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Concise definition of vacuum system
Beam tube

Two 3-km vacuum tubes are kept in 2x10-7Pa of vacuum pressure so as to reduce scattering-effects due to residual gas molecules.
The stainless-steel material SUS304L or SUS316 is among the most available for use as long tubes of 3km long and 1m in diameter. Since baking over the entire system of long tubes is not easy, further requiring a large electric power supply, some kinds of surface processing methods for reducing outgas are necessary to be applied to the unit tubes before installation in the tunnel. The ECB method is practically advantageous for large-chamber applications, because it can be performed without any large liquid reservoir or large coating system.

Baffles are characteristic of the beam tubes. The scattered light from the surface of tubes is blocked by the baffle. The surface of the baffle is treated with DLC coatings.

Chamber
Four kinds of vacuum chambers are used in LCGT. The size of each type is dependent in the structure of vibration isolation system for mirrors which are placed in the chamber; SAS + cryogenic mirror suspension in Type A chamber, SAS + mirror suspension in Type B chamber, and stack + mirror suspension in Type C chamber. The stainless-steel material SUS304 is among the most available for use as also large chambers of 1-2m in diameter.
Thirteen chambers are connected by the beam tubes with gate valves of DN1000 or DN400 each other.

Pumping system
From atmospheric pressure to several tens of Pa, a mechanical pump is first operated. A dry pump of the roots type equipped with multi-stages, recently being developed to reach a lower ultimate pressure of several Pa, is available.

To evacuate the system, 67 pumping units are placed at each chamber and every 100m along the 3-km tubes. After the tube pressure is reduced to be on the order of 10-5Pa by operating turbo-molecular pumps, Spatter ion pumps are considered to be most convenient for further pumping and keeping the vacuum.
Glossary
	SAS
	Seismic Attenuation System

	ECB
	Electro-Chemical Buffing

	DLC
	Diamond-Like Carbon

	TMP
	Turbo Molecular Pump

	SIP
	Spatter Ion Pump
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EM: End Mirror

FM: Front Mirror

BS: Beam Splitter

MC: Mode Cleaner

PRM: Power Recycling Mirror

SEM: Signal Extraction Mirror

MMT: Mode Matching Telescope

PD: Photo Detector
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Figure: Schematic drawing of the vacuum-system design.
Table: Specification of the vacuum system
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Beam tube 2

Pressure

2 x 10

-7

Pa

Length 3km 

Diameter 1m

Height of cenetr 1.2m SPI

Connection Flange with Helicoflex

Module tube 450

Length 12m

Thickness 8mm

Material SUS304L with ECB

Bellows 450

Length 0.7m

Thickness 1mm

Height 20mm (16wave)

Material SUS316L

Baffle 450

Height 50mm

Angle 45°

Material SUS304 with DLC coatings 

Chamber

Pressure

2 x 10

-5

Pa

Type A 2mφ x (3.5m + cryostat 3m)  4 SAS, Cryostat

Type B 2mφ x 4.5m  5 SAS, Stack

Type C1 2mφ x 3m  1 Stack

Type C2 1mφ x 2m  3 Stack

Material SUS304 with ECB

Viewport DN160 ? IFO

Feedthrough DN160 ? Control

Gate valve DN1000  10

Gate valve DN400  4

Initial pumping 10

Root pump

100m

3

/h

AC200V

Main pumping unit   67

TMP

1m

3

/s

AC200V

SIP

1m

3

/s

AC200V

Dry pump

15m

3

/h

AC200V

Vacuum gauge

10

-7

 - 10

5

Pa

AC100V DAQ

Gate valve DN200 (2)

Angle valve DN40 (3)
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spec

								#				Electric		Interface

		Beam tube						2

				Pressure

				Length		3km

				Diameter		1m

				Height of cenetr		1.2m								SPI

				Connection		Flange with Helicoflex

		Module tube						450

				Length		12m

				Thickness		8mm

				Material		SUS304L with ECB

		Bellows						450

				Length		0.7m

				Thickness		1mm

				Height		20mm (16wave)

				Material		SUS316L

		Baffle						450

				Height		50mm

				Angle		45°

				Material		SUS304 with DLC coatings

		Chamber

				Pressure

				Type A		2mφ x (3.5m + cryostat 3m)		4						SAS, Cryostat

				Type B		2mφ x 4.5m		5						SAS, Stack

				Type C1		2mφ x 3m		1						Stack

				Type C2		1mφ x 2m		3						Stack

				Material		SUS304 with ECB

				Viewport		DN160		?						IFO

				Feedthrough		DN160		?						Control

		Gate valve				DN1000		10

		Gate valve				DN400		4

		Initial pumping						10

				Root pump								AC200V

		Main pumping unit						67

				TMP								AC200V

				SIP								AC200V

				Dry pump								AC200V

				Vacuum gauge								AC100V		DAQ

				Gate valve		DN200		(2)

				Angle valve		DN40		(3)






