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Abstract

Insupport of amateur imaging of the LCROSS impact gjecta plume onOct. 9, 2009, a ROLO lunar image was examined to
edimate the regional surface brightness in mpsas for the surface terrain near Cabeus A and the adjacent unnamed impact
crater, CabeusAl. An egimate of the apparent brightness of the region north of CabeusAl, based on 12 pixels extracted
froma a512 x512 ROLO archive lunar image taken 2001-02-13 9:59UT from the ROLO facility near Flaggtaff, Arizona
when the Moon wasat 68% illuminated fraction, is 1.07266 x 10~° Watts m-2 arcsecs2 um-1 at 0.550um. In termsof
apparent brightness expressed as magnitudes per square arcsec (mpsas), the lunar surface north of Cabeus Al at a 68%
illuminated fraction has an mpsas of approximately 3.8 mpsas +- 8%, dlightly brighter than the maximum 4.0 mpsas
predicted apparent brightness of the LCROSS gjecta plume. The resolution of ROLO archive images did not permit
evaluation of the apparent brightness of theshadowed portion of Cabeus, Cabeus A or CabeusAl. Presumably, the plume
will be brighter than the Earth-viewed shadowed portion of CabeusA1, just as the surrounding 3.8 mpsas sunlit terrain is
brighter than the shadowed portion of thecrater.
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Source materials

In a prior note, animage processing protocol to extract camera values for a4 x 3 pixd region-of-interest near Cabeus A from a
512 x512 ROL O archive lunar image taken 2001-02-13 UT(09:59 from the ROL O facility near Flagstaff, Arizonais illustrated.
The median radianceof the 12 pixd region-of-interest is reduced as 0.0456363 Watts m-2 sr-1 nm-1at 550 nmwith a standard
deviation of 0.00189995 Watts m-2 sr-1 nm-1 (4.1 %) at 550 nm. The ROLO archive also reported that the pixd resolution of
its images as 4.08250 arcsecs / pixd or an areaof 16.6668 arcsecs’ / pixd square.

On Sept. 11, 2009, LCROSS Team astrophysicist Dr. Diane Wooden informally released a chart describing the peak bright-
ness ranges for the LCROSSimpact plumeat approximately 9 x 10™1° Watts m-2 arcsecs-2 um-1.  The chart wasinformally
provided in response to inquiries for backmatter supporting the NASA LCROSS Team published description for use the
amateur community that the plumewould have an apparent brightness between 4.0 and 6.0 magnitudes per square arcsec
(mpsas).

With respect to the maximum peak brightness of the LCROSSimpact plume and the gjecta curtain chart, Dr. Wooden stated "I
am posting 3 images and an gecta flux prediction (W/(m"2 um arcsec*2)) versus Wavelength (um) for different values of the
grain column density (1E7 m”-2 represents 4-20 sec; 2E5 m™-2 represents 30-90 sec). The brighter part of the gectaplume
reaches about 1.5 to 3 arc sec in height and spreads to 15"-30" wide in 120-240 sec." LCROSS [Amateur] Observation Group
post 9-11-2009. Thefull dimensions (height and width) of the gjecta plume at its maximum brightness are not provided.

Conversion computation

1. Raw radiancevalue

0.0456363 Watts m-2 sr-1 nm-1 at 550 nm
2. st/ arcsecs?
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In[64]:=

N[steradi ansperarcsecsq]
outea)- 2. 35044 x 1071
3. 0.0456363 Wattsm-2 sr-1 nm-1x 2. 35044 » 10~ sr/ arcsecs®
0.0456363 x steradiansperarcsecsq
1. 07266 x 10 *2
Watts m-2 arcsecs-2 nm-1at 550 nm
4. Convert waveengthto microns for common units (x 1000 nmto micron (um))
CabeusA 1appbrightness := 0.0456363 x steradiansperarcsecsq x 1000
N[CabeusA lappbrightness]
1. 07266 x10-°
Watts m-2 arcsecs-2 um-1at 0.550 um
5. Algorithm to convert to magnitudesper square arcsec (mpsas)
MPSASobj = 2.5 x logl0( Bref / (Bobj / ObjectAreaarcsec”) + Vref @

6. Zeropoint reference valuesfor mpsas conversion

Cox (2000) and Bohlin and Gilliland (2007) provide the brightness and zero point reference values for the stellar magnitude
system based on Vega

In[53]:=

VegaVref :=0.0026

in magnitudes.

In[54]:=

VegaBref := 3.464 x 108

in W m-2 micron-1 at 0.555 um. This referencebrightness approximates the ROL O image 550nm band. The 5nm wavelength
differenceisignored for the purpose of this computation.

7. Mpsas conversion of theapparent surface brightnessnorth of Cabeus A1l
Applying Eq. 1, where the surface brightness unitized to 1 arcsec® for the region north of CabeusA1 isalready known -
LunarSurfacempsas := 2.5 x Logl0[ VegaBref / CabeusAlappbrightness] + VegaVref

N[L unarSurfacempsas]
3.77539

in units of mpsas.

8. Mpsas conversion of theapparent surface brightnessof the gjecta plume

A similar algorithm can be used to estimate the apparent brightnessof the gjecta plume based on the LCROSS Team 9-11-2009
chart. An gjecta plume unitized apparent brightness taken-off the 9-11-2009 gjecta plume chartis approximately 9 x 10-10
Watts m-2 arcsecs-2 um-1.

Applying Eq. 1, where the surface brightness unitized to 1 arcsec for the gjectacurtain is already known -
Plumeappbrightness := 9x 107 °
Plumempsas := 2.5 x Logl0[ VegaBref / Plumeappbrightness] + VegaVref
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N[Plumempsas]

3. 96594

in units of mpsas.

9. Differencein apparent brightenssin mpsas between thelunar surface surrounding CabeusA1 and themaximum predicted L CROSS plumebrightness

Plumempsas - LunarSurfacempsas

0. 190544

in units of mpsas.

Discussion

Comparing the result of the foregoing reduction of apparent brightness from the ROLO archive 2001-02-13 9:59UT imagedata
(1.07266 x 107° Watts m-2 arcsecs-2 um-1) to a take-off from the LCROSS Team chart (9 x 107° Watts m-2 arcsecs-2
um-1), the conclusion isthat the gjecta plume, if it reaches its maximum predicted brightness will slighty fainter than the
apparent brightnessof the surrounding surfaceterrain.

ROL O images have a measurement precision of approximatley 4% (per the ROLO image library creator and archivist). The
standard deviation of theextract pixd values from the 2001-02-13 ROL O imagewas about 4%.

Considering the uncertainty regarding both the prediction of the apparent brightness of the g ecta plume and the measurement of
the surface brightness of the region north of Cabeus A1, an 0.2 magnitude differencein apparent brightness between the
L CROSS ejecta plume and the surrounding lunar surface probably is not significant.

Conclusions

The lunar surface north of Cabeus A1 at a 68% illuminated fraction has an apparent brightness of approximately 1.07266 x
10-9 Watts m-2 arcsecs-2 um-1 at 0.555 um. In terms of apparent brightness expressed as mpsas, the lunar surface north of
Cabeus A1 at a 68% illuminated fraction has an mpsas of approximately 3.8 mpsas +- 8%.

An underlying weakness of this reduced mpsas valueis that the selected ROL O archive image was taken at a lunar libration in
longitude of approximately 8 degrees, while the LCROSS impact lunar libration in longitude will be -2.5 degrees. A better
match image has been requested from the ROL O image archive.

A recent LCROSS Team chart showsthe predicted maximum apparent brightness of the gjecta plume at 9 x 10~ 1% Watts m-2
arcsecs-2 um-1 at 0.55 um or an apparent brightness of approximately 4.0 mpsas.

Comparing the result of the foregoing reduction of apparent brightness fromthe ROLO archive the chart takeoff regarding the
brightenss of the gjecta plume, if the plume reaches its maximum predicted brightness will be of similar or slightly fainter
apparent brightnessto the surrounding surface terrain.

The resolution of ROLO archive images did not permit evaluation of the apparent brightness of the shadowed portion of
Cabeus, Cabeus A or Cabeus Al. Itisassumed that the shadowed areas visiblefrom Earth are at least 1 mpsas darker than the
surrounding surface terrain. Some contrast should be seen between the Earth-visible shadowed portion of Cabeus A1 and the
LCROSS egjectaplume.

Disclaimer

This noteis the work product of an amateur astronomer. Thisresult should not be relied upon by either professionals or news
reporters.
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Appendix A: Solid angle conversion coefficients

Thisinitiaization cell formatted group providescoefficients to convert solid angle measurements between steradians and square
degrees, square arcmins and/or square arcsecs.

in[s5):= degsperradian := 360 / (2 x )

in[s6l:= arcminsperradian := (360 x 60) / (2 x )

in[s7]:= arcsecperradian := (360 x 60 x 60) / (2 x 7)

inse)= degssqpersteradian : = ( degsperradian )?2

In[59]:= ar cm nssqgpersteradian : = ( arcm nsperradi an )2
In[60]:= ar csecsqpersteradi an : = ( arcsecperradi an )2

n[e1:= steradi ansperdegssq := 1 / degssqper steradi an
in[e2]:= steradi ansperarcnminsg := 1 / arcmi nssqpersteradi an

in[63):= steradi ansperarcsecsq := 1 / arcsecsqpersteradi an



