[image: image9.png]



[image: image10.emf]
[image: image11.png]



KAMIOKA GRAVITATIONAL WAVE TELESCOPE 
KAGRA
KAGRA- T1201108-v1


JGW- T1201108-v1
KAGRA
15 June 2012


Transmission Monitoring Telescope Strawman design;
Discussion of June 14-2012



Youichi Aso, , Riccardo DeSalvo, Shigeo Nagano, Akutsu Tomotada, Kazuhiro Yamamoto
Distribution of this document:

Public
This is an internal working note of the 
KAGRA Large-scale Cryogenic Graviationai Wave Telescope Project.

http://gwcenter.icrr.u-tokyo.ac.jp/en//

Introduction

We discussed a possible design of the Transmission Monitoring Telescope for KAGRA and the possibility of suppressing the 17 m of thermal duct and integrate the Transmission Monitoring Telescope into the cryostat, thus avoiding the thermal load.

The initial motivation is that the Transmission Monitoring Telescope is quite sensitive to warping, exposing it to the end of the thermal duct would expose it to an asymmetric thermal load, and warp its structure.

Another fundamental idea is to make it long enough so that we can use spherical mirrors, and avoid using very expensive parabolic-offset mirrors like in LIGO.

The second motivation of using a long telescope geometry is to allow the use of a cheap tube-like vacuum chamber/cryostat.

A 3 m long geometry, with a small mirror dogleg, see figure 1, has been calculated to yield the required mirror diameter reduction and negligible aberration.

It all fits in a modified mesa-beam structure. 

The last advantage of a cryogenic Transmission Monitoring Telescope is that the coefficient of thermal expansion of stainless steel starts getting smaller at 150oK, and flattens out below 40oK, see figure 2. Therefore a cryogenic telescope structure can be made of stainless steel, thus avoiding the much more expensive Invar necessary in a room temperature telescope.

It was stated that X-Y pitch and Yaw movements are necessary, as well as beam steering.  Question was asked about the cost of cryogenic stepper motor actuators, which are available at less than 100,000¥.
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Figure 1: proposed end telescope. The first mirror is 200 mm diameter, 60 mm thick, 6400 mm radius of curvature sapphire mirror, with a 0.675o angle of incidence. The second mirror is 30 mm diameter, 20 mm thick, -427 mm radius of curvature sapphire mirror, with a 2.65o angle of incidence. The third and fourth mirrors are 30 mm diameter, 20 mm thick, flat sapphire steering mirrors.
[image: image9.png][image: image10.emf][image: image2.png]TEMPERATURE. K




Figure 2. Integrated linear thermal expansion of various materials.
1 Proposed telescope geometry
The proposed telescope geometry is illustrated in figure 3 and 4.  The structure is composed by three bars or tubes, in a triangle configuration, linked by 5 bulkhead plates, roughly equally spaced.
The structure is suspended by two GAS filters from bulkhead 2 and 4
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Figure 3: Proposed telescope geometry, side view.
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Figure 4: Proposed telescope geometry, front view.
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Figure 5: Mesa beam interferometer geometry, top view.

The suspension wires, and the wires suspending the cryostat tube (red in figure 4), come through two ports on the top of the tube in a well understood and effective configuration, copied from the Mesa beam interferometer, illustrated in figure 5.  A third central port can be used for the cryolink.

To allow insertion of the cryostat shield and its superinsulation through the vacuum tube, the wires suspending the cryostat tube are provided with a wire junction at the outer surface of the superinsulation.  The wires suspending the telescope structure are connected to the structure, from above, after insertion of the structure in the tube, and connected by reaching from either side.  Electrical cables descend along these suspension wires (blu in figure 4).
Two pads at the two ends of the suspended telescope structure provide Eddy current damping against the cryostat aluminum inner shield (green in figure 4).

Pitch and Y alignment is obtained by means of the two stepper motors acting, through a soft spring, on the GAS filters suspending the structure.

Short inverted pendulum plates allow for transversal motion of the GAS filter base plate, and are actuated by two additional stepper motors, to produce yaw and Y alignment.
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Figure 6: assembly of a bulkhead mirror mount.

The 30 mm diameter, 20 mm thick, small mirrors are sunk inside the bulkhead thickness, held on their circumference by a wave-spring.  The two steering mirrors are aligned by two micrometric screws and a stepper motor each.
The reduced beam is split on an optical bench mounted on the structure between bulkhead 2 and 3, with a small fraction routed to the external world, for CCD imaging of different focal points, and three other beams monitored by three quadrant diodes, monitoring the position of the spot on the end mass mirror, the beam waist, and the green interferometer spot as illustrated in figure 7.

The main mirror is simply mounted on the last bulkhead with the fixed required angle.

The structure is stiffened with 12 diagonal braces as shown in figure 8, mounted on the sides of each bulkhead pairs.
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Figure 7:  Schematics of the suspended optical bench.
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Figure 8:  Stiffener for the telescope structure, built of bent metal sheet for rigidity.
1.1 Access and maintenance.
Access to the telescope is obtained by removing the end cap, and the bellow section on either side of figure 3.  The bellow connects directly to the end mirror cryostat.  For best stability, the end telescope working temperature will be below 40oK.
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