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Worldwide Observing Campaign Station Photometric
Precision

Cycle
Time
(s)

Limiting
Radius (km)

A. Brownsville 0.13 0.5 5.6± 0.2
B. Lick Crossley 0.03 0.1 1.46*
C. Nickel 0.04 0.1 1.46*
D. McDonald 0.1 3.5 42± 2
E. USNO 0.05 6. 18± 2
F. VATT 0.06 0.05 1.46*
G. GCO 0.14 3.7 29± 2
H. SanPedro 0.02 0.57 1.46*
I. MKO midlevel 0.1 12. 120± 14
J. Haleakala 0.09 0.07 0.86± 0.08
K. Leeward 0.04 0.5 1.5± 0.3

* Limiting radii smaller than the fresnel scale fs = 1.45816, will be calculated
using a diffraction model rather than the analysis described in this section.
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The Occulta;on Results 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•  Radius = 143±5 km 

•  Geometric Albedo =        
         in V band 

•  Ac;ve resurfacing or 
fresh water ice on Gyr 
;mescales 

0.88+0.15
−0.06
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Defini;on: The Hill sphere is the 
volume of space in which the 
gravita;onal influence of 55636 
exceeds that of the sun. 

The Hill Sphere 

•  Probed 0.0001VHill for 
40km radius body 

•  Increase observa;on 
;me to increase 
volume probed 

Length of Longest 
Observa;on = 1.82×105 km 

RHill=6.98×105 km 

RHill = a(1− e)
( m
3M

) 1
3

(1)
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The Minimum Observable Radius
The minimum occulting body radius detectable by each sta-
tion is calculated by simulating square well light curves and
comparing the deepest points to the photometric precision, σ.
A simulated lightcurve without diffraction for a solid occult-
ing body is generated for each station’s cycle time (exposure +
readout time) and photometric precision for a range of occul-
tation durations. The occultation duration is plotted against
the minimum flux, or deepest point in the lightcurve, and
compared to three times the photometric precision, or3σ. The
minimum observation occultation duration is determined by
the intersection of a linear fit to the right hand side of the plot
(blue line) and 3σ (pink line).
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This simulation is repeated 100 times for each station to yield
a mean limiting radius, shown in the table below, where the
error represents the standard deviation of the calculated val-
ues.

Station Photometric
Precision

Cycle
Time (s)

Limiting
Radius (km)

A. Brownsville 0.13 0.5 5.6± 0.2
B. Lick Crossley 0.03 0.1 1.45816*
C. Nickel 0.04 0.1 1.45816*
D. McDonald 0.1 3.5 42± 2
E. USNO 1.3m 0.05 6. 18± 2
F. USNO 40inch 0.02 0.5 1.45816*
G. USNO 61inch 0.02 2.8 3.5± 0.4
H. VATT 0.06 0.05 1.45816*
I. GCO 0.14 3.7 29± 2
J. SanPedro 0.02 0.57 1.45816*
K. MKO midlevel 0.1 12. 120± 14
L. Haleakala 0.09 0.07 0.86± 0.08
M. Leeward 0.04 0.5 1.5± 0.3

* Limiting radii smaller than the fresnel scale fs = 1.45816,
will be calculated using a diffraction model rather than the
analysis described in this section.

Abstract
A world-wide observing campaign of 21 telescopes at 18 sites was
organized by Elliot et al. (2010 Nature 465, 897) to observe the
2009 Oct. 9 stellar occultation of 2UCAC 41650964 (UCAC2 magni-
tude 13.1) by the Kuiper Belt object 55636 (visual magnitude 19.6).
Integration times varied between 0.05 seconds at the Vatican Ad-
vanced Technology Telescope and 5 seconds at Mauna Kea mid-
level. Data from the two sites that successfully observed the occul-
tation (Haleakala and the Mauna Kea mid-level) were analyzed by
(Elliot et al. 2010) to determine the diameter and albedo of 55636.
In this study, we use the entire data set to search for signatures of
occultations by nearby satellites. One satellite previously discov-
ered with occultation data is Neptune’s moon Larissa, which was
detected during Neptune’s close approach to a star in 1982 (Reit-
sema et al. 1982). No satellites are found in this study, and upper
limits are reported on satellite radii within the volume probed.

The Hill Sphere

RHill!6.98"105km

Length of Longest

Observation ! 1.82"105km

Because the region probed
by the stations is small
compared to RHill, the
observations appear as
a single line. In order to
increase the chances of
detecting satellites, future
occultation campaigns
should observe for longer
periods of time before and
after the predicted occul-

tation midtime in order to probe a greater fraction of the Hill sphere.
0.01% of VHill was probed for a 40km radius body.

The Cross Correlation
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Cross Correlation of MKO Midlevel f(t) " g(t) =
∫ ∞

−∞
f∗(τ)g(t + τ)dτ

The cross correlation (CC) of an artifi-
cial data set g(t) containing an occul-
tation of a pre-defined length and time
and the times series data from a given
station f(t) was computed as f(t) "
g(t) =

∫∞
−∞ f∗(τ)g(t+ τ)dτ , where f∗(t)

is the Fourier transform of f(t). The CC plot to the right shows a 3σ
detection of the 55636 occultation at MKO Midlevel. The stations
that did not observe the 55636 event showed no CC values larger
than 2σ above the mean for events ranging from 2 to 500 times the
stations’ cycle times. Therefore, no moons of 55636 are identified in
these data sets.
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Observations
The observing sta-
tions are plotted
with the observed
occultation path.
The letters denote
the station loca-
tions. The three
solid lines repre-
sent the northern
extent, centerline,
and southern
extent of the ob-
served shadow as
it traveled across
the Earth (from
Elliot et al 2010).

Each station is represented
in fg space as a solid
line with its distance from
the occultation centerline
recorded on the left. The
circle corresponds to 55636
with a radius of 143km.
The fg space lines are trun-
cated at ±1250 km from the
center of 55636.
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The Search for Satellites:  
Cross Correla;on 

•  Each ;me series data set f(t) is compared to a 
surrogate occulta;on data set g(t) 

•  No cross correla;on values > 2σ above the mean 
were observed 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The Minimum Observable Radius
The minimum occulting body radius detectable by each sta-
tion is calculated by simulating square well light curves and
comparing the deepest points to the photometric precision, σ.
A simulated lightcurve without diffraction for a solid occult-
ing body is generated for each station’s cycle time (exposure +
readout time) and photometric precision for a range of occul-
tation durations. The occultation duration is plotted against
the minimum flux, or deepest point in the lightcurve, and
compared to three times the photometric precision, or3σ. The
minimum observation occultation duration is determined by
the intersection of a linear fit to the right hand side of the plot
(blue line) and 3σ (pink line).
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This simulation is repeated 100 times for each station to yield
a mean limiting radius, shown in the table below, where the
error represents the standard deviation of the calculated val-
ues.

Station Photometric
Precision

Cycle
Time (s)

Limiting
Radius (km)

A. Brownsville 0.13 0.5 5.6± 0.2
B. Lick Crossley 0.03 0.1 1.45816*
C. Nickel 0.04 0.1 1.45816*
D. McDonald 0.1 3.5 42± 2
E. USNO 1.3m 0.05 6. 18± 2
F. USNO 40inch 0.02 0.5 1.45816*
G. USNO 61inch 0.02 2.8 3.5± 0.4
H. VATT 0.06 0.05 1.45816*
I. GCO 0.14 3.7 29± 2
J. SanPedro 0.02 0.57 1.45816*
K. MKO midlevel 0.1 12. 120± 14
L. Haleakala 0.09 0.07 0.86± 0.08
M. Leeward 0.04 0.5 1.5± 0.3

* Limiting radii smaller than the fresnel scale fs = 1.45816,
will be calculated using a diffraction model rather than the
analysis described in this section.

Abstract
A world-wide observing campaign of 21 telescopes at 18 sites was
organized by Elliot et al. (2010 Nature 465, 897) to observe the
2009 Oct. 9 stellar occultation of 2UCAC 41650964 (UCAC2 magni-
tude 13.1) by the Kuiper Belt object 55636 (visual magnitude 19.6).
Integration times varied between 0.05 seconds at the Vatican Ad-
vanced Technology Telescope and 5 seconds at Mauna Kea mid-
level. Data from the two sites that successfully observed the occul-
tation (Haleakala and the Mauna Kea mid-level) were analyzed by
(Elliot et al. 2010) to determine the diameter and albedo of 55636.
In this study, we use the entire data set to search for signatures of
occultations by nearby satellites. One satellite previously discov-
ered with occultation data is Neptune’s moon Larissa, which was
detected during Neptune’s close approach to a star in 1982 (Reit-
sema et al. 1982). No satellites are found in this study, and upper
limits are reported on satellite radii within the volume probed.

The Hill Sphere
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Because the region probed
by the stations is small
compared to RHill, the
observations appear as
a single line. In order to
increase the chances of
detecting satellites, future
occultation campaigns
should observe for longer
periods of time before and
after the predicted occul-

tation midtime in order to probe a greater fraction of the Hill sphere.
0.01% of VHill was probed for a 40km radius body.
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Cross Correlation of MKO Midlevel f(t) " g(t) =
∫ ∞

−∞
f∗(τ)g(t + τ)dτ

The cross correlation (CC) of an artifi-
cial data set g(t) containing an occul-
tation of a pre-defined length and time
and the times series data from a given
station f(t) was computed as f(t) "
g(t) =

∫∞
−∞ f∗(τ)g(t+ τ)dτ , where f∗(t)

is the Fourier transform of f(t). The CC plot to the right shows a 3σ
detection of the 55636 occultation at MKO Midlevel. The stations
that did not observe the 55636 event showed no CC values larger
than 2σ above the mean for events ranging from 2 to 500 times the
stations’ cycle times. Therefore, no moons of 55636 are identified in
these data sets.
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The Minimum Observable Radius
The minimum occulting body radius detectable by each sta-
tion is calculated by simulating square well light curves and
comparing the deepest points to the photometric precision, σ.
A simulated lightcurve without diffraction for a solid occult-
ing body is generated for each station’s cycle time (exposure +
readout time) and photometric precision for a range of occul-
tation durations. The occultation duration is plotted against
the minimum flux, or deepest point in the lightcurve, and
compared to three times the photometric precision, or3σ. The
minimum observation occultation duration is determined by
the intersection of a linear fit to the right hand side of the plot
(blue line) and 3σ (pink line).
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This simulation is repeated 100 times for each station to yield
a mean limiting radius, shown in the table below, where the
error represents the standard deviation of the calculated val-
ues.

Station Photometric
Precision

Cycle
Time (s)

Limiting
Radius (km)

A. Brownsville 0.13 0.5 5.6± 0.2
B. Lick Crossley 0.03 0.1 1.45816*
C. Nickel 0.04 0.1 1.45816*
D. McDonald 0.1 3.5 42± 2
E. USNO 1.3m 0.05 6. 18± 2
F. USNO 40inch 0.02 0.5 1.45816*
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H. VATT 0.06 0.05 1.45816*
I. GCO 0.14 3.7 29± 2
J. SanPedro 0.02 0.57 1.45816*
K. MKO midlevel 0.1 12. 120± 14
L. Haleakala 0.09 0.07 0.86± 0.08
M. Leeward 0.04 0.5 1.5± 0.3

* Limiting radii smaller than the fresnel scale fs = 1.45816,
will be calculated using a diffraction model rather than the
analysis described in this section.

Abstract
A world-wide observing campaign of 21 telescopes at 18 sites was
organized by Elliot et al. (2010 Nature 465, 897) to observe the
2009 Oct. 9 stellar occultation of 2UCAC 41650964 (UCAC2 magni-
tude 13.1) by the Kuiper Belt object 55636 (visual magnitude 19.6).
Integration times varied between 0.05 seconds at the Vatican Ad-
vanced Technology Telescope and 5 seconds at Mauna Kea mid-
level. Data from the two sites that successfully observed the occul-
tation (Haleakala and the Mauna Kea mid-level) were analyzed by
(Elliot et al. 2010) to determine the diameter and albedo of 55636.
In this study, we use the entire data set to search for signatures of
occultations by nearby satellites. One satellite previously discov-
ered with occultation data is Neptune’s moon Larissa, which was
detected during Neptune’s close approach to a star in 1982 (Reit-
sema et al. 1982). No satellites are found in this study, and upper
limits are reported on satellite radii within the volume probed.
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The cross correlation (CC) of an artifi-
cial data set g(t) containing an occul-
tation of a pre-defined length and time
and the times series data from a given
station f(t) was computed as f(t) "
g(t) =

∫∞
−∞ f∗(τ)g(t+ τ)dτ , where f∗(t)

is the Fourier transform of f(t). The CC plot to the right shows a 3σ
detection of the 55636 occultation at MKO Midlevel. The stations
that did not observe the 55636 event showed no CC values larger
than 2σ above the mean for events ranging from 2 to 500 times the
stations’ cycle times. Therefore, no moons of 55636 are identified in
these data sets.
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The Minimum Observable Radius
The minimum occulting body radius detectable by each sta-
tion is calculated by simulating square well light curves and
comparing the deepest points to the photometric precision, σ.
A simulated lightcurve without diffraction for a solid occult-
ing body is generated for each station’s cycle time (exposure +
readout time) and photometric precision for a range of occul-
tation durations. The occultation duration is plotted against
the minimum flux, or deepest point in the lightcurve, and
compared to three times the photometric precision, or3σ. The
minimum observation occultation duration is determined by
the intersection of a linear fit to the right hand side of the plot
(blue line) and 3σ (pink line).
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This simulation is repeated 100 times for each station to yield
a mean limiting radius, shown in the table below, where the
error represents the standard deviation of the calculated val-
ues.

Station Photometric
Precision

Cycle
Time (s)

Limiting
Radius (km)

A. Brownsville 0.13 0.5 5.6± 0.2
B. Lick Crossley 0.03 0.1 1.45816*
C. Nickel 0.04 0.1 1.45816*
D. McDonald 0.1 3.5 42± 2
E. USNO 1.3m 0.05 6. 18± 2
F. USNO 40inch 0.02 0.5 1.45816*
G. USNO 61inch 0.02 2.8 3.5± 0.4
H. VATT 0.06 0.05 1.45816*
I. GCO 0.14 3.7 29± 2
J. SanPedro 0.02 0.57 1.45816*
K. MKO midlevel 0.1 12. 120± 14
L. Haleakala 0.09 0.07 0.86± 0.08
M. Leeward 0.04 0.5 1.5± 0.3

* Limiting radii smaller than the fresnel scale fs = 1.45816,
will be calculated using a diffraction model rather than the
analysis described in this section.

Abstract
A world-wide observing campaign of 21 telescopes at 18 sites was
organized by Elliot et al. (2010 Nature 465, 897) to observe the
2009 Oct. 9 stellar occultation of 2UCAC 41650964 (UCAC2 magni-
tude 13.1) by the Kuiper Belt object 55636 (visual magnitude 19.6).
Integration times varied between 0.05 seconds at the Vatican Ad-
vanced Technology Telescope and 5 seconds at Mauna Kea mid-
level. Data from the two sites that successfully observed the occul-
tation (Haleakala and the Mauna Kea mid-level) were analyzed by
(Elliot et al. 2010) to determine the diameter and albedo of 55636.
In this study, we use the entire data set to search for signatures of
occultations by nearby satellites. One satellite previously discov-
ered with occultation data is Neptune’s moon Larissa, which was
detected during Neptune’s close approach to a star in 1982 (Reit-
sema et al. 1982). No satellites are found in this study, and upper
limits are reported on satellite radii within the volume probed.

The Hill Sphere

RHill!6.98"105km

Length of Longest

Observation ! 1.82"105km

Because the region probed
by the stations is small
compared to RHill, the
observations appear as
a single line. In order to
increase the chances of
detecting satellites, future
occultation campaigns
should observe for longer
periods of time before and
after the predicted occul-

tation midtime in order to probe a greater fraction of the Hill sphere.
0.01% of VHill was probed for a 40km radius body.

The Cross Correlation
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Cross Correlation of MKO Midlevel f(t) " g(t) =
∫ ∞

−∞
f∗(τ)g(t + τ)dτ

The cross correlation (CC) of an artifi-
cial data set g(t) containing an occul-
tation of a pre-defined length and time
and the times series data from a given
station f(t) was computed as f(t) "
g(t) =

∫∞
−∞ f∗(τ)g(t+ τ)dτ , where f∗(t)

is the Fourier transform of f(t). The CC plot to the right shows a 3σ
detection of the 55636 occultation at MKO Midlevel. The stations
that did not observe the 55636 event showed no CC values larger
than 2σ above the mean for events ranging from 2 to 500 times the
stations’ cycle times. Therefore, no moons of 55636 are identified in
these data sets.
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Observations
The observing sta-
tions are plotted
with the observed
occultation path.
The letters denote
the station loca-
tions. The three
solid lines repre-
sent the northern
extent, centerline,
and southern
extent of the ob-
served shadow as
it traveled across
the Earth (from
Elliot et al 2010).

Each station is represented
in fg space as a solid
line with its distance from
the occultation centerline
recorded on the left. The
circle corresponds to 55636
with a radius of 143km.
The fg space lines are trun-
cated at ±1250 km from the
center of 55636.
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Limi;ng Radius Calcula;ons 

Station Photometric
Precision

Cycle
Time (s)

Limiting
Radius (km)

Brownsville 0.13 0.50 5.6± 0.2
Lick Obs. Crossley 0.03 0.10 1.46*
Lick Obs. Nickel 0.04 0.10 1.46*
McDonald Obs. 0.10 3.50 42± 2
USNO 0.05 6.00 18± 2
VATT 0.06 0.05 1.46*
Grove Creek, AU 0.14 3.70 29± 2
San Pedro Martir, MX 0.02 0.57 1.46*
MK Mid Level 0.10 12.00 120± 14
Haleakala 0.09 0.07 0.86± 0.08
Leeward CC 0.04 0.50 1.5± 0.3

* Limiting radii smaller than the fresnel scale fs = 1.45816, will be calculated
using a diffraction model rather than the analysis described in this section.
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