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Introduction
Interstellar Boundary Explorer (IBEX)
The Interstellar Boundary Explorer is the latest of the NASA Small Explorer 
Mission Program (SMEX). Its primary science objective is to map the interaction 
of the heliosphere and the interstellar medium, through which our solar system is 
moving Energetic Neutral Atoms (ENAs) will provide information about the

Milky Way Galaxy Too Bright

In the beginning stages of the star sensor we thought the sensitivity would allow us to 
use star magnitudes  from -4 to 3.5 or lower. However it turned out that the intrinsic 
galaxy brightness is around magnitude 1. Therefore the galaxy washes out a good 

t f t d t b tt t ti ti l

Pointing Accuracy 

The star sensor and testing environment was developed to obtain a center of gravity star 
signal determination of 0.1°. The rationale of 0.1° is that the direction of oxygen flow can be 
determined with an accuracy of 0.2°. Throughout the summer of 2007 I was able to show that 
the E2 and E3 flight columns meet and exceed this targeted value of 0 1° pointing accuracy

Dynamical Range

moving. Energetic Neutral Atoms (ENAs) will provide information about the 
physical processes at the termination shock, a protective sphere of radius ~100 
AU (from the center of the sun) past which the solar wind slows down to subsonic 
speed. IBEX surveys the direct flow of the interstellar O and He atoms.

percentage of stars used to better our statistical accuracy. 

Solution to Brightness Problem 

The solution is to start considering the Moon. Therefore the dynamic range of the star 
sensor had to include the brighter stars in our galaxy and the very bright Moon. 
Ranges from magnitudes 1 to -13 need to be covered. In the lab we have shown that 
the dynamic range of the star sensor can include the Moon and brighter stars. In this 
poster I show that the star sensor can include the Moon but to for a better 
understanding on it’s use please refer to Morgan O’Neill’s poster titled “Using the 
Moon”.

the E2 and E3 flight columns meet and exceed this targeted value of 0.1 pointing accuracy. 

The IBEX satellite is a sun-pointer: 
One side of it is covered in solar 
panels, and every few days the 
satellite’s angular position with 
respect to the sun will be realigned 
to 0°; this also keeps the sensors 
from being blinded by the solar

Aligning the Star Sensor

• The star sensor is aligned using a laser and polished mirror

• By reflecting the laser back onto itself we can guarantee that it is 
dead on within 0.05°

• The four holes on the polished mirror is our error tolerance. As long 
as the laser beam is within the four holes the propagated error is 
smaller than our goal.

Figure 8: Polished Mirrorfrom being blinded by the solar 
wind, flowing radially away from 
the sun. It will image the entire sky 
in a period of six months.

Particles of neutral charge ( same 
number of protons and electrons) 
will pass through our “bubble” since 
they are not affected by the Sun’s 
magnetic field. Our bubble can be 
broken up into layers as depicted in 

• The IBEX-lo collimator is located 90°away from the solar panels 
and the solar panels will always point towards the sun ( fig. 1). 
Therefore the star sensor will view the Moon in its near quarter 
phases.  

• The magnitude of the quarter phases range from -10 to -13 due to 
the varying distance of IBEX’s orbit.  

• Can we successfully vary the PMT voltage to see both stars and 
the Moon? 2
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Results

Top Elevation

Bottom Elevation

Figure 1: IBEX satellite schematic

Figure 5: Quarter 

• The average center position was calculated to be ±0.035° ±0.054° which is more 
accurate than our targeted value of ±0.1°

• The calculated center position takes into account dismounting and remounting the star 
sensor. Therefore we can be sure the star sensor will be co-aligned to the IBEX-lo 
collimator with an accuracy better than our targeted goal. 

The consistency of data between the E2 and E3 flight columns ( fig 9 & fig 10 ) also

The Purpose of a Star Sensor

b o e up o aye s as dep c ed
figure 2. Each layer is determined 
by how our solar wind interacts with 
the interstellar medium. Some of the 
ENAs will be on a path such that 
they are headed right for Earth. 
These particles will be captured by 
IBEX.

• By varying the PMT voltage we can characterize 
how the star sensor will react to a certain 
magnitude range.

• Using a low level light source, Integrating Sphere 
(IS), we can calibrate the star sensor up to 
magnitude -6. 

• On figure 6 you can see at the lower PMT 
voltages we have a lot of room before the signal • How do we know where the ENAs have come 
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Varying PMT Voltage
The different elevations of the star 

sensor correlate to the field of view it 
will have in space

Figure 2: The different layers of our helioSphere

Phase Moon

Figure 9: Top elevation Figure 10: Bottom elevation

Conclusion

• The consistency of data between the E2 and E3 flight columns ( fig. 9 & fig. 10 ) also 
shows us that we can represent both flight columns to a high degree of accuracy. 

• This is particularly helpful if we need to model something after the launch using the 
other flight column.

g g
saturates. 

• The normalized PMT voltage covers a fair range of 
magnitudes. As the magnitude gets larger we have 
to use lower PMT voltages so we don’t saturate the 
signal. 

• The quarter Moon’s magnitude will lie in the curve 
fit i fi 7

• Although the zodiacal light from the Milky Way washes out the majority of the stars, the 
Moon is a predictable, bright object that we can use. The Moon will make up for the loss of 
the fainter stars.  

C lib ti f th li ht b t th i IS ill ll t d l th b h i f th

from?

• The star sensor’s unique “V” aperture design 
allows us to scan the stars and the Moon and 
extract their positions in space.

• The star sensor uses a photomultiplier tube 
(PMT) which collects the light from the stars and 
the Moon and amplifies the signal so we can 
analyze it. 
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Figure 4: Aperture

Figure 3: Star Sensor Schematic

PMT

Figure 6: PMT Signal vs. Star Magnitude plot

fit region on figure 7. 

• To boost us into the curve fit region I built a light 
box that uses a more powerful lamp than the IS. 
Once the light box is cross calibrated to the IS we 
can start testing the star sensor with it.  

• Cross calibration of the light box to the precise IS will allow us to model the behavior of the 
star sensor at larger magnitudes and lower PMT voltages. This is essential if we want to use 
the Moon and bright stars as pointing references. 

• In the lab we can show that the star sensor can be co-aligned to the IBEX-lo collimator with 
a tolerance less than 0.1° which is needed to detect the flow of oxygen.
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Figure 7: Results are normalized and 
curve fitted on log scale to show line 
relationship
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