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This is a pedagogical report on the sky background missions with λ > 1µm. For a space-
based facility the primary sky background in the wavelength range, 1–50µm is due to
interplanetary dust (zodiacal light) with the contribution from the ISM rising with longer
wavelength and also with decreasing Galactic latitude. Small dust particles, concentrated
in the ecliptic plane reflect solar rays and are also heated to about 300 K. The former results
in a sky background between 0.2µ and 3µm and the latter peaks at 12µm. The wave-
length region below 0.2µm is extremely dark (and motivates UVEX) and the wavelength
region around 3µm is dark relative to both the optical and MIR bands. At long wave-
lengths, warm interstellar dust dominates the sky background. I will be using IRTS and
Akari as the starting point for this report. I chose these two missions because I know very
little about them! The CIBER sub-orbital mission is very relevant1 to the discussions here.

1 Simplified Sky Model

The background material is summarized in the Appendix. We now proceed to the finished
product.

Our simplified sky model has the mid-R (λ > 5µm) emission arising from dust particles
heated to, say, Td ≈ 300 K. Then the intensity should follow black body intensity but with
a very small optical depth, τd:

Iν = τdBν(Td)

where Bν(T ) is the black-body intensity (Planck function). From left panel of Figure 4,
I find that, at λ = 5µm, λIλ = 300 nW m2 ster−1. This translates to Iν = 5 × 10−18

erg cm−2 s−1 ster−1 Hz−1 at ν = 6 × 1013 Hz. Comparing this intensity to the blackbody
intensity at 300 K I find τd = 2.3× 10−8. The spectral resolution at this wavelength is 130.
Thus, I/R = 73R.

1Most of the CIBER team members went on to become members of SPHEREx
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In the optical and NIR bands, zodiacal light is due to scattering. Let us focus on the
intensity of scattered light at high ecliptic latitudes. The intensity of the scattered light is
given by

Iν =
( τs

4π

)
Iν(�)Ω�

where Iν(�) is the intensity of the sun and Ω� = π(R�/AU)2 is the solid angle of the sun as
measured at earth.2 Here, R� is the radius of the Sun and AU stands for the astronomical
unit. After reviewing Figure 5, I adopt λIλ of 300 nW m−2 ster−1 at λ = 1.5µm corre-
sponding to ν = 2× 1014 Hz. This translates to Iν = 1.5× 10−18 erg cm−2 s−1 ster−1 Hz−1.
Setting T� = 5, 880 K I find τs = 0.97 × 10−8. The spectral resolution at this wavelength
is R = 41. Thus, I/R = 69R. The simplified model is plotted in Figure 1.

Figure 1: νfν of zodiacal emission of the simplified mode (normalized to ecliptic latitude of about
30◦). This should be compared against left panel of Figure 4.

At optical wavelengths, the optical depth from the Earth to the sun due to zodiacal dust is
approximately 10−7. Note that this line-of-sight is at ecliptic latitude of 0◦. The zodiacal
emission falls by a factor of two at ecliptic latitude of 30◦. Our inferred optical depths are
at high ecliptic latitudes and are expected to be smaller. I am slightly disquieted by the
small values, though.

2 Application to SPHEREx

SPHEREx provides an all-sky catalog of low-resolution spectra (0.75–5µm) at a pixel
resolution of 6′′×6′′. The spectral resolution, ∆λ/λ varies between 40 and 140. Each pixel
has a 1-D spectra with 102 channels.

Let the bandwidth of a given image be ∆ν. Then the band-integrated sky intensity is
Iν∆ν and the corresponding photon intensity is I/R where I = Iν/h and R = ν/∆ν. The
quantity I/R is plotted in Figure 2.

2We are computing specifically the emission, say, at the ecliptic poles.
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Figure 2: Sky brightness in Rayleighs divided by the spectral resolution in each of the six SPHEREx
bands. The vertical lines mark the boundaries of the six bands (band 1 is at the extreme left and
band 6 at the extreme right).

2.1 Sensitivity: Diffuse Emission

Say your goal is to search for a spectral line in the sky (e.g., a recombination line). We
assume that this line is unresolved by the spectrometer. Let A be the collecting area of
the imager, Ω is the field-of-view and η is the photon-to-electron efficiency. The signal is
αSηAΩt where S is the surface brightness of the signal in Rayleigh (integrated over the
line width), t is the integration time and α is the conversion factor between Rayleigh to
the standard units phot cm−2 s−1 ster−1. The contribution from the sky is αIR−1ηAΩt.
Assuming only3 Poisson fluctuations, and in the limit of weak signal, the the signal-to-noise
ratio is given by

SNR =
S√
I

(αηAΩRt)1/2 (1)

Now, let us plug in the numbers. A = π/4D2 = 314 cm2 where D = 20 cm. Set, η = 0.5.
α = 106/(4π). We find

SNR = 1.86× 103
( S√
I/R

)√
Ω
( t

900 s

)1/2
where Ω is now in square degrees.

2.2 Sensitivity: Point Sources

For point source the number photons from the source collected over time t is S∆νηAt/(hν)
where S is the spectral flux density (erg cm−2 s−1 Hz−1) of the source. The number of sky

3read noise and dark current are assumed to be negligible
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photons is Iν∆νηAtδΩ/(hν) where δΩ is the solid angle of the detection beam. Assuming
ony Poisson fluctuations from the sky and in the limit of faint sources the signal-to-noise
ratio is given by

SNR =
S/h√
Iν/h

(ηAtR
δΩ

)1/2
=
S√
I

(αηARt
δΩ

)1/2
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A IRTS & Akari (Astro-F)

IRTS (Infrared Telescope in Space; launched in 1995 was Japan’s first orbiting IR tele-
scope (Matsumoto et al. 1996). It was one of the sub-systems placed on the Space Flyer
Unit. The 15-cm liquid helium cooled telescope had four focal plane instruments and the
experiment observed about 7% of the sky between 1µm to 1 mm. Of interest here are
two spectrometers: NIRS (1.4–4µm with a spectral resolution of 0.12µm) and MIRS (4.5–
11.7µm and a spectral resolution of 0.3µm). The pre-launch summary of the mission can
be found in Figure 3.

Akari4 (launched in 2006), also a cryogenic mission (Murakami et al. 2007), carried two
instruments behind 68.5-cm telescope: InfraRed Camera (IRC) which had three cameras
covering the range 1.8–5.5µm, 5.8–14.1µm and 12.4–26.5µm, each capable of direct imag-
ing and very low resolution slit spectroscopy and the Far Infrared Surveyor (FIS) also with
three cameras covering 50-180µm.

The sky spectrum towards the North Ecliptic Pole (NEP), as observed by Akarai/IRS, is
shown in Figure 3. This overview figure shows the various components to the sky spectrum.
In decreasing order they are zodiacal light and diffuse galactic light. The extragalactic
background light is presumably below the levels shown here.

B Cosmic Infrared Background Experiment (CIBER)

CIBER is a series of sub-orbital experiments. CIBER-1 carried a low-resolution (spectral
resolution of 15–25) imaging spectrometer operating in the range 0.7–2.1µ, two wide-field
imagers (1.2µm and 1.6µm) and a narrow field (centered on Ca H&K) imager (Zemcov et
al. 2010).

In Figure 5 I display a low resolution spectrum of the zodiacal light in the near-IR band
and also the latitude dependence of the emission of zodiacal light.

C Attic

The radial dependence of the number density of zodi particles, around 1 AU, has been
obtained by missions en route to Venus or asteroids. n(r) ∝ rn where n = −1.3 ± 0.08
(Tsumura et al. 2023).

4Formally, Astro-F. Prior to launch it was also called as IRIS for Infrared Imaging Surveyor.
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the data-reduction method and ZL is described in Tsumura
et al. (2013a, hereafter Paper I) and the Diffuse Galactic Light
(DGL) in Tsumura et al. (2013b, hereafter Paper II). The
results given in Papers I and II were used in the present work
(Paper III) for foreground subtraction.

2. Data Selection and Reduction

AKARI is the first Japanese infrared astronomical satel-
lite, launched on 2006 February, equipped with a cryogeni-
cally cooled telescope of 68.5 cm aperture diameter (Murakami
et al. 2007). IRC is one of two astronomical instruments of
AKARI, which covers the 1.8–5.3 !m wavelength region with
a 512 ! 412 InSb detector array in the NIR channel1 (Onaka
et al. 2007). It provides low-resolution ("=∆" " 20) slit spec-
troscopy for diffuse radiation by a prism2 (Ohyama et al. 2007).

See Paper I for the details concerning the data selection
and reduction. According to our criteria of data selection for
diffuse background analysis (Paper I), a total number of 278
diffuse spectra toward randomly distributed sky directions in
wide ranges of ecliptic and Galactic coordinates were selected.
A filter wheel of the IRC instrument has a dark position to
measure the dark current, while the cold shutter of Spitzer
has not been operated in orbit (Fazio et al. 2004a). The
uncertainty due to dark-current subtraction is estimated to be
< 3 nW m#2 sr#1 at 2 !m (Tsumura & Wada 2011).

Point sources brighter than mK(Vega) = 19 were detected
on the slit, and masked for deriving the diffuse spectrum. It
was confirmed that the brightness due to unresolved Galactic
stars under this detection limit is negligible (< 0.5% of the
sky brightness at 2.2 !m) by a Milky Way star count model,
TRILEGAL (Girardi et al. 2005). This is a great advantage
to the previous measurements by DIRBE and IRTS, because
the integrated light from unresolved Galactic stars for those
measurements is not negligible. For example, in the IRTS case,
the limiting magnitude for removing point sources was 10.45
mag at 2.24 !m, and the contribution of the integrated light
from unresolved Galactic stars under this limiting magnitude
was " 10% of the observed sky brightness at high ecliptic lati-
tude (Matsumoto et al. 2005), which was subtracted by the
SKY model for Galactic point sources (Cohen 1994). The
contamination from unresolved Galactic stars for the DIRBE
measurement was " 25% at 2.2 !m (Hauser et al. 1998), which
is greater than that of IRTS owing to the worse detection limit
of DIRBE.

The obtained diffuse sky spectrum includes ZL, DGL, and
EBL, i.e.,

SKYi ."/ = ZLi ."/ + DGLi ."/ + EBLi ."/; (1)

where i is the data index. The cumulative brightness
contributed by unresolved galaxies can be estimated by the
deep galaxy counts, being < 4 nW m#2 sr#1 at the K band in
the case of a limiting magnitude of mK = 19 (Keenan et al.
2010), which is included in EBL. Figure 1 shows an example
of the sky spectrum at NEP with each foreground component
estimated by the methods introduced in Paper I and Paper II.
1 IRC has two other channels covering 5.8–14.1 !m in the MIR-S channel

and 12.4–26.5 !m in the MIR-L channel.
2 High-resolution spectroscopy ("=∆" " 120) with a grism is also available.

Fig. 1. Example of the sky spectrum at NEP with foreground compo-
nents. The solid circles indicate the sky spectrum in our dataset
obtained by AKARI IRC. The broken line and the dashed line indicate
the ZL spectrum (scattered sunlight component and thermal emission
component) scaling to the brightness from the DIRBE ZL model (open
squares); the dotted line indicates the DGL spectrum.

In the next section, we summarize the methods of foreground
subtraction, which are essential to derive EBL.

3. Subtraction of Foregrounds

3.1. Estimation of Diffuse Galactic Light

The method used to estimate the DGL spectrum in our
dataset is developed in Paper II. This method can be separated
into two stages: the first is to derive the spectral shape of DGL
as a template [DGLtemp(")] by a correlation to the 100 !m
dust thermal emission, I 100!m (Schlegel et al. 1998); the next
is to scale this DGL template spectrum by using the relation
between I 100!m and the 3.3 !m PAH band emission, E3:3, i.e.,

DGLi ."/ = E3:3.I
100!m
i / ! DGLtemp."/: (2)

The key point in the first step is that only DGL has any corre-
lation to the 100 !m emission from interstellar dust. Thus,
SKYi (") # ZLi (") at each wavelength is correlated to the
dust emission at 100 !m, and this correlated component can
be derived as DGL from the sky spectrum. Here, ZLi (") is
modeled in Paper I and summarized in the next subsection.
The derived DGL spectrum has a distinct PAH band feature
at 3.3 !m, as shown in figure 1.

The 3.3 !m PAH band feature is distinctive at the bottom
of the sky spectrum in our dataset at low Galactic latitude
regions (j b j < 15ı), and a good correlation between the
100 !m dust thermal emission, I 100!m, and the 3.3 !m PAH
band emission, E3:3, was confirmed in Paper II. Assuming
that the spectral shape of the template DGL spectrum is
isotropic at low Galactic latitude regions, the DGL spectrum at
each field, DGLi ("), is derived by scaling the DGL template
spectrum using the relation E3:3(I 100!m) between the PAH
band intensity and the dust thermal emission. In the low DGL
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Figure 3: (Top): Pre-launch summary figure from IRTS team (Matsumoto 1995). The thick
curves represent sky brightness due to CMB, interstellar dust (ISD), interplanetary dust (IPD) and
zodiacal light (ZL). The sensitivity of the imaging spectrometers are shown in hatched lines. The
thin horizontal stubs are COBE detection limits. I do not know what the two curved lines marked
as “SL” stand for. Note that a temperature of 184 K has been assigned to IPD. This is incorrect.
The closer answer is 284 K and perhaps even 300 K.
(Bottom): Sky spectrum towards the North Ecliptic Pole (NEP) as observed by Akari IRC. From
Tsumura et al. (2013). The decomposition into zodiacal light (scattered), zodiacal light (thermal
emitted), Diffuse Galactic Light (DGL) are marked by the legend. DIRBE, a 10-channel photometer
covering the wavelength range 1.25–240µm, was one of the instruments of COBE.
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Fig. 9. Spectrum of KF09T1 with short exposure (solid line) and its
best-fit photometry at the shortest wavelengths with IRC N2 PSF profile
(broken line).

Fig. 10. Total systematic calibration error owing to 3% accuracy of the
spectrum of the standard star and the sub-pixel misalignment.

(1.9–2.8 !m) filter. Figure 9 shows the spectrum of KF09T1
with short exposure, and its best-fit photometry at the shortest
wavelengths with the N2 PSF profile. It also shows that the
shortest-side wing of the spectrum can be fit by the N2 PSF
well. For deriving the absolute response of the diffuse sky,
an N2 PSF fitting at shortest wavelengths was conducted, and
the surface brightness of the sky at the shortest wavelength
was obtained by comparing the best-fit PSF of KF09T1 at
first. Then, the spectra at other wavelengths were derived after
subtracting the best-fit PSF profile. The total systematic cali-
bration error is shown in figure 10, which is larger than the
statistic error at <3 !m.

2.9. Comparison to the Previous Data

The data reduction described here was applied to all data,
and the spectral catalog of diffuse sky was obtained. To check
the data quality of these spectra, we compared them with the

Fig. 11. Diffuse sky spectrum at the ecliptic coordinate
(", ˇ) = (130ı, 20ı) with IRTS (black, T. Matsumoto et al. in
preparation) and AKARI IRC (red, this work) after a seasonal variation
correction. The contribution of unresolved faint stars in the IRTS
spectrum is subtracted by a model.

diffuse sky spectra at NIR observed with IRTS (T. Matsumoto
et al. in preparation). The contribution of unresolved faint
stars in the IRTS spectra was subtracted by the SKY model for
the Galactic point sources (Cohen 1994). Direct comparisons
were done by using the spectra at the same fields observed by
both IRTS and AKARI. Figure 11 is an example of the direct
comparison of the diffuse sky spectra at the ecliptic coordinate
(", ˇ) = (130ı, 20ı), taken with IRTS in 1995 April and with
AKARI IRC in 2006 December after the seasonal variation
correction of ZL using the DIRBE ZL model (Kelsall et al.
1998). This shows that the spectral shape of the sky is consis-
tent with each other.

In addition, the absolute sky brightness at NEP in our dataset
is also consistent with that from AKARI IRC imaging data
of 114 nW m!2 sr!1 at 2.4 !m, 73 nW m!2 sr!1 at 3.2 !m, and
105 nW m!2 sr!1 at 4.1 !m (Matsumoto et al. 2011). Those
are obtained from the dataset in the same period with higher
sensitivity for point-source removal at the foreground.

3. Zodiacal Light Spectrum

3.1. Spectral Shape

Since the AKARI data in this study have a wide range of
ecliptic latitudes and seasons, we can test the spectral shape
dependence at various ecliptic latitudes and seasons. DGL
was subtracted by the template DGL spectrum and the correla-
tion between the 3.3 !m PAH band emission and the 100 !m
thermal emission (Schlegel et al. 1998) described in Paper II.
Since the 3.3 !m PAH band was not detected at high Galactic
and low ecliptic latitude regions, we conclude that the PAH
band emission does not contribute to ZL.

Because of AKARI’s Sun-synchronous polar orbit, the NEP
field was observed frequently, which allowed us to monitor the
seasonal variation of ZL. The seasonal variation of ZL detected
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Figure 4: Akari IRC (red) & IRTS (black) spectrum of the sky at ecliptic coordinates, (λ, β) =
(130◦, 20◦). The contribution of unresolved faint stars in the IRTS spectrum was subtracted using
a model. From Tsumura et al. 2013).
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Figure 6. Measured spectra of the near-infrared sky brightness. Colored circles
indicate the CIBER/LRS data used in this study, open squares indicate IRTS data
averaged at 72◦–73◦ ecliptic latitude from Matsumoto et al. (1996), and purple
squares indicate darkest DIRBE data from Hauser et al. (1998b). The error bars
denote the combination of statistical and systematic error due to subtracting
airglow emission. The absolute calibration error is estimated as ±10% for LRS
(K. Tsumura et al. 2010, in preparation), ±5% for IRTS (Noda et al. 1996), and
±1.6% for DIRBE (Hauser et al. 1998b).

30 plots show the spectra after subtracting airglow emission;
airglow emission in the other fields is negligible. The LRS sky
spectra show the total brightness from zodiacal light, Galactic
stars, and the EBL, and are consistent with previous observations
with COBE/DIRBE (Hauser et al. 1998b) and IRTS (Matsumoto
et al. 1996) in the region of overlap. The spectral shapes of
the sky brightness in Figure 6 are very similar to each other,
irrespective of ecliptic latitude. A previously unreported broad
absorption feature centered at approximately 0.9 µm is present
in each of these spectra.

Figure 7 shows the ecliptic latitude dependence of the
zodiacal light calculated using the DIRBE all-sky zodiacal dust
model (Kelsall et al. 1998) and the observed sky brightness after
removing the integrated Galactic star light at 1.25 µm. Except at
high ecliptic latitude, the observed LRS brightness agrees with
the ecliptic latitude dependence estimated by the model, which
shows again that our observation is consistent with the previous
observations. We note that the zodical light model departs from
the data at higher ecliptic latitude.

4.2. Zodiacal Light Spectrum

To separate residual astrophysical components from zodiacal
light, the sky spectra observed in two fields are differenced; as
shown in Figure 8, various combinations of such field differ-
ences show a similar spectral shape suggesting that the zodiacal
light spectrum is largely isotropic. A joint CIBER–IRTS zodi-
acal light spectrum is produced by normalizing both data sets
to the DIRBE all-sky zodiacal dust model (Kelsall et al. 1998)
at 1.25 µm and 2.2 µm using the bandpass response of DIRBE
filters (Hauser et al. 1998a). Figure 9 shows the derived joint
CIBER–IRTS zodiacal light spectrum with the solar spectrum
(Gueymard et al. 2002). The measured zodiacal light spectrum
has a redder color than the solar spectrum, and is generally sim-

Figure 7. Ecliptic latitude dependence of the DIRBE all-sky zodiacal dust model
(Kelsall et al. 1998) (open squares) and the LRS sky brightness (circles) after
removal of the integrated Galactic starlight at ∼1.25 µm. The impact from the
difference of the solar elongation or ecliptic longitude should be small, because
the range of them in our observation fields is narrow (<30◦; see Table 1) to see
the ecliptic latitude dependence of the zodiacal light.

ilar to the unsubtracted spectra shown in Figure 6, though with
much less signal to noise due to the differencing.

4.3. Reflectance of the Interplanetary Dust

Figure 10 shows the IPD reflectance spectrum, derived by
dividing the LRS and IRTS spectra by the solar spectrum. Note
that the reflectance of zodiacal light as viewed from Earth is
dominated by the IPD near Earth’s orbit because the radial
density profile of IPD results in a contribution to observed
intensity that falls off as ∼r−2.5 (Leinert et al. 1998). The
contribution of dust scattering at distances greater than 2.5 AU
to the integrated zodiacal light intensity is estimated to be less
than 3% based on this radial density profile. The reflectance
of an S-type asteroid 25143-Itokawa (Binzel et al. 2001), a
C-type asteroid 1-Ceres (Bus & Binzel 2002), and a comet
9P/Tempel-1 (Hodapp et al. 2007) are also shown in Figure 10
for comparison. The C- and S-type asteroids are respectively the
first and second most common types of asteroid in the asteroid
belt. Unfortunately, due to the difficulty of such observations no
spectra of old cometary dust trails at near-infrared wavelengths
are available. Instead we show the spectrum of ejecta material
from comet 9P/Temple-1 after the impact of the deep impact
probe (Hodapp et al. 2007); this spectrum is of “fresh” dust and
other materials from the cometary nucleus and so is not an ideal
comparison to the zodiacal reflectance spectrum.

5. DISCUSSION

5.1. Composition of the Interplanetary Dust

We first detected the broad absorption feature in the IPD
reflectance spectrum at 0.9 µm in Figure 10. This absorption
feature is common in certain types of asteroids and meteorites,
and it is thought to be caused by silicate compounds such as
pyroxene and/or olivine, which are the principal mineralogical
constituents of IPD (Bradley 2003). Variation of this feature
over a wide range of ecliptic latitude (10–90◦) is not detected,
which is consistent with mid-infrared observations (Reach et al.
2003).
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Figure 8. Zodiacal spectra from various field difference combinations. The
figure (a) shows the difference between Elat-10 and the science fields, while
the figure (b) shows the difference between Elat-30 and the science fields.
The curves are scaled to separate them for visualization. The solid lines
denote the observed solar spectrum (Gueymard et al. 2002) normalized at
1.08 µm. The difference spectra are noisier than the raw spectra as expected, but
remove EBL and partially Galactic emission and show the absorption feature,
confirming it is of zodiacal origin.
(A color version of this figure is available in the online journal.)

Ordinary chondrites have known absorption bands at 1 µm
and 2 µm, evidence for the presence of pyroxene and olivine.
The spectrum of 25143-Itokawa has been described as being
similar to that of ordinary chondrite meteorites with additional
reddening due to space weathering (Binzel et al. 2001), a pro-
cess that alters the state of surface materials exposed to a space
environment. The exposed surface develops radiation damage,
vapor- and sputter-deposited coatings, and melt products in-
cluding agglutinates. The reddening effect particular to space
weathering is caused by a vapor coating containing nanophase-
reduced iron (npFe0) particles around each dust particle (Pieters
et al. 2000; Nimura et al. 2008). The spectrum of 25143-Itokawa
is well matched to a model including 0.05% npFe0 reddening

Figure 9. Zodiacal light spectrum. The filled circles show the CIBER/LRS data
obtained by taking an average of the differences between Elat-10 and the other
fields. The IRTS data (Matsumoto et al. 1996) are plotted in open squares and the
curve denotes the observed solar spectrum (Gueymard et al. 2002) normalized
to the IRTS data at 1.83 µm. The CIBER and IRTS data are normalized to the
brightness expected at the Elat-30 field (see Table 1 for specific coordinates)
using the DIRBE zodiacal light model plotted in open diamonds (Kelsall et al.
1998). Error bars on the LRS data denote the combination of statistical error
and systematic error in subtracting airglow emission. Error bars on the DIRBE
data show the CIBER-IRTS relative calibration error effecting the relative color
calibration between CIBER and IRTS which is estimated to be 3.5% from the
color difference of the two different zodiacal light models (Kelsall et al. 1998;
Wright 1998). The relative scaling error due to the zodiacal light model is
10% estimated from the difference of the absolute zodiacal intensity in the two
models.

of ordinary chondrite (Binzel et al. 2001), a value common to
S-type asteroids (Binzel et al. 2001; Hapke 2000). The simi-
larity of the shape of the IPD reflectance measured by LRS to
that of S-type asteroids is evidence that this process is relevant
to the IPD responsible for producing the zodiacal light in the
near-infrared.

Matsumoto et al. (1996) reported some similarity between the
spectrum of zodiacal light and S-type asteroids from the IRTS
data. Our result is also consistent with the finding of a silicate
feature in the mid-infrared zodiacal light spectrum (Ootsubo
et al. 1998, 2009; Reach et al. 2003), though the peak position
of the absorption band in the zodiacal light spectrum is slightly
shifted from that of S-type asteroids. This difference may be
explained by differences in the chemical composition and/or
some dependence on the size of the IPD particles.

5.2. Distribution of the Interplanetary Dust

As it is difficult to formulate a mechanism which propels
asteroidal dust out of the ecliptic plane, recent dynamical
analysis examining the ecliptic latitude dependence of the
zodiacal emission at mid-infrared wavelengths suggests that
the IPD arises mainly from a cometary population (Nesvorný
et al. 2010). Though the zodiacal emission is biased toward
low-albedo dust from comets and C-type asteroids with albedo
∼0.05 (Tedesco et al. 1989), the scattered light seen by the
LRS may be biased by high-albedo S-type dust with albedo
∼0.2 (Tedesco et al. 1989). The result presented here can be
consistent with the recent result favoring a cometary origin
if high-albedo asteroidal dust is concentrated near the Earth.

Figure 5: Left: The latitude dependence of zodiacal light at 1.25µm (after subtracting star
light), as measured by CIBER. Right: The low resolution NIR spectrum of zodiacal light
as measured by CIBER. From Tsumura et al. (2010). The intensity is scaled to ecliptic
latitude of 30◦.
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