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1 OVERVIEW
An IR alignment telescope/autocollimator will be used to establish the locations of the b
dumps, baffles, PO mirrors, and PO telescopes in the IFO; and to align the optical axes of
telescopes. The autocollimator mode will be used for setting the COS alignment beam par
the IFO optical axis, and for aligning the optical axes of the PO telescopes. The alignmen
scope mode will be used to project a focussed reticle alignment mark for centering the alig
beam, beam-dumps, baffles, PO mirrors, and PO telescopes.

2 COS ALIGNMENT BEAM
The IR autocollimator/alignment telescope will be placed on the SEI platform in HAM3 to 
vide an alignment beam for the 4K IFO, as shown in figure1. First the alignment telescope 
focussed to project an image of the reticle onto a target centered on the ITMx. 

.

Figure 1: Alignment Beams for COS, 4K IFO
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Next the autocollimator will be focussed at infinity and adjusted in pointing angle so tha
reflected reticle image is nulled, making the beam perpendicular to the ITMx. Finally the tilt and
displacement of the autocollimator will be iteratively adjusted until the alignment beam is
centered and perpendicular to the ITMx.

The same procedure will be used in the 2K IFO. However, a periscope adapter will be requ
HAM9 to get around the RM LOS structure, as shown in figure 2. 

.

Figure 2:  Alignment Beams for COS, 2K IFO

3 POSITIONING OF COS OPTICAL ELEMENTS
Ghost alignment beams will be generated by the wedge surfaces of each COC. Each COS
element, e.g. the PO mirrors, beam-dumps, etc., will be positioned by focussing the alig
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telescope and projecting a ghost reticle onto a temporary target centered on each optical e
then by moving the element until the target is centered on the projected reticle. The alig
telescope has a sufficient focus range, and the beam remains centered with the mechan
over the entire focus range. 

3.1. Preliminary Results

A preliminary test of the reticle projection technique was performed with the apparatus s
schematically in figure 3.

Figure 3: Apparatus to test the projected reticle technique

An image of the projection screen--containing a marked cross-hair, a calibrated machinists
and the green light projected image of the reticle from the alignment telescope--was capture
the CCD camera. The marks on the reticle are spaced 1 arc min, and the numbers on t
indicate inches. The CCD camera image is shown in figure 4.

The observed resolution of the edges of the projected reticle was < 0.010 inch, which is equ

to an angular resolution of < rad. The resolution of the reticle image was limited b
pixilation of the CCD camera, which can easily be improved almost an order of magnitude s
by moving the camera closer to the screen. The diffraction limit of the 0.9 inch output apert

the alignment telescope with 1060 nm light is approximately rad. This implies tha

limiting resolution of the reticle image is < inch at the 26 m distance of the projec

screen, and the pointing accuracy of autocollimator is limited to < rad.

The experiment proved that the reticle projection technique can be used to align a target
cross-hair to a fraction of a millimeter, and the autocollimator can be pointed to an accurac

rad.
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Figure 4: CCD image of the projection screen cross-hair with scale and projected reticle 
from the alignment telescope 

4 ALIGNMENT OF PO TELESCOPES
The autocollimator mode will be used for the pre-alignment of the PO telescopes as well as
final alignment and pointing on-site in the IFO. 

4.1. Pre-alignment of PO Telescope

The prealignment of the PO telescopes will proceed in four steps.

4.1.1. Alignment of PO Telescope Housing

Step one is to remove the primary mirror with its mount and to set up the autocollimator p
dicular to the reference surface of the telescope housing by reflecting from the retro-mirror 
against the reference surface of the telescope, as shown in figure 5. Once this has been d
telescope housing and the autocollimator will be locked down and will remain in fixed pos
during the next two steps.
5
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Figure 5: Step one, alignment of PO telescope housing 

4.1.2. Alignment of Optical Axis of PO Telescope

The second step, as shown in figure 6, consists of installing the primary mirror, placing the
retro-mirror against the reference surface at the output aperture of the telescope, and adjus
secondary mirror position to bring the output beam perpendicular to the retro-mirror wi
approximately plane wavefront. The perpendicularity is determined by nulling the displace
of the return image of the reticle as seen through the autocollimator eyepiece. The flatnes
wavefront is determined by sharpening the focus of the return image with the secondary m
much as possible.

Figure 6: Step two, alignment of PO telescope optical axis
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After the optical axis has been established in step two above, the output flange will be mou
the reference surface and the alignment telescope will project a focussed alignment cro
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onto the target on the flange for centering with the optical axis of the PO telescope, as sh
figure 7.

Figure 7: Step three, centering of the output flange with the optical axis

4.1.4. Full Aperture Alignment of PO Telescope

For the final step four, as shown in figure 8, the autocollimator will be moved to the output s
the telescope so as to fill the aperture of the telescope. The barrel of the autocollimator 
inserted into the pre-aligned output flange, which is perpendicular and on-axis with the ref
surface. The large retro-mirror will be independently aligned perpendicular the autocollim
Then, while maintaining the alignment of the telescope by nulling the autocollimator, the se
ary mirror will be fine-adjusted to achieve the best focussed image of the reticle as seen t
the eyepiece of the autocollimator. 

Figure 8: Step four, full aperture alignment of PO telescope
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4.2. On-site Alignment of the PO Telescope in the IFO

The pre-aligned PO telescope will be centered on the alignment beam by focussing the ali
telescope and projecting a cross-hair onto the entrance aperture of the PO telescope.
quently, the PO telescope will be pointed along the axis of the alignment beam by using th
collimating mode. Refer to figures 1, and 2.

4.2.1. Centering Alignment

The center of the primary mirror will be aligned with the axis of the alignment beam by mo
the primary gimbal mount until the temporary alignment target placed near the primary mi
centered on the focussed projected cross-hair image. Next, the entrance-end of the PO te
will be aligned similarly by moving it until the temporary alignment target placed at the entra
end of the telescope housing is centered on the projected cross-hair image. Then the prima
bal mount is locked in place in the middle of its pitch and yaw adjustment range. Any furthe
ing of the telescope will pivot about the center of the primary mirror, maintaining the cent
within the clear aperture.

4.2.2. Pointing Alignment

The alignment beam will be focussed at infinity. A second alignment telescope with a pre
tered reticle will be inserted into the output flange of the PO telescope, and the front end of 
telescope will be tilted in pitch and yaw until the projected cross-hair image is nulled with th
icle of the alignment telescope, as shown in figure 9. The PO telescope is now completely a
with the reference beam.

Figure 9: On-site alignment of PO telescope in the IFO
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5 ALIGNMENT TELESCOPE MOUNTING FLANGE
A conceptual drawing of the alignment telescope mounted in the flange at the back of the P
scope is shown in figure 10. The inside barrel of the flange is perpendicular to the mountin
face, which is the optical reference surface for the PO telescope. The flange will be center
the output beam of the PO telescope by using the projected reticle technique described pre

Figure 10: Alignment telescope with IR CCD camera viewer

Focus Tube

19 oz.
17.5 w/o 
Mount Block

centered
output flange

reticle
9


	file H:\COS\IR autocollimator.fm - printed Thursday, August 27, 1998
	Laser Interferometer Gravitational Wave Observatory
	- LIGO -
	1 overview
	2 COS Alignment Beam
	Figure 1: Alignment Beams for COS, 4K IFO
	Figure 2: Alignment Beams for COS, 2K IFO

	3 Positioning of COS Optical Elements
	3.1. Preliminary Results
	Figure 3: Apparatus to test the projected reticle technique
	Figure 4: CCD image of the projection screen cross-hair with scale and projected reticle from the...


	4 Alignment of PO Telescopes
	4.1. Pre-alignment of PO Telescope
	4.1.1. Alignment of PO Telescope Housing
	Figure 5: Step one, alignment of PO telescope housing

	4.1.2. Alignment of Optical Axis of PO Telescope
	Figure 6: Step two, alignment of PO telescope optical axis

	4.1.3. Centering of PO Telescope Output Aperture
	Figure 7: Step three, centering of the output flange with the optical axis

	4.1.4. Full Aperture Alignment of PO Telescope
	Figure 8: Step four, full aperture alignment of PO telescope


	4.2. On-site Alignment of the PO Telescope in the IFO
	4.2.1. Centering Alignment
	4.2.2. Pointing Alignment
	Figure 9: On-site alignment of PO telescope in the IFO



	5 Alignment Telescope mounting flange
	Figure 10: Alignment telescope with IR CCD camera viewer



