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Axion-like particles versus QCD Axion
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Axion interactions with Matter

Axion EM coupling: £ = —¢,. O’ZF = @i oE- B

C,oEM
gcwv = ;ﬂ-fa ] C’Y Y O(].)
6 ik
Axions fermion couplings: I — fo (Oua) fv v f
Dimensionless coupling: — Criiig f'f}mha“gi“g
p g gaff F fa, also possible

IR and/or UV tributi to Ya

and/or UV contributions to Jaff i W, 7.
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non-zero electron PQ
charge (DFSZ-type models)
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String Theory (ALPs)
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“Not enough ALP DM”
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Outline

1. Axions with X-ray observations of white dwarfs
and neutron stars (theory)

2. X-ray data: neutron star data (M7 anomaly)

3. X-ray data: white dwarfs data (RE J0317-853)

white dwarf - : neutron star




Outline

1. Axions with X-ray observations of white dwarfs
and neutron stars (theory)

2. X-ray data: neutron star data (M7 anomaly)

3. X-ray data: white dwarfs data (RE J0317-853)

Dessert et al. 2104.12772, Dessert et al.
2008.03305 (PRL), Buschmann et al. 1910.04164
(PRL), Dessert et al. 1910.02956 (ApJ), Dessert et al.
1903.05088 (PRL)

Chris Dessert




Neutron Star Overview

Neutron
Star
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Flux

Neutron Star Overview

Thermal
surface emission Cool
surface

Energy
~0.1 keV ~2 keV

~10 keV



Axions Production in Neutron Star Cores from Brem.

: LR Neut
Axion Luminosity: esli;.?n

6
Al gann : TC
o 7 RS (10—10) (108 K)

~thermal spectrum at: 7. =~ 10 keV

surface temperature ~0.1 keV

understanding factors of T,

1. double neutron degeneracy: (7./p;)* (p; ~ 0.3 GeV)
2. cross-section: o~ T,

3. energy: E,~T,

additional complication: superfluidity (*ask after for details)



Axions Production in White Dwarf Cores from Brem.

Axion Luminosity:
LAl gaee : TC
Lo 2x 1074 Lo (2225
2 \10-13 (107
~thermal spectrum at: 7. ~ 1 keV

surface temperature ~few eV

single electron degeneracy (7./p)? (ps ~ 0.5 MeV)

(additional complication: ionic correlation effects)

> Suppressed luminosity by factor ~few

> *ask after if interested in details



Axion-Photon Conversion in Dipole Field

Strong-field QED -> Euler Heisenberg Lagrangian

Con > 2EM [(F F“”)2+Z(F FW)2
o g0 A

photon

Axion-photon mixing:
ApH. \A'E e Ay
M LS
10_4 Ja~y~ ? 1 keV P B()
2 4 10-11 GeV ™" W 1013 G

2
: Ly Garyy
typical NS: Pa—y ~ 10 <10—11 GeV_1>

Morris ‘86; Raffelt &

Stodolsky ‘88

: i 4 3 Yaryy
typical MWD: pa—y ~ 5 % 10 (1011 T




Outline

1. Axions with X-ray observations of white dwarfs
and neutron stars (theory)

2. X-ray data: neutron star data (M7 anomaly)

3. X-ray data: white dwarfs data (RE J0317-853)

Dessert et al. 2104.12772, Dessert et al.

2008.03305 (PRL), Buschmann et al. 1910.04164
(PRL), Dessert et al. 1910.02956 (ApJ), Dessert et al.
1903.05088 (PRL)



M7 hard X-ray excess

7 NSs between ~100 - 500 pc from Sun
Discovered with ROSAT full-sky X-ray survey
Surface: B ~ 1013 G (spindown)

Tsurf ~ 100 eV

Non previous detection of non-thermal emission

All old ~0.1 - 1 Myr and isolated



M7 hard X-ray excess

Chandra

~ data from ~2 - 8 keV

~ XMM-Newton (PN and MOS
~ ~50" angular resolution

* Chandra

~ ~1" angular resolution



RX J1856.6-3754 Joint 4+ MOS _
-+ PN - Chandra |

- thermal NS surface

excess hard X-rays
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Outline

1. Axions with X-ray observations of white dwarfs
and neutron stars (theory)

2. X-ray data: neutron star data (M7 anomaly)

3. X-ray data: white dwarfs data (RE J0317-853)

Dessert et al. 2104.12772, Dessert et al.

2008.03305 (PRL), Buschmann et al. 1910.04164
(PRL), Dessert et al. 1910.02956 (ApJ), Dessert et al.
1903.05088 (PRL)



Fast forward to New Years 2021

*postponed during
pandemic

Our holiday present: long-awaited dedicated data from
Chandra observation of magnetic white dwarf RE J0317-853

Chandra




Magnetic white dwarfs are ultra-clean

Thermal
surface emission Cool
surface

Flux

Energy
~eV ~ keV



RE J031/7-853 Facts

"hottest” magnetic white dwarf (T, ~5 eV) -> high core T
~29.38 pc (Gaia parallax)
Surface: B ~ 5x108 G (Zeeman splitting and circular pol.)

Teore = 1.39 +- 0.01 keV (dedicated cooling sequences compared
to Gaia luminosity data, ask after if interested)

No previous dedicated X-ray observations



1s0->2p+1

1400 1500 1600
A/ A

We assume By=200 MG dipole
(conservative w.r.t. more realistic
models, but dependence small)



~40 ks with ACIS-I, no grating (18-12-2020)
1-9 keV
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CAST/HB

SN1987A

RE J0317-853 (this work)

Caee = Ca'y’y

/

tree level electron




Expected Chandra 400 ks Cgee = Cpryy

— Expected Chandra 400 ks one-loop W-phobic
Expected Lynx 400 ks Cpee = Cyyy

— Expected Lynx 400 ks one-loop W-phobic

CAST/HB
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&
>

SN1987A

R |
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\

W'd

Chandra followup

m, [eV]



CAST/HB

one-loop Cgee

(W-phobic)
HESS

Caee = Cg YY

DVLSAVH

not most generic

expectation for
ALP!



Questions?




Backup Slides



one-loop Cyep :-W—phobic

one-loop Cyer :W—philic

ALPS-II

\ DESY HOME | RESEARCH | NEWS | ABOUT DESY | CAREER | CONTACT

ALPS | Any Light Particle Search

mg [eV]




Chandra
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Axion model

§ PN+MOS+Chandra

dF/dE [1071 erg/cm?/s/keV]

RA- RA larcmin]

No obvious astrophysical explanation



fid: M = 1.22 Mo, T = 1.38 keV

max rate: M =129 M, T = 1.79 keV

W-phOblCZ Caee — ]..5 X 10_4Ca’)/”)/

m, [eV]



at 95% C.L. (low mass)

RE J0317-853
this work

cooling
hints
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Use Gaia measured Color (BP - RP) and Magnitude (Mg)

Compare to dedicated WD cooling sequences that predict
Gaia CO|OrS/magnitudeS (Camissasa et al., A&A 2019)

Combine with own dedicated MESA simulations for
composition profiles

1.16 Mg,
— 1.22 Mg
— 1.29 M,
HH RE J0317-853

N 1o /20 containment

—0.35




Axions Production in White Dwarf Cores from Brem.

Axion Luminosity:
A At %
Lo 2x 1074 Lo (2225
2 \10-13 (107
~thermal spectrum at: 7. ~ 1 keV

surface temperature ~few eV

single electron degeneracy (7./p/)? (p; ~ 0.5 MeV)

(additional complication: ionic correlation effects)

Nakagawa, Kohyama,

ltoh; Raffelt (1980's) nuclear species  dimensionless

\ ionic + Fermi
2 .
dea s aEMgaee ZQ
g 313 w/T ns L
dw dmoms e T
T thermal spectrum number density

3
SrOACHECTR atomic number



Axion-Photon Conversion in Dipole Field

Strong-field QED -> Euler Heisenberg Lagrangian

2

Con > M (g punyz g (F FW)Z
90mé | M AT

photon

Axion-photon mixing:
Apg. \A'E e Ay
o+ (e A= 0 N — o

SN -
Agpg ~ W (—) (BC — iy i mG>

€

Morris ‘86; Raffelt &
Stodolsky ‘88

suppress mixing

AB ~ ga,wB < induces mixing

i Y 0 G 2 Bloy 4/5 =, 2/5 o 6/5
N Rl eV W 1013 G 10 km




MESA: start with ~10 Msun star before WD phase

end up with oxygen-neon core because carbon depletion (standard
expectation for ~1.2 - 1.3 Msun WD)

D)
Q
S
<
e
-
=
O
<

0f4 0f6 0i8
Moncl [MQ]




NS X-ray Backup
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Core temperature / surface temperature relation

Tb [k@\/]

(large uncertainties here)
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Core temperatures based off of kinematic ages
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