (O. Malyshev)
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Pump system_2

• Assumptions
– Distributed pumping to effectively evacuate these 

conductance-limited beam pipes
– Use NEG strip : ST707 (SAES Getters), for ex.

St707 NEG strip

CO:0.1 l/s/cm2

~ 60 l/s/m

H2:1 l/s/cm2

~ 600 l/s/m

30 mm

After some saturation
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Pump system_3

• Assumptions
– QD0 = Cryopump (at T = 2 K[?])
– Pumping speed

– Peq << P
– Cg = 0.1
– As a first approx.
– SH2 = 3.6 m3/s/m2

=036 l/s/cm2

– If r = 10 mm,
SH2 = 0.22 m3/s/m

=220 l/s/m
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A: Area
Peq: Equilibrium pressure
m: mass of gas molecule
T: Temperature
Cg: Sticking coefficient
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Pump system_4

• If no pump at cone region (z < L*)
– NEG pump just before QD0

L*

Pump
Lumped pump 
may be OK

9 m

NEG strip

Ceramics support

Beam channel Pump channel

Ex.

24 l/s
84 l/s

220 l/s/m
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Pump system_5

• Pressure distribution after 100 hours evacuation
• Calculated by a Monte Carlo code

Some pumping are 
required at z < L* !

– Q = 2x10-8 Pa m3 /s /m2

for CO
– P (z < L*) > 1x10-6 Pa!
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Pump system_6

• For example, NEG pumps at the last 1 m of cone

L*

Pump

1 m
24 l/s 84 l/s

220 l/s/m

60 l/s

NEG strip
Ex.
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Pump system_7

• Pressure distribution after 10 hours evacuation
– Q = 2x10-7 Pa m3 /s /m2 for CO
– Q = 2x10-6 Pa m3 /s /m2 for H2

P > 1 x10-6 Pa

CO H2
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Pump system_8

• Pressure distribution after 100 hours evacuation
– Q = 2x10-8 Pa m3 /s /m2 for CO
– Q = 2x10-7 Pa m3 /s /m2 for H2

P < 1 x10-6 Pa !

CO H2
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Pump system_9

• If some pumps (~120 l/s) is prepared at cone, no 
in-situ baking system may be possible.  

• Wait for several days.
• Some space is required 

for pumps.  
• Is it allowable? Pump

Pump

OR

Pump
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Pump system_10

• Possible for GLD

Pump
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Pump system_11

• for LDC

Pump

(by N. Meyners )
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Pump system_12

• for SiD

Pump?
Pump?

(by B. Cooper)
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Pump system_13

• Gas desorption by SR
• Problem as Malyshev-san said

– Information from T. Maruyama-san (8/2/2007)
• SR from beam halo (halo rate ~ 10-3)
• At extraction line, average photon energy = 7 MeV, 

power = 60 mW, from 3.5 m to 6.5 m
• Photon density is about 2x1010 photons/s/m
• If 1x1011 photons/s/m and η = 0.1 are assumed, 
• Qphoton = 4x10-11 Pa m3/s/m @ 293 K ~1x10-10 Pa m3/s/m

~1x10-9 Pa m3/s/m2

• Still below the thermal gas desorption.
• Similar order of gas desorption by e-/e+.
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Pump system_14

• Qphoton = 1x10-9 Pam3/s/m2 for QD0 (2 K)

H2, Qphoton = 1x10-9 Pam3/s/m2
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Pump system_15

• Heating by HOM
– Loss factor, k, of a simple cone
– ~4x1014 V/C @σz = 0.3 mm
– q = 3.2 nC, 5400 bunch, 

5Hz : I = 8.6x10-5 A
– P = kqI x2 = 220 W
– Other components?

• SR crotch?

Air cooling ?
Water cooling may be safe.

Cal

Extrapolation
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Pump system_16

• Other components
– Auxiliary pumps

• Ion pumps (for noble gases), rough pumps
– Vacuum gauges
– Bellows
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Pump system_17

• Layout

NEG strip

TMP

Dry pump Ion
Pump

Vacuum
Gauge

ValveValve?

?

Option
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Summary

• Pumping system without in-situ baking
– If any pumps are available at z < L*, and waiting for 

several days is allowable, it may be possible.
– Water  cooling may be safe.

• Mild baking using the cooling channel may be helpful.
• Issues to be discussed 

– Design of beam pipe inside of cryogenic system.
• Transition from 2 K to room temperature

– Detailed consideration about gas desorption by 
SR, ions

• Experience in LEP, LHC
– Connection of beam pipes

• Quick clump?
– RF-shielding of bellows, flanges (?)
– ……….
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References

• Dimension of gate valve
– From VAT catalogue
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