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Do magnetic white dwarf stars emit hard X-rays? (>~ few keV)

We don’t know!

They’re not supposed to,

but we’ve never checked.

axion 
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How would axions  
lead to X-ray emission 
from magnetic white 

dwarf stars? 



White dwarf fact sheet
Formation 
-- old stars that have exhausted their fuel 
 
Properties 
-- mass:   M = (0.5-1.3) Msun 
--  radius:  R = (1-2) Rearth = (0.8 – 2%) Rsun 

-- luminosity:  L < 10-4 Lsun  
-- surface temp:  Teff < (0.8-4.0) *104 K  
-- core temp:  Tcore ~ 107 K 
-- surface B-field:  B ~ (106 – 108) G 
 
Composition 
-- degenerate e- + enough nuclei to give Q = 0 
 
Structure 
-- degenerate e- core extends out to r = 0.99 R 
-- non-degenerate “atmosphere” is remaining 1% 

 
Population 
-- closest WD to Earth is Sirius B at 8.6 ly 
-- 97% of stars in the Milky way are expected to be WDs 



Axion emission from a white dwarf
[Krauss,	Moody,	&	Wilczek	(1984)]	

[Raffelt	(1986)]	
[Nakagawa,	Adachi,	Kohyama,	&	Itoh	(1987,88)]	

a
<latexit sha1_base64="UzG3VRji8FBrDBKhHkAO5fIAh3c="></latexit><latexit sha1_base64="UzG3VRji8FBrDBKhHkAO5fIAh3c="></latexit><latexit sha1_base64="UzG3VRji8FBrDBKhHkAO5fIAh3c="></latexit><latexit sha1_base64="UzG3VRji8FBrDBKhHkAO5fIAh3c="></latexit>

N
<latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit><latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit><latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit><latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit>

N
<latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit><latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit><latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit><latexit sha1_base64="mI9k1PvuuzkKOVhRMv4nKLIGrW8="></latexit>

e
<latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit><latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit><latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit><latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit>

e
<latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit><latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit><latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit><latexit sha1_base64="bMNQcUa7hguOcX0ZcLilR4D6nBQ="></latexit>

gaee
<latexit sha1_base64="QSeXYP5rHZpu6aQedFAFpd9NrlQ="></latexit><latexit sha1_base64="QSeXYP5rHZpu6aQedFAFpd9NrlQ="></latexit><latexit sha1_base64="QSeXYP5rHZpu6aQedFAFpd9NrlQ="></latexit><latexit sha1_base64="QSeXYP5rHZpu6aQedFAFpd9NrlQ="></latexit>

Tc
<latexit sha1_base64="OItltzJEg9yvYNsKkmbVjaf3cWo="></latexit><latexit sha1_base64="OItltzJEg9yvYNsKkmbVjaf3cWo="></latexit><latexit sha1_base64="OItltzJEg9yvYNsKkmbVjaf3cWo="></latexit><latexit sha1_base64="OItltzJEg9yvYNsKkmbVjaf3cWo="></latexit>

�
<latexit sha1_base64="G+I/7KD3xq4VDimhTmGFBuK9rkc="></latexit><latexit sha1_base64="G+I/7KD3xq4VDimhTmGFBuK9rkc="></latexit><latexit sha1_base64="G+I/7KD3xq4VDimhTmGFBuK9rkc="></latexit><latexit sha1_base64="G+I/7KD3xq4VDimhTmGFBuK9rkc="></latexit>

La
<latexit sha1_base64="7zFA5KyGtgytd+AzOX5whK9QIgM=">AAACV3iclVDLTsJAFJ3WF+ILdOmmkZi4oi2ayMqQ6MKFJhgtkAAh02EKE+bRzExV0vAJbvXb+BodoAsBN95kkpPzyL1zwpgSpT1vatkbm1vbO7nd/N7+weFRoXjcUCKRCAdIUCFbIVSYEo4DTTTFrVhiyEKKm+HodqY3X7FURPAXPY5xl8EBJxFBUBvq+aEHe4WSV/bm46wDPwMlkE29V7RuOn2BEoa5RhQq1fa9WHdTKDVBFE/ynUThGKIRHOC2gRwyrLrp/NaJc26YvhMJaR7Xzpz9nUghU2rMQuNkUA/VqjYj/9LaiY6q3ZTwONGYo8WiKKGOFs7s406fSIw0HRsAkSTmVgcNoYRIm3qWtriBMpQLeV/iNyr4wL2TIg7Fu/tIFHLZODOqyf9iZhEzmbxp3F/tdx00KmX/slx5uirVqln3OXAKzsAF8ME1qIF7UAcBQGAAPsAn+LKm1re9becWVtvKMidgaeziDxh4tY4=</latexit>La '

�
1.6⇥ 10�4 L�

� ⇣ gaee
10�13

⌘2
✓

MWD

1 M�

◆✓
Tc

107 K

◆4

<latexit sha1_base64="jW7ruSAfJnMnS94iqsmgUqpXh90="></latexit>

Compact stars are “glowing” in axions!	

gaee < 3⇥ 10�13 (3�)
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[Miller	Bertolami	et.	al.	(2014)]	Implications 
(1)  cooling constraints: 

(2)  cooling hints:	
ga�� ' 1.4⇥ 10�11 GeV�1

gaee ' 1.5⇥ 10�13
<latexit sha1_base64="PLyb8p4paLqinyfXGPRga+YlupI="></latexit>

[Giannotti	et.	al.	(2017)]	



Detecting astrophysical ALPs at Earth

Can we detect the radiated ALPs when they reach Earth? 
 è  Axion energy flux density at Earth: 

 
 
 
Axions are converted into photons in a B-field 

 è  Conversion probability is given by  
 
 
 
 
Predicted signal is very weak (~ 10-18 counts / sec): 
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A stronger B-field at the source!

Often compact stars already sustain strong B-fields 
 è  Neutron stars (magnetars):  ~1012 – 1015 Gauss 
 è  Magnetic white dwarfs:      ~106 – 109 Gauss 

 
The conversion of axions into photons will occur near the star! 

radio signals from ALP dark matter 
[Fortin	&	Sinha,	(2018)]	

hard X-ray signals from magnetars 
[Hook,	Kahn,	Safdi,	&	Sun	(2018)]	

ma [keV]
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Axion conversion in MWD magnetosphere

 
Axions convert to X-ray photons as they exit the star 
 
 
 
 
 
 
 
 
 
 
 

[D.	E.	Morris	(1986);	Raffelt	&	Stodolsky	(1987)]	
see	also:		[Gill	&	Heyl	(2011)]	
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signal = thermal X-ray emission (Tc ~ 107 K ~ keV) 
background = surface emission negligible (Teff ~ 104 K) 

[Dessert,	AL,	&	Safdi	(1903.05088)]	
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Where should we look 
for this signal? 



How many MWDs are there?

The Gaia survey maps out nearby WDs 
 è  Expects to see 100% of WDs with 100 pc of Earth. 
 è  Current catalog contains ~70,000 WDs. 

 
 
The number of known MWDs is far fewer 

 è  Roughly 300-550 have been identified. 
 
 
 
B-field measured from spectra 
①  Measure the spectrum well 
②  MWD contains hydrogen (Balmer) 
③  B-field induces Zeeman effect 
④  Spectra splitting ó B-field   

[Torres	et.	al.	(2015)	

[Ferrario,	deMartino,	&	Gansike	(2015)]	



Magnetic white dwarf candidates

Top 10 MWD candidates 
 
 
 
 
 
 
 
 
 

predicted	X-ray	flux	
from	2-10	keV	

1

X-ray signatures of axion conversion in magnetic white dwarf stars
Supplementary Material

Christopher Dessert, Andrew J. Long, and Benjamin R. Safdi

This Supplementary Material is organized as follows. Section I includes a list of several MWD stars that are expected to
be promising candidates for observations of axion-induced X-ray flux. In Sec. II we present a more general formalism for
calculating the axion-to-photon conversion probability to account for the fact that the axions are emitted isotropically and ho-
mogeneously throughout the WD core. In Sec. III we perform a more detailed study of the X-ray emission from RE J0317-853,
including a more accurate modeling of its magnetic field structure, an assessment of uncertainties in its temperature measure-
ments, and an evaluation of its X-ray spectrum. Finally Sec. IV presents the radiatively-induced axion-electron coupling that
arises from the axion-photon coupling, which allows us to recast our limit on |ga�� gaee| in terms of the axion-photon coupling
alone.

I. ADDITIONAL MWD CANDIDATES FOR X-RAY OBSERVATION

In the main text we have focused our analysis on the MWD star RE J0317-853, since it is expected to have a particularly
strong X-ray flux, and because X-ray data is already available from Suzaku. However, there are over 200 MWD stars with
well-measured field strengths, temperatures, and distances. For each of these stars, we calculate the expected axion-induced
X-ray flux in the 2� 10 keV energy window, denoted by F2�10, assuming ma = 10�9 eV and ga��gaee = 10�24 GeV�1. The
flux is insensitive to the axion mass in the limit ma ! 0, and more generally the flux has an overall scaling with the couplings,
F2�10 / (ga��gaee)2.

Our results are summarized in Table I, which shows the ten MWDs with the largest predicted X-ray flux, F2�10. We con-
structed a full list by merging the SDSS DR7 magnetic WD catalog [73], a review MWD catalog [16], and Gaia DR2 WD
catalog [58]. The former two provide the magnetic field strengths and temperatures of the WDs, while the latter provides dis-
tances, luminosities, masses, and radii, if known. Since the mass and radius of WD 2010+310 are not known, we take its mass
to be MWD = 1M�, and we infer its radius from the Stefan-Boltzmann law.

TABLE I. MWD stars that make good candidates for measurement of their secondary, axion-induced X-ray flux. The columns correspond to
the star’s mass in solar masses, radius in solar radii, luminosity in solar luminosities, effective temperature in Kelvin, magnetic field strength in
mega-Gauss, distance from Earth in parsecs, and predicted X-ray flux from 2 � 10 keV in erg/cm2/s, calculated assuming ma = 10�9 eV
and ga��gaee = 10�24 GeV�1. The parameters were obtained by merging the catalogs in Refs. [16, 58, 73]. We infer the mass and radius of
WD 2010+310 as discussed in the text.

MWD [M�] RWD [R�] L� [L�] Te↵ [K] B [MG] dWD [pc] F2�10 [erg/cm2/s]

RE J0317-853 1.32 0.00405 0.0120 30000 200 29.54 6.8⇥ 10�14

WD 2010+310 1⇤ 0.00643⇤ 0.00566 19750 520 30.77 4.4⇥ 10�14

WD 0041-102 (Feige 7) 1.05 0.00756 0.00635 18750 35 31.09 3.0⇥ 10�14

WD 1031+234 0.937 0.00872 0.0109 20000 200 64.09 2.3⇥ 10�14

WD 1533-057 0.717 0.0114 0.0121 18000 31 68.96 1.3⇥ 10�14

WD 1017+367 0.730 0.0111 0.0082 16500 65 79.24 7.1⇥ 10�15

WD 1043-050 1.02 0.00787 0.00388 16250 820 83.33 5.4⇥ 10�15

WD 1211-171 1.06 0.00754 0.00992 21000 50 92.61 5.4⇥ 10�15

SDSS 131508.97+093713.87 0.848 0.00968 0.01347 20000 14 101.7 3.5⇥ 10�15

WD 1743-520 1.13 0.00681 0.00184 14500 36 38.93 2.9⇥ 10�15

II. THE PROBABILITY FOR AXION-PHOTON CONVERSION IN A GENERAL MAGNETIC FIELD BACKGROUND

In this section we present a more general formalism to calculate the axion-photon conversion probability, and in the following
section we apply this calculation to study the X-ray emission from RE J0317-853 in more detail. Interactions between the axion

(for	ma	=	10-9	eV	and	|gaee	gaγγ|	=	10-24	GeV-1)	



Observed in EUV (soft X-ray) by ROSAT 
 
 
 
 
Optical & FUV spectra indicate B-field è 
 
 
 
Not seen in hard X-ray 

 è  Suzaku (60 ks exposure) 
 è  2-10 keV band 

 
 
 
An ideal target for axion-induced X-ray emission! 

RE J0317-853

[Barstow	et.	al.	(1995)]	
[Burleigh	et.	al.	(1999)]	
[Kulebi	et.	al.	(2010)]	

[Harayama	et.	al.	(2013)]	

0.423± 0.058 ct/sec in 0.1� 0.4 keV
<latexit sha1_base64="DUmI5WyntbakugGxQYB/lriPEFo="></latexit>

F� < 1.7⇥ 10�13 erg/cm2/sec
<latexit sha1_base64="Gkx7OtdpBeuhWLYxTWHYvLeb8IU="></latexit>

– 12 –

as	the	star	rotates,	we	see	a	different	
B-field	strength	along	the	line	of	sight	

&	the	Zeeman	splitting	varies	

Measured parameters 
 è  MWD = 1.32 Msun 
 è  RWD = 0.00405 Rsun 
 è  Lγ = 0.0120 Lsun 
 è  Teff = 30,000 – 60,000 Kelvin 
 è  B = 200 – 800 MG 
 è  dWD = 29.54 pc  (Gaia) 
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More than one order of magnitude improvement over previous limits (CAST). 
Fiducial model for cooling hints is excluded up to ma ~ 10-5 eV @ 95% CL 



Can we do better?

Chandra X-ray Observatory 
 è  Better point source sensitivity than Suzaku. 
 è  A stronger limit is possible even w/ a shorter exposure (20-40 ks). 

 
 
 
 
 
 
 
 
 
 
What will we learn?   

 è  definitely:  extend limits by over x10 
 è  and test cooling hints 
 è  maybe:  discover some new physics! 
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What have we learned 
from Chandra’s 
observations? 



data	taking	on	Dec	18,	2020	
(artist’s	impression)	



Chandra observation + data

Chandra observation 
 è  37.42 ks (~10 hr) of data taken on Dec 18, 2020 
 è  No photon counts observed near the source 
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and composition of RE J0317-853 using MESA [52] ver-
sion 12778. We simulate a WD of RE J0317-853’s mass
from stellar birth until it has cooled below RE J0317-
853’s observed luminosity. These simulations account for
core electrostatic e↵ects including ionic correlations and
crystallization in the core that modify the profiles from
that of a fully degenerate ideal electron gas, which were
neglected in [17]. We find RE J0317-853 has a predom-
inantly oxygen-neon core because it completed carbon-
burning while ascending the asymptotic giant branch,
typical for a WD of its mass undergoing single-star evo-
lution. We take as our fiducial profiles those density and
composition profiles from the model for which the lumi-
nosity matches the observed luminosity of RE J0317-853
(see Sec. IV of the SM for further details).

The second improvement we make is in estimating
the core temperature of RE J0317-853. Ref. [17] es-
timated the core temperature from an empirical core
temperature-luminosity relation using an assumed lumi-
nosity from [53]. Ref. [53] used Hubble parallax and pho-
tometric data along with WD cooling sequences to esti-
mate the luminosity of RE J0317-853. Here, we estimate
the core temperature from WD cooling sequences [54]
which predict Gaia DR2 band magnitudes. These cooling
sequences are improved over those of [53] because they
better account for ionic correlation e↵ects than previous
sequences, and our use of Gaia data rather than Hubble
represents an improvement because of smaller uncertain-
ties on the magnitudes, partly due to improved parallax
measurements. In particular, we fit the models in [54]
over cooling age and mass to the measured RE J0317-
853 Gaia DR2 data [55]. Although previous measure-
ments indicated a mass for RE J0317-853 of & 1.26 M�,
we find that the 1.22 M� model provides the best fit to
the data. In the context of that model, we find that the
Gaia data prefers a core temperature Tc = 1.388 ± 0.005
keV. Therefore we use this model and to be conserva-
tive assume a core temperature at the lower 1� allowed
value, Tc = 1.383 keV, since the emissivity increases with
increasing Tc.

Axion emission from the stellar interior primarily re-
sults from the bremsstrahlung scattering e + (A, Z) !

e + (A, Z) + a where an electron is incident on a nucleus
with atomic number Z and mass number A. The elec-
trons in a WD core are strongly degenerate with a tem-
perature T ⌧ pF that is much smaller than the Fermi
momentum pF . In this regime, the axion emissivity spec-
trum is thermal and given by [15, 51]

d"a
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=

↵
2
EMg

2
aee

4⇡3 m2
e

!
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e!/T � 1

X

s

Z
2
s⇢sFs

Asu
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which includes a sum over the species s of nuclei that are
present in the plasma; Zs is the atomic number, As is the
mass number, ⇢s is the mass density, and u ' 931.5 MeV
is the atomic mass unit. The species-dependent, dimen-
sionless factor Fs accounts for medium e↵ects, includ-
ing screening of the electric field and interference be-
tween di↵erent scattering sites. For a strongly-coupled
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Figure 3. The energy spectrum found from our analysis of
the Chandra data from the MWD RE J0317-853. In each of
the four energy bins the best-fit fluxes are consistent with zero
(the 68% containment intervals are shown). We also illustrate
the predicted axion-induced signal that would be seen from
an axion with the indicated couplings and ma ⌧ 10�5 eV.

plasma [56] we use the empirical fitting functions pro-
vided by [57]. Note that the axion luminosity is given by
the integral of the emissivity over the WD core.

Our fiducial WD model leads to the predicted axion lu-
minosity La ⇡ 8 · 10�4

L�(gaee/10�13)2. Accounting for
modeling uncertainties on RE J0317-853 we estimate the
limit on ga�� may be ⇠10% stronger, as illustrated in SM
Fig. S4. Axions may also be produced by the ga�� cou-
pling from electro-Primako↵ production, which we com-
pute in the SM, though as we show in SM Figs. S2 and S3
this process is subdominant compared to bremsstrahlung
for RE J0317-853.

The axions then undergo conversion to X-rays in the
MWD magnetic fields. The conversion probability pa!�

may be calculated numerically for arbitrary magnetic
field configurations and axion masses ma by solving
the axion-photon mixing equations in the presence of
ga�� , though it is important to incorporate the Euler-
Heisenberg Lagrangian term which modifies the prop-
agation of photons in strong magnetic fields and sup-
presses the mixing [19]. The magnetic field of the MWD
is found to vary over the rotation period between 200
MG and 800 MG [58]; we follow [17] and assume a dipole
field of strength 200 MG, to be conservative. Note that
at low axion masses and high B-field values the depen-
dence of the conversion probability on magnetic field is
mild: pa!� / B

2/5 [17]. Using the o↵set dipole model
from [58] increases the conversion probabilities by up to
⇠50% [17] at low masses, which may increase the limit by
⇠10% relative to our fiducial case. Numerically the con-

version probabilities are O(10�4)⇥
�
ga��/10�11 GeV�1

�2

for ma ⌧ 10�5 eV and drop o↵ for higher masses. The
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Improved WD modeling 
 è  Use WD cooling sims to infer the nuclear composition, core 

temperature, and density profile of RE J0317-853 

nuclear abundance profile mass density profile 
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Towards a limit on axions

Improved WD modeling 
 è  Use WD cooling sims to infer the nuclear composition, core 

temperature, and density profile of RE J0317-853 
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medium factor profile emissivity factor profile 



Interpretation

Constraints on the axion-photon coupling 
 è  Axion-electron coupling gaee is radiatively-generated from gaγγ  
 è  We also place model-dep constraints on gaγγ alone 
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Interpretation

Implications for axion emission 
 è  Absence of X-ray emission constrains axion-matter couplings 

 
 
 
 
 
 
 
 
 
 
 
What have we learned?   

 è  Best constraint to date on gaee*gaγγ (10x better than previous) 
 è  Strong tension with best-fit point for cooling hints 
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Discussion 



What happens if there’s a signal?

Could it be astrophysics? 
 è  An isolated MWD is expected to have negligible hard X-ray flux. 
 è  Hard X-ray may result from accretion or a binary companion.   
 But we’d also see this in IR.  Plus the spectrum is falling.  Plus disks are rare.   

[Bilikova	et	al	(2010)]	
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ABSTRACT

Hard X-ray emission associated with white dwarfs (WDs) can be used to diagnose the presence of late-type binary
companions, mass accretion from companions, or physical processes with unknown origins. Since our previous
systematic searches for hard X-ray emission associated with WDs, the Galactic WD catalog has been augmented
by >10,000 new WDs from the Sloan Digital Sky Survey and new X-ray point-source catalogs from XMM-Newton
and ROSAT have become available. Therefore, we have extended the search using the updated catalogs, and found
17 new cases of WDs associated with hard X-ray emission. The 32 WDs associated with hard X-ray emission, from
the current and previous searches, can be divided into five categories: (1) binary WD with a coronal companion, (2)
binary WD with mass transfer from a companion, (3) single hot WD with a hard X-ray component peaking near
1 keV in addition to a soft photospheric component, (4) two PG 1159 stars with very faint X-ray emission in the
0.9–2.0 keV band, and (5) two DA WDs whose photospheric emission component has a hard shoulder extending
to 0.5–0.9 keV. The origin of the hard X-ray emission in the latter three categories is not yet known. Deeper X-ray
observations with higher angular and spectral resolutions are needed to help us understand these WDs’ hard X-ray
emission.
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1. INTRODUCTION

White dwarfs (WDs) represent the final evolutionary stage
of intermediate- and low-mass stars. Depending on their effec-
tive temperature (Teff) and composition, or opacity, their photo-
spheric emission can be observed from near-infrared (IR) up to
soft X-rays (λ ! 25 Å, hν " 0.5 keV), but no detectable hard
X-ray emission (>0.5 keV) is expected from single WDs.

Many WDs are associated with hard X-ray emission. Almost
all of them are in binary systems with a late-type companion,
and the hard X-rays originate either from the companion’s active
corona, or from the accretion of the companion’s material onto
the WD’s surface, as in a cataclysmic variable. Using the ROSAT
All-Sky Survey, Fleming et al. (1996) found nine WDs with hard
X-ray emission due to late-type companions. O’Dwyer et al.
(2003, hereafter Paper I) and Chu et al. (2004b, hereafter Paper
II) conducted systematic searches for hard X-ray emission from
WDs in the McCook & Sion (1999) catalog, using the ROSAT
WGA point-source catalog (WGACAT, White et al. 2000) and
the catalogs of the ROSAT Results Archive Sources for the
Position-Sensitive Proportional Counter (PSPC) observed with
and without the boron filter (ROSPSPCFCAT1 and ROSPSPC-
CAT2, respectively). They found 12 additional WDs in binary
systems that are associated with hard X-ray emission.

Few apparently single WDs with hard X-ray emission are
known. The soft X-ray emission of KPD 0005+5106 was
detected in the ROSAT All-Sky Survey by Fleming et al. (1993),
but an additional component of hard X-ray emission peaking
near 1 keV was later detected in a pointed PSPC observation
made with the boron filter (Paper I). For a canonical LX/Lbol
of late-type coronal stars, the observed hard X-ray luminosity
of KPD 0005+5106 requires a companion that is bright in
the IR; the lack of IR excess thus excludes the existence of
a coronal companion (Chu et al. 2004a). The origin of the

1 Available at ftp://ftp.xray.mpe.mpg.de/rosat/catalogues/2rxf/pub/.
2 Available at ftp://ftp.xray.mpe.mpg.de/rosat/catalogues/2rxp/pub/, and can
be browsed at http://heasarc.gsfc.nasa.gov/docs/archive.html.

hard X-ray emission of KPD 0005+5106 is still unknown.
Another apparently single WD with hard X-ray emission is
WD 2226−210, the central star of the Helix Nebula. Its hard
X-ray emission peaks at 0.8–0.9 keV (Leahy et al. 1994) and
appears unresolved in Chandra observations (Guerrero et al.
2001). Based on the hard X-ray luminosity and variations,
as well as the variations in the stellar Hα line profile, it has
been suggested that WD 2226−210 has a late-type companion
(Guerrero et al. 2001; Gruendl et al. 2001); however, Hubble
Space Telescope (HST) images do not show any companion
(Ciardullo et al. 1999), and the near- to mid-IR photometry of
WD 2226−210 excludes the existence of a companion down to
brown dwarfs (Paper I; Su et al. 2007). A less publicized single
WD with hard X-ray emission is WD 1159−034 (PG 1159); its
hard X-ray emission is detected at a 3σ level (Paper I).

Since the systematic searches reported in Papers I and II,
the number of spectroscopically confirmed WDs in McCook &
Sion’s catalog has increased from 2449 to 12,456 (as of 2009
September), mainly due to the release of the Sloan Digital Sky
Survey (SDSS) data (Eisenstein et al. 2006). In addition, the
XMM-Newton satellite, launched in 1999, provided observations
with much higher angular resolution (6′′ on-axis) and ∼6 times
higher effective area at 1 keV than ROSAT. The latest version
of XMM-Newton’s Serendipitous Source Catalog (XMMSSC
or 2XMMi) as of 2009 September contains ∼290,000 X-ray
sources. With a significantly larger number of known WDs
as well as new X-ray data available, we have made another
systematic search for hard X-ray emission from WDs, using the
updated list of WDs from McCook & Sion (2006) and the X-ray
catalogs of ROSPSPCCAT, ROSPSPCFCAT, and XMMSSC.
The aim is twofold: (1) to search for single WDs with hard
X-ray emission similar to WD 2226−210 in the Helix Nebula
or KPD 0005+511 and (2) to diagnose WDs with late-type
companions through hard X-ray emission. The results of these
searches are reported in this paper. In Section 2, we describe
the search for WDs with hard X-ray emission, in Section 3,
we briefly describe the WDs with hard X-ray emission not
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Figure 1. XMM-Newton spectra of WDs associated with hard X-ray emission reported in Papers I or II. Origin of the hard X-ray emission is noted in the upper-right
corner for each WD. Row 1: WD0216−032, WD0347+171, and WD0429+176; Row 2: WD0736+053, WD1213+528, and WD1253+261; Row 3: WD1631+781 and
WD2226−210.

Table 3
ROSAT PSPCF Detectionsa

X-ray Counts Reported
in PSPCF (Counts)

WD WD Common ROSAT ROSAT Exp Pos 0.11–0.41 0.52–0.9 0.9–2.01
Number Type Name Src No. Obs No. (ks) Coinc keV keV keV Remarksb

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

2226−210 DAO.49 CSPN NGC 7293 2RXF J222938.5−205012 900187 4.2 Good 26 ± 5 6 ± 3 24 ± 5 P2
0005+511 DOQZ.4 KPD 0005+5106 2RXF J000817.7+512315 200428 4.9 Good 172 ± 13 7 ± 3 18 ± 4 P2
0512+326 DA1.8 14 Aur C, HD33959C 2RXF J051523.5+324109 200815 2.3 Good 1130 ± 34 52 ± 7 44 ± 7 P2
1314+293 DA1+dM3.5e HZ 43A 2RXF J131621.5+290558 200418 21.1 Good 26000 ± 870 82 ± 24 57 ± 20 P1
1631+781 DA1+dM4e 1ES 1631+78.1 2RXF J162907.8+780438 200821 2.7 Good 2190 ± 47 6 ± 3 11 ± 3 P1

Non-associations

1821+643 DOZ.4 DS Dra 2RXF J182152.3+642143 200429 8.0 U 175 ± 13 30 ± 6 126 ± 12 P1c

Notes.
a For multiple observations of the same target, we give the values for the one with the longest exposure time.
b Explanations of the terms in the remarks column are as follows. P1: the X-ray source has been discussed in Paper I. P2: the X-ray source has been discussed in
Paper II.
c As mentioned in Paper I, the X-ray emission from this source is blended with an adjacent source.
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What happens if there’s a signal?

Could it be astrophysics? 
 è  An isolated MWD is expected to have negligible hard X-ray flux. 
 è  Hard X-ray may result from accretion or a binary companion.   
 But we’d also see this in IR.  Plus the spectrum is falling.  Plus disks are rare.   

 
 
 
Could it be axions? 

 è  Predicts rising spectrum of hard X-rays 
 è  Predicts flux ratios in different stars 
 è  Predicts periodic time-dependence 
 è  Predicts polarized X-rays 

 
 
 
There will be several ways to discriminate an astrophysical X-ray 
flux from an axion-induced X-ray flux! 



Summary 
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Axion emission from compact stars 
will induce a hard X-ray signature. 

 è  A direct test of cooling “hints” 
a
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Existing X-ray data on RE J0317-853 
leads to strongest constraint at low ma. 

 è  We identify good candidate MWDs 

neutron star <-->  hadron collider
(discovery machine)

white dwarf star <-->  lepton collider
(precision machine)

X-ray observations by Chandra find no 
evidence for X-ray emission (2-10 keV) 

 è  Strong constraints on axion-matter 
couplings.  Prospects favorable for future 
observations. 


