











% TMT.AOS.TEC.10.018.REL02 Page 29 of 45
T™T

THIRTY METER TELESCOPE

LGSF CENTER VERSUS SIDE LAUNCH TRADE STUDY REPORT April 20, 2010

The optical path is not as simple and compact as in the previous configuration where only
one laser beam is projected with one launch telescope. The optical layout is given in Figure
18. It includes one pointing mirror (used to steer the laser beam to the right location on the
sky and to correct for any misalignments of the telescope due to thermal and flexure
effects), one quarter wave plate, and one fast steering mirror per beam, a K mirror (used to
maintain the laser guide stars fixed in the LGS wavefront sensor focal plane), a beam
splitter for beam diagnostic measurements, and a beam dump mirror used as a shutter.
The launch telescope is an all-refractive system. The current design utilizes 14 actuators
per side-launch assembly (not including the two shutters located at the exits of the laser
heads). This corresponds to a total of 56 actuators. Finally, this design yields an overall
throughput of 0.86 with the required LGS beam quality.

Figure 17: Side Launch Configuration with Figure 18: Side Launch Configuration with two Laser Guide
two Laser Guide Stars per Launch Stars per Launch Telescope Optical Layout
Telescope (view from below the telescope)

2534 Three laser guide stars per launch assembly

In this configuration, each side-launch assembly projects up to three laser guide stars.
Only three of the four locations described in the previous configuration (side-launch with
two laser guide stars per launch telescope) are used. For the NFIRAOS asterism, each
launch telescope projects two laser beams as illustrated in Figure 7d.

Again for this configuration, the laser launch telescope is installed within the mirror cell but
the laser units (laser heads and laser electronics enclosures) and beam transfer optics
system are below the M1 cell requiring dedicated access platforms and access ways (see
Figure 19). This configuration was quickly rejected because it does not provide any gain in
AO performance in comparison to the center-launched design as demonstrated in
paragraph 2.4.1, and the associated beam transfer optics system is starting to be as
complicated as the center launch’s one.
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2.6

2.6.1

Figure 19: Side launch configuration with three laser guide stars per launch telescope
(view from below the telescope)

OVERALL COMPARISON

In this section, the four selected configurations (Azimuth Structure/Center Launch,
Elevation Journal/Center Launch and the two side-launch configurations with one laser
guide star or two laser guide stars per launch telescope) are compared in terms of i)
operations (lasers and beam fransfer optics), ii) complexity (beam transfer optics), iii)
impacts to other systems (thermal seeing and impacts to the adaptive optics system) and
iv) risk, cost and schedule. AO performance comparisons have already been described in
paragraph 2.4.1.

Laser system operation comparison

Laser System Size & Upgradeability:

As described in Table 1, 6x25W CW lasers are required at first light. Future adaptive optics
systems will require up to 9x25W CW lasers. The laser system required by the NFIRAOS
upgrade system is not yet known.

—  Azimuth Structure / Center Launch Configuration: The laser system is located within
the (=X, =Y) quadrant of the azimuth structure. The volume available is huge and
can house at least 9x25W lasers units (heads and electronics enclosures) as well as
the corresponding laser cooling system if desired. There is a similar volume
available on the (—X, +Y) quadrant of the azimuth structure if required. Adding lasers
in this side of the azimuth structure would require a small modification of the beam
transfer optics optical path.

- Elevation Journal / Center Launch Configuration: Up to 9x25W laser units (heads
and electronics enclosures) can be mounted on the inside of the —X elevation
journal. The laser cooling system is located in the summit facility building, 175m
away from the lasers units. The laser cooling lines will be routed via the two cable
wraps. If necessary, additional lasers could be attached to the +X elevation Journal
side but a re-design of the LGSF Top End would be necessary.

- Side Launch Configuration with one Laser Guide Star per Launch Telescope: Up to
12x25W laser heads in 12 side launch locations within the M1 cell can be used if
necessary (maximum required is 9). The laser electronics enclosures are located
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below the M1 cell in TBD location. As for the Elevation Journal / Center Launch
Configuration, the laser cooling system is located in the summit facility building.

- Side Launch Configuration with two Laser Guide Stars per Launch Telescope: Up to
8x25W laser units in 4 side launch locations below the M1 cell are used. As for the
Elevation Journal / Center Launch Configuration, the laser cooling system is located
in the summit facility building. The side-launch locations could be updated to house
3 or more laser units, but this would require a complete redesign of the side launch
assemblies.

Hot Swap:
- For the Azimuth Structure / Center Launch configuration, if a spare laser is available,

installed in the laser system location and up and running, it will be possible to swap
lasers during operations.

- For the Elevation Journal / Center Launch configuration, if a spare laser is available,
installed in the laser system location and up and running, and if the Elevation
Journal Fold Array 2 is actuated, it will be possible to swap lasers during operations.

- For the side-launch configuration with one laser guide star per launch telescope, this
will be possible if a spare laser is available and if a spare side-launch assembly
location is populated. There will be some potential performance impact however
depending on which guide star a launch telescope has to project.

- For the side-launch configuration with two laser guide stars per launch telescope,
this functionality will be available for the adaptive optics systems requiring less than
eight laser guide stars and when all side-launch locations will be populated. Again,
there will be some potential performance impact depending on which guide star a
launch telescope has to project.

Gravity Orientation:

Except for the Azimuth Structure / Center Launch Configuration, the lasers will be operated
in a variable gravity orientation. Operating in variable gravity orientation should not be a
problem with the new generation of CW lasers.

Vibration coupled to M1:

More vibrations coupled to M1 are expected with the two side-launch configurations
because the side-launch assemblies are directly attached to the M1 cell. The laser cooling
system is located away from the side-launch assemblies but vibrations via the cooling lines
are a concern. Vibration is not such a concern for the two center-launch configurations. In
one case, the laser system is deep down in the azimuth structure and, in the other case,
the laser system is attached to the elevation journal, which does not transmit so much
vibrations to the M1 cell.

Access for installation, removal and maintenance:

Except for the Azimuth Structure / Center Launch Configuration, access for installation,
removal and maintenance will be possible only when the telescope is pointed at zenith.

- Azimuth Structure / Center Launch Configuration:

There will a laser platform and dedicated walkways and stairways to access the
laser system.
A dedicated rail crane mounted above the Laser System location will be used
for installation and/or removal of the laser components (components will be
hoisted from the observatory floor into the Laser System location and vice-
versa).

- Elevation Journal / Center Launch Configuration:
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Access to the lasers will be possible via a laser platform accessible via the
Nasmyth elevator, stairways and walkways.

A dedicated laser handling system (hoist or simpler system TBD) will be
available to install and/or remove a laser component from the elevation journal.
For installation for example, the laser units will be uploaded from the observing
floor to the Nasmyth platform with the observatory enclosure mounted crane,
then transported with a cart to the laser location, and then installed on the
elevation journal with the dedicated laser handling system.

- Side Launch Configuration with one Laser Guide Star per Launch Telescope:

Access to the laser heads will be possible via the M1 cell.
Access to the laser electronics enclosures will be done via dedicated platforms
and walkways located below the M1 cell.
Installation and removal of the beam transfer optics and launch telescope
assembly will be possible with the segment handling crane (TBC).
Installation and removal of the laser heads will be done from the M1 cell using
a forklift for example.
Installation and removal of the laser electronics will be done with dedicated
handling equipment.
Installation and removal of any side-launch components may interfere with the
segment exchange or maintenance operations.

- Side Launch Configuration with two Laser Guide Stars per Launch Telescope:

Access to the laser units will be done via dedicated platforms and walkways
located below the M1 cell.

Installation and removal of the launch telescope assembly will be possible with
the segment handling crane (TBC).

Installation and removal of the laser units will be done with dedicated handling
equipment.

Installation and removal of the launch telescope assembly may interfere with
the segment exchange or maintenance operations.

The comparison of the four selected configurations in terms of laser operation are
summarized in Table 6.
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Azimuth Structure | Elevation Journal | Side Launch (1 LGS Side Launch (2 LGS
& Center Launch & Center Launch | per Launch telescope) | per Launch telescope)

Volume available

OK OK Limited to 8 locations

Hot swap

Possible if all 9 locations | Will not be possible for
are populated. adaptive optics system
requiring more than 8
laser guide stars

Upgradeability

Possible room in Up to 12 side-launch Could populate the side-
+X elevation locations launch locations with 3+
journal but requires lasers per launch

a LGSF top end re- locations. But a launch
design assembly re-design

would be required.

Gravity orientation Variable Variable Variable
Vibration coupled Increased

to M1

Telescope Limited to zenith Limited to zenith Limited to zenith
orientation orientation orientation orientation

required for access

Access for

installation/removal
and maintenance

Possible conflicts with
segment operations

2.6.2

Table 6: Laser operation comparison

Beam transfer optics system operation and complexity

Path length and throughput:

For the side-launch configurations, the beam transfer optics optical path is very short and
the estimated throughput is ~10% larger than for the center-launch configurations. For the
center-launch configurations, having a long optical path is a concern because of possible
turbulence within the ducts leading to beam quality degradation.

Number of actuators and launch telescopes:

The side-launch configurations of course require several launch telescopes, whereas the
center-launch configurations require only one. The number of actuators decreases with the
length of the optical path for the center-launch configurations. The relationship is more
complicated for the side launch configurations, where the number of actuators also
depends of the number of side-launch locations.

Asterism generation:

Pre-defined asterisms are formatted with the asterism generator located at the telescope
top end for the two center-launch configurations. For the side-launch configurations, there
is more flexibility since the launch telescope can be pointed anywhere within a specified
field of view.

Wind-cross section above M1:

There is no wind-cross section impact for the side-launch configurations, since no
components extend above the surface of the TMT primary mirror. This is not the case, of
course, for the two center-launch configurations, because the LGSF Top End and the
optical path stick above the TMT primary mirror.

Access and interfaces:
- Azimuth Structure / Center Launch Configuration:
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The beam ftransfer optics components within the azimuth structure are
accessible via the laser platform and associated walkways and stairways.

The deployable/retractable optical path is accessible via the Nasmyth platform
when the telescope is pointed to zenith. The deployable/retractable optical path
when deployed may interfere with the maintenance of the —X Nasmyth platform
instruments.

The beam transfer optics components mounted on the elevation truss
members are not easily accessible. Depending on the telescope elevation, they
can be accessed from a basket attached to the enclosure-mounted crane.

The LGSF Top End is accessible when the telescope is pointed at horizon from
the top end platform and with the enclosure jib crane.

- Elevation Journal / Center Launch Configuration:

The beam transfer optics components mounted on the elevation truss
members may be easier to access than for the previous configuration.
Depending on the telescope elevation, they can be accessed via the Nasmyth
platform.

The LGSF top end is accessible when the telescope is pointed at horizon from
the top end platform and with the enclosure jib crane.

- Side Launch Configuration with one Laser Guide Star per Launch Telescope:

Access to the beam transfer optics and launch telescope assembly will be
possible via the M1 cell.

Installation and removal of the beam transfer optics and launch telescope
assembly will be possible with the segment handling crane (TBC).
Maintenance, installation and removal of any side-launch components may
interfere with the segment exchange or maintenance operations.

- Side Launch Configuration with two Laser Guide Stars per Launch Telescope:

Access to the launch telescope assembly will be possible via the M1 cell.
Access to the beam transfer optics will be possible from dedicated platforms
and walkways located below the M1 cell.

Installation and removal of the launch telescope assembly will be possible with
the segment handling crane (TBC).

Installation and removal of the launch telescope assembly may interfere with
the segment exchange or maintenance operations.

The comparison of the four selected configurations in terms of beam transfer optics
complexity and operations are summarized in Table 7.
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Azimuth Structure | Elevation Journal | Side Launch (1 LGS Side Launch (2 LGS
& Center Launch & Center Launch per Launch telescope per Launch telescope
Path length 50m

Number of launch
telescopes

Total number of 109 for 9 beams

81 for 9 beams

actuators

Asterism No flexibility No flexibility
generation

Throughput 75% 78%

Wind-cross section | 10m? 10m?

Access for Access via M1 cell
installation/removal

and maintenance

Interfaces Deployable duct Possible conflict with Possible conflict with
interface segment operations segment operations
constraints
Table 7: Beam Transfer Optics system complexity and operation comparison

2.6.3 Thermal seeing

The effect of LGSF heat release has been studied separately. Three simulations were
performed for the two center launch configurations (Azimuth Structure/Center Launch
configuration and Elevation Journal/Center Launch configuration) and for the side-launch
configuration with two laser guide stars per launch telescope assembly. For these
configurations, the following heat dissipation numbers were assumed:
-  Azimuth Structure/Center Launch configuration:
Laser Service Enclosure: 180W
LGSF Top End: 100W equivalent
- Elevation Journal/Center Launch configuration:
Laser System: 360W
LGSF Top End: 100W equivalent
- Side Launch configuration with two laser guide stars per launch telescope
assembly:
4 Side Launch Assembly locations: 100W each

The simulations were performed with the telescope pointing at 0 deg Azimuth and 32.5 deg
Zenith, with the vents opened, and the telescope pointing into the wind with a low wind
speed of 2.5m/s. There was no observable difference in thermal seeing for the two center
launch configurations. For the side launch configuration, the net effect in thermal seeing
was not estimated because the simulation incorporated other changes, but the absolute
difference suggested that the effect was also non-appreciable, noting that 4x100W is a
small fraction of the heat released in the M1 cell. More details regarding these simulations
are given in [RD11].

In conclusion, the impact in terms of thermal seeing is small and cannot be used as a
discriminator between the different configurations. More simulations will be run at different
orientations but we do not expect that this conclusion will be changed.
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264 Impacts on adaptive optics system

26.4.1 Doubled elongation impacts

The main disadvantage of the side-launch configurations is the fact that the spot elongation
seen by the adaptive optics (AO) wavefront sensors (WFS) is doubled in comparison to the
center-launch configurations (see Figure 20). The elongation is due to the finite altitude of
the laser guide stars and the non-zero thickness of the sodium layer and increases with the
launch telescope to sub-aperture separation. So, for TMT, the estimated elongation i)
varies from 0 to 3.82 arcsec for the center-launch configurations and is symmetrical, and ii)
varies from 0 to 7.64” arcsec for the side-launch configurations (side-launch telescopes
located 15m away from the center of the telescope) and is not symmetrical.

To deal with the symmetrical center-launch elongation, TMT with other partners is
developing the polar coordinate detector, which is a high frame rate CCD imager
constituted of small rectangular islands of pixels aligned along the direction of laser guide
star elongation. The number of pixels per sub-aperture for the 60x60 Shack Hartman LGS
WEFS of the TMT NFIRAOS system ranges from 6x6 to 6x15, and is proportional to the
amount of elongation. This concept significantly reduces the total number of pixels in the
detector, allowing a combination of reduced processing requirements, reduced pixel read
rates, lower detector read noise, and improved spatial sampling of the LGS image. The
total number of pixels for the polar coordinate CCD is ~205,000.

a) Elongation pattern with a center launch b) Elongation pattern with a side launch
configuration as seen by a 8x8 Shack configuration as seen by a 8x8 Shack
Hartmann WFS Hartmann WFS

Figure 20: Elongation Pattern for the center and side launch configurations

To deal with the non-symmetrical side-launch elongation, TMT has two options:

- Option 1: using a polar coordinate with a different geometry to match the new
elongation pattern. Based on a study done by Sean Adkins [RD10], the total number
of pixels for this new polar coordinate detector is ~286,000, which corresponds to a
40% increase compared to the center launch configuration polar coordinate detector
(Not all the pixels are used to deal with the elongation). Switching to a side-launch
configuration would require additional prototyping and a re-design of the current
detector layout. In addition, the readout electronics will have to deal with the
increased number of pixels, so more analog channels and clock outputs will be
required, resulting in additional power dissipation at the focal plane electronics and
more interface channels with the AO real time controller (RTC). Finally, some
relatively modest cost increases are foreseen as well as some non negligible
schedule impacts (between 6 to 9 months additional).

-  Option 2: using a very large low-noise and high-speed detector with 25x25 pixels
per sub-aperture or 2,250,000 pixels total (60x60 sub-apertures). There are no such
detectors available commercially. One possible option would be to collaborate with
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ESO. ESO is supporting R&D activities to develop large low-noise detectors with
~2,800,000 pixels for use by the E-ELT adaptive optics systems (The E-ELT laser
guide star facility design is based on a side-launched concept). However, this
solution looks risky with uncertain cost, schedule and performance impacts (in
particular, the expected frame rate of 500Hz does not meet the TMT requirement of
800Hz).

TMT has already invested in the polar coordinate detector for the center-launch
configuration. The risks associated with the side-launch polar coordinate detector (option
1) are well understood and seem to be much lower that the risks associated with option 2
(large low-noise and high-speed detector). So option 2 has been rejected in favor of the
side-launch polar coordinate CCD (option 1).

There are further complications due to the doubled elongation and the use of the side-
launch polar coordinate detector:

- The NFIRAOS RTC will have to process more pixels at the same rate (higher input
bandwidth required and more processing power). Note however, that only the pixel
processing will be impacted, the processing requirements for the wavefront
reconstruction are unchanged (the wavefront reconstruction processing
requirements represent more than 90% of the total processing requirement). We do
not see the increased pixel processing requirement as a big issue. Pixel processing
is a very parallelizable process. So, one way to deal with the increased number of
pixels is to add more processing elements or to use more powerful processing
elements. The two conceptual designs that have been developed in 2009, based on
Xilinx's Virtex-5 FPGA technology are already “old”. Virtex-6 FPGA's are now
available, are more powerful and have higher input bandwidth. The current designs
will be updated anyway and the new pixel processing requirements will be most
likely cost and schedule neutral.

- De-rotation mechanisms will have to be implemented in the LGS WFS optical path
to deal with the elongation pattern rotating with the image of the TMT primary mirror
at the wavefront sensor pupil (pupil rotation issue). Note that the field rotation is
taking care of within the beam transfer optics system and that the pupil rotation is
not an issue with the center-launch configuration because of the symmetrical
elongation pattern. The NFIRAOS team is proposing to use Schmidt prisms as pupil
de-rotator mechanisms. The alignment specifications of the de-rotator prisms (to
limit DM-to-WFS mis-registration) look achievable with commercial available
mounts. Finally, the cost and schedule impacts of implementing such mechanisms
are small.

- The increased number of pixel to process means that the optimization of the pixel
processing algorithm (matched filter algorithm) is more critical’® for the side-launch
configurations and requires brighter natural guide stars for the truth wavefront
sensors (TWFS), resulting in a small degradation in sky coverage for the TWFS.

26.4.2 Other impacts

For the center-launch configurations, and for the first light NFIRAOS system, sodium layer
variability results in identical measurement errors in each LGS WFS. These errors are
reconstructed and applied to the deformable mirror conjugated to “the ground” (DMO). The
truth wavefront sensors (TWFS) are then used to calibrate out this correction.

In the case of the side-launch configurations, sodium layer variability causes different
measurements errors in each LGS WFS. These errors are then reconstructed and applied
to both deformable mirrors (NFIRAOS includes two deformable mirrors conjugated to the
ground and at 11.2km). We do not yet have a solution on how to calibrate out this

'% Needs to be updated more rapidly
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correction with the existing TWFS which observes only a single guide star and cannot
solve for separate errors on two deformable mirrors. This may imply some design
modifications and/or more complicated algorithms for the TWFS and RTC.

2.6.4.3 Summary

The comparison of the four selected configurations in terms of impacts on the adaptive
optics systems are summarized in Table 8.

Azimuth Structure | Elevation Journal | Side Launch (1 LGS Side Launch (2 LGS
& Center Launch & Center Launch | per Launch telescope) | per Launch telescope)

LGS WFS detector Higher: Side-launch polar coordinate detector with

complexity 280,000 pixels, increased readout electronics
complexity and higher power dissipation

RTC complexity Higher (40% more pixels to process)

LGS WFS optical Higher: 1) requires new pupil de-rotator

path complexity mechanisms in LGS WFS optical path and 2)

requires a different layout (smaller hexagonal
asterism).

Matched filter Slight impact on sky coverage

sensitivity
Sodium layer Not clear how to deal with this issue
variability
Table 8: Elongation impacts comparison
2.6.5 Cost, schedule and risk impacts

The cost and schedule difference for the three new configurations (Elevation
Journal/Center Launch configuration and the two side launch configurations) compared to
the Azimuth Structure/Center Launch configuration are summarized in Table 9.

Elevation Journal
& Center Launch

Side Launch (1 LGS Side Launch (2 LGS
per launch telescope — | per launch telescope —

LGSF cost

NFIRAOS and AO
component cost

+$550K

+ 6 to 9 months

+$550K

+ 6 to 9 months

Telescope Identical to
structure cost baseline | |
Total +$1400K

Table 9: Cost and schedule comparison

The cost of the beam transfer optics and launch telescope assembly system has been
estimated for the two center-launch configurations based on detailed designs and vendor
quotes for the center launch telescope assembly. The vendor quotes, received for the
center launch telescope assembly, are significantly higher than the current budget in the
original cost estimate for the Azimuth Structure/Center Launch configuration. So in spite of
the cost savings resulting from the Laser Service Enclosure elimination and the
simplification of the beam transfer optics optical path and LGSF Top End, the cost of the
Elevation Journal/Center Launch configuration is slightly above the previously estimated
cost of the baseline configuration.
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The cost of the side-launch configuration with one laser guide star per launch telescope
assembly has been estimated based on the ESO’s design and vendor quotes for the
ESO’s side launch telescope assembly. The TMT more compact design proposed in
2.5.3.2 is expected to be more expensive. The vendor quotes received for the side launch
telescopes are more expensive than expected.

The cost of the side-launch configuration with two laser guide stars per launch telescope
assembly has been estimated based on the highly conceptual design proposed in 2.5.3.3,
and vendor quotes for the ESO’s side launch telescope assembly. The TMT proposed
design for the launch telescope is again expected to be more expensive.

The cost of adding pupil de-rotator mechanisms within NFIRAOS has been estimated by
the NFIRAOS team.

The cost of using the side-launch polar coordinate detector has been estimated by the
Principal Investigator (Sean Adkins) of the polar coordinate detector project. The polar
coordinate detectors and associated readout electronics are in the critical path of the
NFIRAOS first light adaptive optics system and redesigning the detector layout will also
impact the schedule. The schedule impact of using the side-launch polar coordinate
detector has been estimated as well by the Principal Investigator of the polar coordinate
detector project.

The cost impact on the telescope structure has been discussed with the telescope
structure group.

The main risks of the center launch configurations are:
-  The degraded laser beam quality due to turbulence within the very long optical path
ducts (Possible mitigation: controlled ventilation).

-  The demanding requirements of the center launch telescope (more iterations with
vendors are required to understand which requirements are driving the cost).

-  The LGSF top end impact to wind jitter (Possible mitigation: shorter top end).
The main risks of the side launch configurations are:

- The increased complexity of the side-launch polar coordinate detector and
associated readout electronics (Mitigation: earlier start of the design).

- The increased vibration into the M1 cell because of the laser cooling (Possible
mitigation: best engineering practices).

- The alignment tolerances of the pupil de-rotator mechanisms within the NFIRAOS
laser guide star wavefront sensors (Possible mitigation: best engineering practices).

2.6.6 Summary comparison table

The comparison summary table is given Table 10.
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Azimuth Structure | Elevation Journal | Side Launch (1 LGS Side Launch (2 LGS
& Center Launch & Center Launch per Launch telescope per Launch telescope
AO performance No laser power No laser power
contingency contingency

Laser operation

More complex

More complex More complex

Beam transfer
optics complexity

Less complex Less complex

NFIRAOS and AO - Side launch polar coordinate detectors
frz?ai‘t’:e“ts - Additional pupil de-rotator within NFIRAOS
Risks - Beam quality due to long path - Side launch polar coordinate detector increased

- Demanding laser launch telescope complexity

requirements - Increased vibrations coupled to M1

- Increased wind jitter impacts - Increased complexity of the LGS WFS optical path
Overall cost and Baseline; more Cost increase and

schedule impacts costly than earlier

schedule impact
estimates due to
new laser launch
telescope assembly
cost estimates

2.7

Table 10: Summary comparison table

Note that the estimation of the AO performance in terms of laser power contingency is
based on the AO performance and fratricide simulation results given in 2.4 and the gain in
beam transfer optics and laser launch throughput. The fact that there is no laser power
contingency for the center launch configurations is mitigated by the recent improvement in
throughput within the NFIRAOS LGS WFS optical path. The NFIRAOS LGS WFS optical
path throughput is slightly decreased for the side launch configurations due to the addition
of the pupil de-rotator mechanisms within the optical path.

CONCLUSION

The recommended configuration is the Elevation Journal / Center Launch Configuration.
The side-launched design configurations have slightly better performance. But this gain in
performance does not justify the overall cost increase, and the additional complexity in the
LGS WFS system due to the doubled elongation. In the contrary, the Elevation Journal /
Center Launch Configuration simplifies the beam transfer optics system by mounting back
the lasers within the elevation structure and does not impact the current design of the LGS
WEFS system. For this configuration, the risks seem to be much lower that the risks
associated with the side-launched configurations.






