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Most compelling solution
to the Strong CP problem
of the SM

Axion-like particles (ALPs)
predicted by many extensions of
the SM (e.g. string theory)

Axions, like WIMPs, may
solve the DM problem
for free (i.e. not an ad
hoc solution to DM)

Still little experimental effort
devoted to axions when
compared to WIMPs

Axion

Relevant axion/ALP
parameter space at reach of
current and near-future
experiments

WIMP
Astrophysical hints for
axion/ALPs?
– Transparency of the
Universe to UHE gammas
– Anomalous cooling of
different types of star

AXION

If axions or ALPs exist, they are created copiously in the
nuclear-burning core of a star through “Primakoff”
interaction in the hot plasma.
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Axions and APLs reconvert to X-rays through inverse
“Primakoff” interactions in the laboratory (conventional
approach; e.g., CAST) or solar (novel approach)
magnetic field, which conserve energy and momentum.

Older Solar search using the Yohkoh Soft X-ray
Telescope (SXT: not designed for axion search)
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Expect SSAXI to detect an axion signal
near the solar center!

Expect axion or ALP converted X-rays
to have a distinct spectral signature
relative to solar X-rays

Preliminary

Dedicated long term (> 1yr) observation of the
Sun with SmallSat X-ray imaging (<~30 arcsec)
spectrometer (>~1 – 2 cm2 in ~2 – 4 keV) can
put a strong constraint on Axion coupling
constant and mass
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X-ray Imaging Spectrometer (XIS)

Miniature X-ray
Optics (MiXO)
50 cm
focal
length

Carbon Fiber
Tower

Backend
electronics
Focal plane of
CMOS X-ray sensor

Key parameters

CBE

Mass

5 kg

Volume

10 x 10 x 60 cm

Power

6W

Energy range

1.5 – 5 keV

Energy resolution
(FWHM)

150 eV @ < 4 keV

Effective Area

1 – 2 cm2 @ 3 – 4 keV

FoV

40 arcmin

Angular resolution
(HPD)

30 – 40 arcsec (on/off
axis)
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10 NiCo shells

Spider Fixture

~7 cm
Parabola

~7 cm

Optics Housing

Heater mount surface

Inflection

Hyperbola

• ~10 lightweight NiCo ENR shells (250 µm thick) in 10 cm dia. x 8 cm length envelope
(~1.3 kg) for 50 cm focal length
• Achieve 30 - 40 arcsec resolution over 40 arcmin dia. and 1 – 2 cm2 on-axis in 3 – 4 keV
with a thick OBF
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•

TRL 5: currently being developed under NASA APRA and PICASSO programs.

MiXO
Sandia

Mandrel (left) and replicated
NiCo optic (right)
•

•

Typical mandrels used for small optics effort:
Left: 4.5cm diameter x 6cm length
Right: 9cm diameter x 10 cm length (MIXO mandrel)
Both mandrels fabricated at MSFC have ~ 15 arcsec figure, 3Å µr
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• CMOS X-ray sensors are becoming the state of art X-ray detector
• SAO/SRI(Sarnoff) Big Minimal (BM) III: CubeX focal plane devices
• The same family of the chip and same signal-chain are flight
ready: Solar Orbiter - SoloHi, Solar Probe Plus - WISPR

 SAO/SRI BM III:
1k x 1k pixels, 16 µm pitch,
Back Illuminated (BI)

• Advantages of CMOS sensors:
• Inherently high radiational tolerance: >1000x better than CCDs
• Modest cooling requirements (<150 eV FWHM at 1 keV at -20C)
• Wide dynamic range: ideal for high XRF flux during solar flares

55Fe

spectrum taken with
monolithic CMOS BM-II
minimal at room
temperature
 SoloHi 2x2 abuttable
flight Mo package
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• Single XIS SSAXI can be achieved
with a ~12U (2x1x6U) form factor

Star Camera

XIS

Resource

CBE

Total launch mass

18 kg

Total launch volume

20 x 10 x 60 cm

Total power draw

20 W

S/C data storage

24 GB

Data rate

25 Mbytes/day
(25 Gbytes/day for raw
event data)

Pointing control &
knowledge

30 arcseconds &
6 arcseconds

Mission lifetime
(science operation)

1.5 yr
(1 yr)

Solar Panel
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• SSAXI is designed as a secondary spacecraft: deployed into a LEO or
desirably into a Sun-synchronous orbit around the terminator for near
continuous solar observations (dawn-dusk orbit)
• Orbit altitude: > 500 km to perform > 1yr science operation without
propulsion
• Launch: ideally near solar minimum (2028 – 2033). For other times,
more exposure might be needed to achieve a similar sensitivity

Example MinXSS-2 orbit
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Are the mechanisms that heat Active Regions, small flares and the quiet Sun different?
Expected integrated photon flux for SSAXI observations
Solar Atmosphere Temperature
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• Multiple XIS modules can be combined to maximize science return.
• Each XIS module will be optimized for a specific range of solar states and spectral
range using different types of OBF and MiXO parameters.
• E.g., BCT MicroSat S5 (ESPA class) with 4 XIS: (Total launch mass: ~50 kg)
1 XIS dedicated for Solar Axion search, and 3 XIS for Solar Activity measurements including
active regions, microflares and quiet regions: each XIS is optimized for sub A, A1-A9 or B1-B9
solar states.
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• SSAXI is a compact X-ray Imaging Spectrometer (XIS), designed for SmallSat
mission, and enabled by the advances in X-ray telescopes such as MiXO and
CMOS.
• The primary objective of SSAXI is to measure potential spatial (~ 3 arcmin wide)
and spectral (~3 – 4 keV) enhancement in X-ray flux from the axion or ALP
converted X-rays in the solar magnetic fields. Or put a stronger constraint on the
axion-photon coupling constants.
• SSAXI is designed to ride share to a LEO or sun-synchronous orbit for >1yr science
operation.
• Multiple XIS modules can be assembled for a SmallSat missions, where some of
XIS modules are optimized to measure and establish statistical database of solar
diverse activities over the entire solar disk to understand the elusive origin of
coronal heating.
• A compact X-ray telescope opens door to a variety of astrophysics and
helioscience applications, where each telescope is dedicated for a handful of
celestial targets at low cost.
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• Sterile neutrinos are a candidate for
keV-mass warm dark matter

• Astrophysical X-ray observations
lead the search for sterile neutrino
dark matter
• Fine energy resolution in the energy
range ~3-4 keV necessary to resolve
possible detection of decay
signature of ~7 keV mass sterile
neutrino

K. Perez - MIT

Abazajian, Physics Reports (2017) 1705.01837

• Decay to a neutrino and a photon
with Ephoton = msν / 2
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• SEEJ (pronounced “siege”) is designed to explore exoplanets’ exosphere by
measuring the depth of the planetary transits of > 10 Hot Jupiters to 2% accuracy in
0.5 – 2 keV

Schematic
of
the
absorption altitudes in
the atmosphere of a Hot
Jupiter (HD 189733b).

X-ray transit light curve composed of 5
summed
Chandra
observations in
comparison with optical transit data; SEEJ
will obtain more than 10 times this number
of transits, and so will yield 3 times smaller
error bars for about a dozen hot Jupiter
systems.

Notional SEEJ S/C design
with 3 XIS leverages the
FASTSAT S/C developed
and flown by MSFC in
2010
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Power Distribution
Assembly (PDA)

CMOS

Controller/Motherboard
Board (CTB)

Mo package
with headboard
• Monolithic CMOS X-ray sensor covers 0.5 – 5 keV with <150 eV FWHM at < 4 keV and 16 µm pixel
(6.5 arcsec for 50 cm focal length)
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Are the mechanisms that heat Active Regions, small flares and the quiet Sun different?

Solar Atmosphere

Expected photon flux for SSAXI
observations
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