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Introduction: Vesta is a large and bright asteroid with a rocky surface (Fig. 1).  The 
photometric properties of Vesta in the visible wavelengths have been studied with 
great detail from Dawn Framing Camera data (Li et al., 2013; Schröder et al., 2013).  
In this poster we compare the photometric properties of Vesta with other rocky bodies 
in the solar system, and present the implications for the physical properties of Vesta’s 

surface,  for  the  surfaces  of  other  rocky  bodies,  and  for  photometric  modeling  in 
general.   Our  comparisons  will  be  focused  on  four  aspects:  1)  albedo;  2)  phase 
function; 3) roughness; 4) multiple scattering; and 4) phase reddening.  Note that 
while  the  surface  of  Vesta  displays  large  photometric  variations,  our  study  is 
restricted to its globally averaged photometric properties.  This is a work in progress.	
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Table 1.  Comparisons of the photometric properties of Vesta with those of other solar 
system rocky objects (from Table 6 in Li et al., 2013).	


Li et al. (2013)	


Roughness: It is interesting to notice that the Hapke roughness (Hapke, 1984) of 
all but one objects listed in Table 1 have values within 15º and 30º, while for 
Ceres  it  is  44º.   Since  macroscopic  roughness  is  determined  by  the  smallest 
structure that cast shadows (Shepard and Campbell, 1998), this narrow range of 
roughness values might indicate similar macrostructures on all these objects.  Or 
do we really understand the physical interpretations of roughness?  Or is Hapke 
roughness really what it is supposed to be?	


Fig. 1.  Vesta is a big, bright rock.  Only 
less than 1% of all asteroids are brighter 
than  Vesta,  and  all  of  them  are  much 
smaller.   Therefore,  the  photometric 
properties of Vesta represents a division 
line between rocky bodies and the much 
brighter icy bodies.  The albedo of Vesta 
is  about  twice that  of  S-type asteroids.  
Data  from  NEOWISE  (Masiero  et  al., 
2011) and IRAS (Tedesco et al., 2004).	


Geometric Albedo	
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Fig.  2.   Left  panel  shows  the  phase 
function  of  all  objects  in  Table  1.  
Vesta is plotted as the thick black solid 
line.  Right panel is the zoom in of left 
panel at phase angle <16º (box in the 
left  panel).   All  phase  functions  are 
normalized  at  10º  phase  angle,  and 
plotted in linear scale.  Vesta’s phase 
function is the closest to those of S-
type asteroids.	
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Fig. 3.  Upper panel shows the reflectance as a function of single-scatter albedo, 
for the photometric parameters of Vesta.  Despite the relatively high albedo of 
Vesta among rocky bodies,  reflectance is approximately linear with respect to 
albedo.  This fact suggests that for almost all rocky bodies, the linearity holds.  
Lower  panel  shows  the  fraction  of  multiple  scattering  for  Vesta.   Multiple 
scattering accounts for 15-30% of its reflectance.	


Fig. 4.  The reflectance spectrum of 
Vesta  observed  from  the  ground, 
showing increased red slope (phase 
reddening) from 3.7º to 25.1º phase 
angle  (from  Reddy  et  al.,  2012).  
Dawn data  show consistent  trend, 
but a weaker reddening by ~50%.	


25.1º	

	

10.7º	

	


3.7º	


Fig. 5.  Could the discrepancy of phase 
reddening  be  caused  by  the  different 
FOVs  (thereby  the  ranges  of  emission 
angles) between ground data and Dawn 
data?  This figure shows the reflectance 
with respect to phase angle for different 
emission  angles  from  0º  to  88º.   At 
higher  emission  angle,  phase  function 
becomes shallower.	
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Summary: 1. The photometric properties of Vesta are typical of silicate rocky bodies, 
with an albedo about twice that of S-type asteroids and a similar phase function.  2. 
The small range of Hapke roughness values for most asteroids and cometary nuclei 
either suggests similar macroscopic structure at µm to mm size scale, or indicates that 

we do not understand this parameter at all.  3. The effect of multiple scattering can be 
ignored for 99% rocky bodies that are not brighter than Vesta.  4. Phase reddening on 
Vesta is puzzling and interesting.	



