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Introduction:  Near-Earth Asteroids (NEAs) are 

excellent laboratories for processes that affect the sur-

faces of airless bodies. Most NEAs are not expected to 

contain OH/H2O on their surfaces because they formed 

in the anhydrous regions of the Solar System [1] and 

their surface temperatures are high enough to remove 

these volatiles. However, a 3-µm feature typically in-

dicative of OH/H2O has been identified on other seem-

ingly dry bodies in the inner Solar System, such as the 

Moon [2-4] and Vesta [5]. Possible sources for 

OH/H2O on these bodies include carbonaceous chon-

drite impacts or interactions with protons implanted by 

solar wind [6]. NEAs are subjected to the same pro-

cesses as other “dry” bodies in the inner solar system 

and recent work has shown several also exhibit a 3-µm 

feature [7, 8]. 

Methods:  We observed NEAs using SpeX [9] on 

NASA’s Infrared Telescope Facility on Mauna Kea, 

Hawaii. Spectra were collected using both prism (0.7-

2.52 µm) and LXD_short (1.67-4.2 µm) modes in or-

der to accurately characterize asteroid spectral type and 

the 3-µm region, where the OH/H2O signature is pre-

sent. Data reduction and processing was completed 

using the Spextool IDL package [10] and thermal tail 

removal followed that of [7]. 

Results & Future Work:  We have made 40 ob-

servations of 24 NEAs as part of this ongoing project. 

Of those, at least three NEAs exhibit a shallow (~3%) 

absorption feature in the 3-µm region: (433) Eros, 

(1036) Ganymed, and (3122) Florence. All three have 

been observed multiple times and by multiple observ-

ers [7, 8]. Three other NEAs likely exhibit a 3-μm fea-

ture – (1627) Ivar, (25916) 2001 CP44, and (2014) 

JO25 – though the current processing methods cannot 

definitively confirm the feature due to low S/N in the 

spectral region of interest. The other NEAs either do 

not exhibit a 3-µm spectral feature or have too low of 

S/N to make a determination. 

OH/H2O delivery and retention.  The mechanisms 

by which OH/H2O is delivered and retained are poorly 

constrained. Characterizing the shape of the 3-µm ab-

sorption feature can yield information on the source 

and exact composition (OH vs. H2O) of the OH/H2O 

on the surface [11]. The shallow band depth and linear 

band shape suggest that the 3-μm feature on Eros, 

Ganymed, and Florence is due to OH implanted via 

solar wind proton bombardment. However, the other 

targeted NEAs are also impacted by the solar wind yet 

do not exhibit a 3-μm feature, implying delivery and 

retention are independently controlled. Comparisons of 

various physical and orbital factors were conducted to 

determine the requirements for OH/H2O retention. 

Size, perihelion, and spectral type appear to be driving 

factors, as all three NEAs with a 3-μm feature have d ≥ 

5 km and q > 1 AU (Fig. 1), and belong to the S-

complex. Two of the three NEAs with a potential 3-m 

feature (Ivar and 2001 CP44) also follow these trends. 

Continued work in identifying driving factors and de-

termining their statistical significance will enable fur-

ther clarification of the requirements for OH/H2O re-

tention due to solar wind bombardment. 

 

 

 

Spatial variation. The orbital characteristics of both 

Eros and Florence allow for coarse spatially resolved 

spectra. Florence’s rotation period (~2.4 hrs [12]) al-

lowed for the observation of two full rotations. Prelim-

inary analysis suggests slight variations in band depth 

with longitude, though such variation could be a result 

of varying S/N (Fig. 2). The band depth on Eros is 

known to vary [7], but the variations have not yet been 

Figure 1: (Top) 2.9 μm band depth versus effective di-

ameter. (Bottom) 2.9 μm band depth versus perihelion. 

NEAs with identified absorption feature are shown in 

colored symbols, with potential identifications having 

dashed error bars. NEAs with S/N too low to make a 

determination are not shown. 
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spatially correlated. Recent and future observations of 

Eros will enable such correlation and the possible iden-

tification of spatial variation in band depth. 

 

 

 

Spectral variation between observations. The band 

depth of the 3-μm feature on Eros and Ganymed shows 

significant variation between observations that are not 

explained by different observing conditions. The band 

depth on Eros is shown to vary between 0.0 (±2.0) and 

5.0 (±2.7) percent at 2.9 μm and between 0.0 (±1.5) 

and 6.2 (±2.1) percent at 2.9 μm on Ganymed [7]. No 

explanation has proved satisfactory in explaining the 

band depth variation on Eros, though a weak correla-

tion between time since perihelion and band depth ex-

ists for Ganymed (Fig. 3). Factors tested include sub-

solar and sub-observer latitude, heliocentric range, 

phase angle, beaming parameter, and whether the as-

teroid was approaching or departing perihelion. Two 

observations of Eros have not yet been included in this 

study and Ganymed will be observed again in Fall 

2020. 
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Figure 2: Hemispheric reflectance versus wavelength of 

Florence at four points during its rotation on September 

3, 2017. Variations in band depth could be due to varia-

tions in OH content or S/N. 

Figure 3: Band depth vs. time since perihelion on Gan-

ymed. Orange points are observations conducted by [7] 

and blue points are observations conducted by this study. 

A slight positive trend can be seen from 84 days before 

perihelion to 97 days after perihelion (black line, R2 = 

0.3421) . The point 152 after perihelion may represent a 

point at which Ganymed is too far from the Sun to re-

ceive enough solar wind protons to create a 3-μm fea-

ture. 
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