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Supplementary Figure 1: Reduced images of the four science fields used in this investigation,
calibrated to surface brightness units. Each panel shows one 10 s integration for each of the
fields taken in rebinned 256× 256 mode. Stars and Neptune (the large source in fields 3 and 4) are
clearly visible. Field 1 exhibits optical ghosting from reflections in the field-flattening lens group.
All of these structures are masked in later processing step to allow us to calculate the mean surface
brightness away from known sources.
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䄀 䈀

Supplementary Figure 2: The point spread function (PSF) used for source masking in this
work. The 2-D PSF shown in panel A is produced by stacking star images on a fine pixel grid, and
then averaging back into larger pixels1. Panel B is the annular average of the stacked PSF in the left
panel (light blue columns), in comparison to the PSF of the original, fine stacked image (bold solid
green line). The shaded region shows the standard deviation of the fine PSF in annuli. Also shown
are the diffraction limit for the LORRI telescope (thin dashed line), the half pixel width (thick
dashed line), the half width at half maximum (HWHM) of our PSF (marked by the crossing point
of the horizontal solid line and the fine PSF), and the HWHM from previous determinations2–4. The
HWHM of our PSF measurement is consistent with the previous determinations. Any asymmetry
of the PSF at low levels is likely due to a small pointing drift, but does not affect our analysis.
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Supplementary Figure 3: Masked, reduced images of the four science fields used in this in-
vestigation, calibrated to surface brightness. Each panel shows one 10 s integration for each of
the fields taken in rebinned 256 × 256 mode with the source and array masks applied. The mask
effectively removes images of stars, planets, and optical and electronic pathologies in the images.
The diffuse sky brightness λIλ is computed from the mean of the unmasked pixels in these images.
The mild horizontal striping is due to noise correlations in the output amplifier circuit, and are
naturally present in any image of a sequentially read Si detector close to the noise floor. This effect
causes the pixel variance to be a poor estimate of the absolute statistical error, though it remains
a reasonable weight for averaging calculations where only changes in the exposure-to-exposure
variance are relevant.
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䄀 䈀

Supplementary Figure 4: Temperature stability and reference pixel values over flight for both
covered and uncovered data. Measurements of the LORRI CCD temperature versus time for
both dust cover on (blue points) and dust cover off (red points) are shown in panel A. We also
indicate the time when the cover was ejected (dashed line) and the best-fitting exponential tem-
perature decrease over the period of data collection. The plotted uncertainties correspond to the
standard deviation of the individual measurements. Panel B shows the average value of the 256
dark reference pixels versus temperature over the flight. We indicate the mean cover-off reference
pixel value (red dashed lines) and 1σ variation in the individual measurements (red dotted lines).
Finally, a model for the dark current expected in these devices from the manufacturers specifica-
tion (dashed blue line) and a free-amplitude fit of the same model (solid blue line) are shown. The
dust-cover on data prefer an elevated dark current level above the baseline for this detector, but in
either case the dark current is small at the 193 K operating temperature of the science observations.
The residual reference fluctuations can be explained by temperature fluctuations in the electronics
chain and bias generation (H. Weaver, private communication).
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䄀 䈀

Supplementary Figure 5: Summary of the photometric calibration in these LORRI data. We
plot the reference magnitudeRL,0 (panel A) and the reference flux FL,0 (panel B).RL,0 is calculated
from aperture photometry as described in the text, and FL,0 is calculated from RL,0 using the PSF
measurement. The points are computed using multiple measurements of two different stars in
each of the four fields (circle, field 1; triangle, field 2; square, field 3; star, field 4). The average
magnitude and flux of the stars in the four science fields are shown with the 1σ uncertainties, which
we take as the best estimate of LORRI’s photometric calibration. We compute RL,0 and FL,0 from
all the available cover-off data, which matches the science field data within the errors. This shows
that the reference magnitude and flux inferred from the four science fields are consistent with and
representative of the entire sample. We also show the preliminary LORRI photometric calibration3

converted toRL,0-band; though our calibration is inconsistent with this measurement, it is based on
a single observation of a crowded field with high photocurrents and no measurement uncertainty
was specified. An improved photometric calibration of LORRI from the New Horizons team will
be available in the near future.
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Supplementary Figure 6: Measurement of λIdiffuse
λ in the four science fields plotted as a func-

tion of heliocentric radius. The points are computed from the variance-weighted mean of the
individual 10 s exposures in each field, and the plotted uncertainties correspond to the standard
deviation of the mean pixel value of each exposure on a given field, which should provide a rea-
sonable estimate of the statistical noise in the data. These surface brightnesses still include emis-
sion from astrophysical foregrounds, which depend on field position in a complex way and must
be estimated and removed to isolate the COB component. The first two points have been offset
slightly in the horizontal direction to improve clarity.
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Supplementary Figure 7: Surface brightness of the IPD and the 0.5−100µm particle density
per R2

� as a function of heliocentric distance. We indicate the positions of the LORRI measure-
ments by the labeled blue dashed lines. The red points show the photometric measurements from
Pioneer 10 converted to nW m−2 sr−1 and referenced to RL-band5. For comparison, the value of
λIZL

λ near the earth is ∼ 1000 nW m−2 sr−1 at similar solar elongations, ecliptic latitudes, and
wavelengths6. These data indicate a significant drop from 2 to 3.3 AU, and are consistent with zero
beyond the asteroid belt. The green line shows the local IPD density predicted by the model of
Poppe7 divided by the square of the distance to the sun to account for the diminishing of inten-
sity of sunlight with distance. The filled green region shows an estimate for the uncertainty in the
density model. Assuming that the IPD light is sourced by particles close to the observer, and that
the light scattering ability of these particles is independent of R�, this model should exhibit the
same behavior as the IPD light intensity. The model prediction follows the IPD light photometric
measurements quite well. Although the absolute scaling between the dust flux and the IPD light
is unknown, the general trend of a decrease from Earth followed by a flattening in the outer Solar
system occurs in both measurements. Based on the IPD density model, we expect the IPD light to
have a small and diminishing surface brightness in the plane of the outer solar system.
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Supplementary Figure 8: Residual surface brightness in the four LORRI science fields plotted
as a function of heliocentric radius. The points are computed from the variance-weighted mean
of the individual 10 s foreground-subtracted exposures in each field, and the plotted uncertainties
correspond to the standard deviation of the set of exposures, which should provide a reasonable
estimate of the statistical noise in the data. We also plot the uncertainty-weighted mean and error
of the four measurements (blue dashed and dotted lines, respectively). The unweighted mean lies
at a larger value of 10.7 nW m−2 sr−1 in this plot. The first two points have been offset slightly in
the horizontal direction to improve clarity.
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Supplementary Table 2: Foreground contributions to λImeas
λ .

Field λI∗λ λIdiffuse
λ λIIPD

λ λIRS
λ from PSF wings λIRS

λ from faint stars λIDGL
λ λIresid

λ

(All nW m−2 sr−1)
1 674 35.8 < 2.4, 1σ 0.02 12.7 7.7 15.4± 14.4
2 967 76.8 < 2.4, 1σ 0.13 7.8 50.8 18.1± 26.2
3 408 28.0 < 2.4, 1σ 0.01 6.7 27.6 −6.3± 9.1
4 242 51.6 < 2.4, 1σ 0.01 3.6 18.8 29.2± 20.5

Supplementary Table 3: Error budget for this measurement.

Error Parameter Modification Uncertainty in COB∗

(nW m−2 sr−1)
Statistical λICOB

λ ± 7.3 nW m−2 sr−1 ±7.3

Dark Current λI inst
λ + 0.9 nW m−2 sr−1 −0.9

Optical Ghosts λI inst
λ − 0.1 nW m−2 sr−1 −

Photometric Calibration Un-
certainty

8% of λIdiffuse
λ ±3.8

Ωbeam Uncertainty 4% of λIdiffuse
λ ±1.9

Aperture Photometry Loss 0.02% of calibration factor −

Masking Bright Galaxies λIdiffuse
λ + 0.006 nW m−2 sr−1 −

IPD Light Uncertainty λI IPD
λ + 2.4 nW m−2 sr−1 −2.6

0.25 mag USNO-B1 Photome-
try Uncertainty (per Source)
on Source Mask

λIRS
λ ± 0.1 nW m−2 sr−1 ±0.1

Sample Variance of Residual
Faint Star Brightness

λIRS
λ ± 0.6 nW m−2 sr−1 ±0.7

DGL-100µm Model Uncer-
tainties

λIDGL
λ {−8.7,+8.2}nW m−2 sr−1 {−9.1,+8.6}

Galactic Extinction (1.05± 0.01) · λIresidual
λ −

∗ ‘−’ denotes a negligible error.
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