ILRS SLR MISSION SUPPORT REQUEST FORM (version: March 2016)

SUBMISSION STATUS:
(® New Submission (default)

(O Incremental Submission (accepted only for a follow-on mission; fill-in new information only)

(provide the reference mission and the date approved by the ILRS:

SECTION I: MISSION INFORMATION:

General Information:

Satellite Name: |CESat-2

Satellite Host Organization: NASA

Web Address: Www.icesat.gsfc.nasa.gov/icesat?/

Contact Information:

Primary Technical Contact Information:

Name: Scott Luthcke

Organization and Position: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
Address: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771

Phone No.: 301-614-6112

E-mail Address: S¢ott.B.Luthcke@nasa.gov

Alternate Technical Contact Information:

Name: Tom Neumann

Organization and Position: NASA GSFC Code 615, ICESat-2 Deputy Project Scientist

Address: 8800 Greenbelt Road B33/A220 Greenbelt, MD 20771

Phone No.: 301-614-5923

E-mail Address: 1homas.Neumann@nasa.gov

Primary Science Contact Information:

Name: Scott Luthcke

Organization and Position: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief




Address: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771
Phone No.: 301-614-6112
E-mail Address: SC€ott.B.Luthcke@nasa.gov

Alternate Science Contact Information:

Name: Tom Neumann

Organization and Position: NASA GSFC Code 615, ICESat-2 Deputy Project Scientist
Address: 8800 Greenbelt Road B34/W298 Greenbelt, MD 20771
Phone No.: 301-614-5923

E-mail Address: 1homas.Neumann@nasa.gov

Mission Specifics:

Scientific or Engineering Objectives of Mission:
(specify)

ICESat-2 Baseline Science Requirements

a) ICESat-2 shall produce an ice surface elevation product that enables the determination of
ice sheet elevation change rates to an accuracy of better than or equal to 0.4 cm/yr on an
annual basis.

b) ICESat-2 shall produce an ice surface elevation product that enables determination of

Role of Satellite Laser Ranging (SLR) for the Mission:
(specify)

Satellite Laser Ranging is highly precise ranging primarily used as independent validation
and quantification of GPS-based precision orbit determination (POD). In addition, SLR is
used in combination with GPS data to improve overall POD accuracy.

Anticipated Launch Date: September 2018

Expected Mission Duration: ° Y&&r goal

Required Orbital Accuracy: 3 cm 1-sigma radial, and 20 cm 1 sigma RSS Along and Cross - tre

Anticipated Orbital Parameters:

Altitude (Min & Max for eccentric orbits): 483-512 km




92
0.001398

Inclination: degrees

Eccentricity:

Orbital Period: 94-16 minutes

Frequency of Orbital Maneuvers: — ~ Every 4 days

Mission Timeline:
(example)
Should include when SLR is to start within the mission timeline, such as "on insertion into orbit" or "launch +N" days.

Launch: September 1st, 2018

LEO: 1 Sep 2018 - 1 Nov 2018
Phase E: 1 Nov 2018 - 31 Oct 2021
Phase F: 1 Nov 2021 - 31 Oct 2022
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Tracking Requirements:

Tracking Schedule: (O horizon-to-horizon ~ (® custom (specify: 40-60deg station dependent )

Spatial Coverage: QO global ILRS network (® custom (specify: only stations that can guarant)

Temporal Coverage: @® full-time O custom (specify: )
Normal Point Bin Size (Time Span): o seconds

(Choose one from 5, 15, 30, 120 and 300 seconds. Justify if other bin size is required.)
(See the “Bin Size” of other satellites on the ILRS Web site at
http://ilrs.gsfc.nasa.gov/missions/satellite_missions/current _missions/index.html .)

Prediction Center:  |CESat-2 POD at NASA/GSFC

Prediction Technical Contact Information:

Name: Scott Luthcke

Organization and Position: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab C
Address: 8800 Greenbelt Road B34/S5296B Greenbelt, MD 20771

Phone No.: 301-614-6112

E-mail Address: SCott.B.Luthcke@nasa.gov

Priority of SLR for POD: (O Primary (® Secondary (O Backup
Other Sources of POD:

GNSS [ DORIS [ Accelerometer other (specify: altimetry )




Other comments on mission information:
(specify) (list backup prediction centers and references/links to non-SLR techniques if available)



SECTION II: TRACKING RESTRICTIONS:

Several types of tracking restrictions have been required during some satellite missions. See
http://ilrs.gsfc.nasa.gov/satellite_missions/restricted.html for a complete discussion.

1) Elevation restrictions: Certain satellites have a risk of possible damage when ranged near the
zenith. Therefore a mission may want to set an elevation (in degrees) above which a station may
not range to the satellite.

2) Go/No-go restrictions: There are situations when on-board detectors on certain satellites are
vulnerable to damaged by intense laser irradiation. These situations could include safe hold
position or maneuvers. A small ASCII file is kept on a computer controlled by the satellite's
mission which includes various information and the literal “go” or “nogo” to indicate whether it
is safe to range to the spacecraft. Stations access this file by ftp every 5-15 minutes (as specified
by the mission) and do not range when the flag file is set to “nogo” or when the internet
connection prevents reading the file.

3) Segment restrictions: Certain satellites can allow ranging only during certain parts of the pass as
seen from the ground. These missions provide station-dependent files with lists of start and stop
times for ranging during each pass.

4) Power limits: There are certain missions for which the laser transmit power must always be
restricted to prevent detector damage. This requires setting laser power and beam divergence at
the ranging station before and after each pass. While the above restrictions are controlled by
software, this restriction is often controlled manually.

Many ILRS stations support some or all of these tracking restrictions. You may wish to work through
the ILRS with the stations to test their compliance with your restrictions or to encourage additional
stations that are critical to your mission to implement them.

The following information gives the ILRS a better idea of the mission's restrictions. Be aware that once
predictions are provided to the stations, there is no guarantee that forgotten restrictions can be
immediately enforced.

Are there any science instruments, detectors, or other instruments on the spacecraft that can be damaged
or confused by excessive radiation, particularly in any one of these wavelengths (532nm, 1064nn, 846nm,
or 432nm)?

O No ® Yes (specify the instrument or ATLAS, 532 nm
detector in question, providing
the wavelength bands and
modes of sensitivity.)

Are there times when the LRA (Laser Retroreflector Array) will not be accessible from the ground?

O No ® Yes (specify: during maneuvers and non-science modes

(If so, go/nogo or segmentation files might be used to avoid ranging an LRA that is not accessible.)

-> Skip the next questions and go directly to SECTION III if you answered “No” to both of the

above questions.



Is there a need for an elevation tracking restriction?

O No @ Yes(What elevation (minimum to maximum in degrees)? 0-90 degrees )

Is there a need for a go/no-go tracking restriction?

O No ® Yes (Explain the reason(s) for maneuvers and non-science modes )

Is there a need for a pass segmentation restriction?

® No O Yes (Explain the reason(s) )

Is there a need for a laser power restriction?

® No

O Yes (Under what circumstances? )
(What is the maximum permitted power level at the satellite (nJ/cm?)? )
(Is manual control of laser transmit power acceptable? O Yes O No)

For ILRS stations to range to satellites with restrictions, the mission sponsor must agree to the
following statement:

“The mission sponsor agrees not to make any claims against the station or station contractors or
subcontractors, or their respective employees for any damage arising from these ranging activities,
whether such damage is caused by negligence or otherwise, except in the case of willful misconduct.”

Please provide signature to express agreement to above statement:

Signature: Swﬁg W

July 24, 2018

Date:

Name (print): S¢Oft B. Luthcke

Organization and Position: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief

Other comments on tracking restrictions:
(specify)

During maneuvers and when ATLAS is in non-science mode the Go/NoGo flag will be set to
NoGo to prevent lasing the satellite. During maneuvers this will keep SLR stations from
wasting their time ranging when they may not be able to get returns, and under other
circumstances will prevent instrument calibration data from potentially getting corrupted by
the SLR data.

Under normal ATLAS science operations, SLR stations will need to monitor the Go/NoGo
flag and follow the elevation restriction which limits lasing of the satellite when it is above the
specified elevation limit for each station. The pre-launch elevation restriction for most
stations is 50 degrees, however, this will be tested during ATLAS commissioning and the



SECTION III: RETROREFLECTOR ARRAY INFORMATION:

A prerequisite for accurate reduction of laser range observations is a complete set of pre-launch
parameters that define the characteristics and location of the LRA on the satellite. The set of parameters
should include a general description of the array, including references to any ground-tests that may
have been carried out, array manufacturer and whether the array type has been used in previous satellite
missions. So the following information is requested:

Retroreflector Primary Contact Information:

Name: Scott Luthcke

Organization and Position: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
Address: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771

Phone No.: 301-614-6112
E-mail Address: S¢ott.B.Luthcke@nasa.gov

Array type:
O Single reflector O Spherical ® Hemispherical/Pyramid O Planar
Q other (specify: )

Attach a diagram or photograph of the satellite that shows the position of the LRA, at the end of this
document.

Attached

Attach a diagram or photograph of the whole LRA at the end of this document.
@® Attached (O Same as above, Not attached (acceptable only for a cannonball satellite)

Array manufacturer:
ITE, Inc.

Link (URL and/or reference) to any ground-tests that were carried out on the array:

Has the LRA design and/or type of cubes been used previously?
O No @ Yes (LlSt the mission(s); ICESAT, JASON-1, JASON-2, JASON-3, ADEOS'b




For accurate orbital analysis it is essential that full information is available in order that the 3-
dimensional position of the satellite center of mass may be referred to the location in space at which the
laser range measurements are made. To achieve this, the 3-D location of the LRA phase center must be
specified in a satellite-body-fixed reference frame with respect to the satellite’s mass center. In practice
this means that the following parameters must be available at 1 mm accuracy or better.

Define the satellite-body-fixed XYZ coordinates (i.e. origin and axes) on the spacecraft:
(specify) (add a diagram in the attachment)

The Observatory Master Reference coordinate system is defined by creating axes
perpendicular to the two indicated mirror cube faces using the laser tracker (see Figure 1 in
appendix) and then creating the third axis perpendicular to the two measured. The created
coordinate system is then projected on a reference location defined as the center of a 12"
SMR mirror ball on a .702” offset mount.

Relate the satellite-body-fixed XYZ coordinates to a Celestial/Terrestrial/Solar Reference Frame
including the attitude control policy:
(specify) (add a diagram in the attachment)

The SBF to J2000 attitude will be given as quaternions. J2000 --> ECEF quaternions are
also know to relate to terrestrial frame.

The 3-D location of the satellite’s mass center in satellite-body-fixed XYZ coordinates is:
O Always fixed at (0, 0, 0)
QO Always fixed at ( , , ) in mm
® Time-varying by approximately ( ) mm during the mission lifetime.
Will a time-variable table of the mass center location be available on the web?
O No ® Yes (URL:  Site to be provided prior to launch )

The 3-D location (or time-variable range) of the phase center of the LRA in the satellite-body-fixed
XYZ coordinates:
(~l2BB.r4 04493 1383.8Y ) inmm

The following information on the corner cubes must also be supplied.

The XYZ coordinates referred to in the following are given in:
@® Satellite-body-fixed system (same as above)

O LRA-fixed system (specify below)
(specify the origin and orientation) (add a diagram in the attachment )



List the position (XYZ) of the center of the front face of each corner cube, and the orientation (two
angles or normal vector) and the clocking (horizontal rotation) angle of each corner cube. Note that
the angles should be clearly defined.

® Attached at the end of this document

O Listed here (acceptable for small number (10 or fewer) of corner cubes)
(specify) (add a diagram in the attachment)

See Table 1 of appendix. Origin is the optical center of the array.

Is the corner cube recessed in its container (i.e. can the container obscure a part of the corner cube)?
® No O Yes (specify below)

(specify) (add a diagram)

The size of each corner cube: Diameter (31.75 )mm Height (23.4 ) mm

The material from which the cubes are manufactured (e.g. quartz):
Suprasil

The refractive index of the cube material

= 1.46071 for wavelength A = 0.532 micron
— nN=1.4496 at 1064 nm, n= 1.45637 at 656.3 nm,

as a function of wavelength A (micron):

The group refractive index of the cube material, as a function of wavelength A (micron):

= 1.4853 for wavelength A = 0.532 micron
— ng =1.4624 at 1064 nm

as a function of wavelength A (micron):




Dihedral angle offset(s) and manufacturing tolerance (in arcseconds):
1.5+0.5

Radius of curvature of front surfaces of cubes:

@® Not applied O Yes (specify: )

Flatness of cubes’ surfaces:
N10

Back-face coating:

O Uncoated @® Coated (specify the material: Nickel-chromium alloy )

Other comments on LRA:

(specify) (add a reference to a study of the optical response simulation/measurement if available) (add a diagram if applicable)



SECTION IV: MISSION CONCURRENCE

. , ICESat-2 .
As an authorized representative of the mission, [ hereby

request and authorize the ILRS to track the satellite described in this document.

Name (print): Scott B. Luthcke

o . NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
Organization and Position:

Signature: Swi—g LM

Date: July 24, 2018

Send form to: ILRS Central Bureau
c/o Carey Noll
NASA GSFC
Code 690
Greenbelt, MD 20771
USA
301-614-6542 (Voice)
301-614-6015 (Fax)
Carey.Noll@nasa.gov



SECTION V: ATTACHMENT(S)
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	submission staus: New
	provide the reference mission and the date approved by the ILRS: 
	Satellite Name: ICESat-2
	Satellite Host Organization: NASA
	Web Address: www.icesat.gsfc.nasa.gov/icesat2/
	Name: Scott Luthcke
	Organization and Position: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
	Address: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771
	Phone No: 301-614-6112
	Email Address: Scott.B.Luthcke@nasa.gov
	Organization and Position_2: NASA GSFC Code 615, ICESat-2 Deputy Project Scientist
	Address_2: 8800 Greenbelt Road B33/A220 Greenbelt, MD 20771
	Phone No_2: 301-614-5923
	Email Address_2: Thomas.Neumann@nasa.gov
	Name_3: Scott Luthcke
	Organization and Position_3: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
	Name_2: Tom Neumann
	Address_3: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771
	Phone No_3: 301-614-6112
	Email Address_3: Scott.B.Luthcke@nasa.gov
	Name_4: Tom Neumann
	Organization and Position_4: NASA GSFC Code 615, ICESat-2 Deputy Project Scientist
	Address_4: 8800 Greenbelt Road B34/W298 Greenbelt, MD 20771
	Phone No_4: 301-614-5923
	Email Address_4: Thomas.Neumann@nasa.gov
	specify: ICESat-2 Baseline Science Requirements

a) ICESat-2 shall produce an ice surface elevation product that enables the determination of ice sheet elevation change rates to an accuracy of better than or equal to 0.4 cm/yr on an annual basis.
b) ICESat-2 shall produce an ice surface elevation product that enables determination of annual surface elevation change rates on outlet glaciers to an accuracy of better than or equal to 0.25 m/yr over areas of 100 km2 for year-to-year averages.
c) ICESat-2 shall produce an ice surface elevation product that enables determination of surface elevation change rates for dynamic ice features that are intersected by its set of repeated ground-tracks to an accuracy of better than or equal of 0.4 m/yr along 1-km track segments.
d) ICESat-2 shall produce an ice surface elevation product that enables resolution of winter (accumulation) and summer (ablation) ice-sheet elevation change to 10 cm at 25-km x 25-km spatial scales.
e) ICESat-2 shall provide monthly surface elevation products to enable, when sea surface height references (leads) are available and under clear sky conditions, the determination of sea-ice freeboard to an uncertainty of less than or equal to 3 cm along 25-km segments for the Arctic and Southern Oceans; the track spacing should be less than or equal to 35 km at 70 degrees latitude on a monthly basis.
f) ICESat-2 shall make measurements that span a minimum of three years.
g) ICESat-2 shall produce an ice surface elevation product that, in conjunction with ICESat-1, enables determination of elevation changes on a decadal time scale.
h) ICESat-2 shall produce elevation measurements that enable independent determination of global vegetation height, with a ground track spacing of less than 2 km over a 2-year period.
i) The ICESat-2 Project shall conduct a calibration and validation program to verify delivered data meet the requirements in a, b, c, d, e, g and h above.


ICESat02 Threshold Science Requirements

a) ICESat-2 shall produce an ice surface elevation product that enables determination of ice sheet elevation change rates to an accuracy of better than or equal to 2 cm/yr on an annual basis.
b) ICESat-2 shall produce an ice surface elevation product that enables determination of annual surface change rates of outlet glaciers to an accuracy of better than 0.50 m/yr over areas of 100 km2 for year-to-year averages.
c) ICESat-2 shall produce an ice surface elevation product that enables determination of surface elevation change rates for dynamic ice features that are intersected by its set of repeated ground-tracks to an accuracy of better than or equal to 0.8 m/yr along 1-km track segments.
d) ICESat-2 shall produce an ice surface elevation product that enables resolution of winter (accumulation) and summer (ablation) ice-sheet elevation change over slopes less than 1 deg to 5 cm at 25-km x 25-km spatial scales.
e) ICESat-2 shall provide monthly surface elevation products to enable, when sea surface height references (leads) are available and under clear sky conditions, the determination of sea-ice freeboard to an uncertainty of less than or equal to 3 cm along 50-km segments for the Arctic and Southern Oceans; the track spacing should be less than or equal to 35 km at 70 degrees latitude on a monthly basis.
f) ICESat-2 shall make surface elevation measurements over ice sheets and sea ice for no less than a 3-year duration for at least 182 days each year to provide seasonal sampling.
g) The ICESat-2 Project shall conduct a calibration and validation program to verify delivered data meet the requirements in a, b, c, d and e above.


	specify_2: Satellite Laser Ranging is highly precise ranging primarily used as independent validation and quantification of GPS-based precision orbit determination (POD). In addition, SLR is used in combination with GPS data to improve overall POD accuracy.
	Anticipated Launch Date: September 2018
	Expected Mission Duration: 5 year goal
	Required Orbital Accuracy: 3 cm 1-sigma radial, and 20 cm 1 sigma RSS Along and Cross - track
	Altitude Min  Max for eccentric orbits: 483-512 
	Inclination: 92
	Eccentricity: 0.001398
	Orbital Period: 94.16 minutes
	Frequency of Orbital Maneuvers: ~ Every 4 days
	example Should include when SLR is to start within the mission timeline such as on insertion into orbit or launch N days: Launch: September 1st, 2018
LEO: 1 Sep 2018 - 1 Nov 2018
Phase E: 1 Nov 2018 - 31 Oct 2021
Phase F: 1 Nov 2021 - 31 Oct 2022 

SLR tracking should start during science calibration checkout as part of LEO. This time frame is predicted to be ~ 2 weeks after launch, but will be dependent on early orbit checkout activities.
	specify custom tracking schedule: 40-60deg station dependent
	spatialCoverage: custom
	trackingSchedule: custom
	specify custom spatial coverage: only stations that can guarantee meeting elevation cutoff requirements
	temporalCoverage: fullTime
	specify custom temporal coverage: 
	Normal Point Bin Size Time Span: 5
	Prediction Center: ICESat-2 POD at NASA/GSFC
	Name_5: Scott Luthcke
	Organization and Position_5: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
	Address_5: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771
	Phone No_5: 301-614-6112
	Email Address_5: Scott.B.Luthcke@nasa.gov
	Priority of SLR for POD: Secondary
	GNSS: On
	DORIS: 
	Accelerometer: 
	undefined_4: On
	other specify: altimetry
	other comments - mission: 
	unsafeWavelengths: Yes
	unsafe wavelengths: ATLAS, 532 nm
	LRA accessibility from ground: during maneuvers and non-science modes
	LRAAccessibilityFromGround: Yes
	specify tracking restrictions: During maneuvers and when ATLAS is in non-science mode the Go/NoGo flag will be set to NoGo to prevent lasing the satellite.  During maneuvers this will keep SLR stations from wasting their time ranging when they may not be able to get returns, and under other circumstances will prevent instrument calibration data from potentially getting corrupted by the SLR data. 

Under normal ATLAS science operations, SLR stations will need to monitor the Go/NoGo flag and follow the elevation restriction which limits lasing of the satellite when it is above the specified elevation limit for each station.   The pre-launch elevation restriction for most stations is 50 degrees, however, this will be tested during ATLAS commissioning and the elevation limit may be raised.  Stations in the ILRS who are being asked to support ICESat-2 tracking are being communicated with directly.  As time progresses more stations will be asked to track.

	elevationTrackingRestriction: Yes
	Elevation tracking restriction: 0-50
	Go/No go tracking restriction: for maneuvers and non-science modes
	goNoGoTrackingRestriction: Yes
	Pass segmentation restriction: 
	passSegmentationDescription: No
	laserPowerRestrictions: No
	Under what circumstances: 
	What is the maximum permitted power level at the satellite nJcm2: 
	manualControlOfLaserPowerAcceptable: 
	trackingDate: July 24, 2018
	trackingName: Scott B. Luthcke
	trackingOrg: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
	Name_6: Scott Luthcke
	Organization and Position_6: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
	Address 1: 8800 Greenbelt Road B34/S296B Greenbelt, MD 20771
	Address 2: 
	Phone No_6: 301-614-6112
	Email Address_6: Scott.B.Luthcke@nasa.gov
	arrayType: hemispherical/pyramid
	specify array type if other: 
	Attached: On
	LRADiagramAttached: attached
	Array manufacturer: ITE, Inc.
	Link URL andor reference to any groundtests that were carried out on the array 1: 
	Link URL andor reference to any groundtests that were carried out on the array 2: 
	missions where LRA design or type of cubes previously used: ICESAT, JASON-1, JASON-2, JASON-3,  ADEOS-2, GFO-1
	LRADesignUsedPreviously: Yes
	specify add a diagram: The Observatory Master Reference coordinate system is defined by creating axes perpendicular to the two indicated mirror cube faces using the laser tracker (see Figure 1 in appendix) and then creating the third axis perpendicular to the two measured. The created coordinate system is then projected on a reference location defined as the center of a ½” SMR mirror ball on a .702” offset mount.
	specify add a diagram if applicable: The SBF to J2000 attitude will be given as quaternions.  J2000 --> ECEF quaternions are also know to relate to terrestrial frame. 
	xyzLocationOfSatelliteCoM: timeVarying
	CoM_X: 
	CoM_Y: 
	CoM_Z: 
	timeVaryingNumMms: 
	ULR for time-variable table of CoM: Site to be provided prior to launch
	timeVaraiableTableAvailOnWeb: Yes
	phaseCenterLocationY: 544.93
	phaseCenterLocationX: -1288.74
	phaseCenterLocationZ: 1383.89
	xyzCoordinatesOfSatelliteCoM: satelliteBodyFixedSystem
	specify the origin and orientation add a diagram if applicable: 
	xyzPoisitionOfCenterOfFrontFaceOfEachCube: attachedAtEnd
	specify add a diagram if applicable for xyz of the center of the front face of each cube: See Table 1 of appendix. Origin is the optical center of the array.
	cornerCubeRecessed: No
	specify add a diagram for recessed cubes: 
	Diameter of each corner cube: 31.75
	Height of each corner cube: 23.4
	The material from which the cubes are manufactured eg quartz: Suprasil
	The refractive index of the cube material: 1.46071
	refraction index of the cube material: n = 1.4496 at 1064 nm, n=  1.45637 at 656.3 nm,   n  =  1.45846 at 587.6 nm   n F   =  1.46313 at 486.1 nm   n=1.46669 at 435.8 nm,  n=1.50855 at 248 nm 
	The group refractive index of the cube material, as a function of wavelength λ (micron: 1.4853
	group refractive index for for wavelength λ = 0: 
	532 micron: ng = 1.4624 at 1064 nm

	Dihedral angle offsets and manufacturing tolerance in arcseconds: 1.5 ± 0.5
	radiusOfCurvatureOfFrontSurfacesOfCubes: notApplied
	Radius of curvature of front surfaces of cubes: 
	Flatness of cubes surfaces: λ/10
	backFaceCoated: coated
	backFaceCoating: Nickel-chromium alloy
	other comments: 













	As an authorized representative of the: ICESat-2
	printedNameOfSignator: Scott B. Luthcke
	orgAndPositionOfSignator: NASA GSFC Code 61A, ICESat-2 POD Lead and 61A Lab Chief
	dateSigned: July 24, 2018


