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Thereare e iffe'ren'tl,'POSSi ble disks around neutron "St'arel

$Remnants of progenitor disks ISR M R B

| fallback dlsks

5 generalpredlctlon of supernove few detected candidates

| Accretion disks in binary systemsg
ell-known and studied, e.g. in X-ray binaries -

Disks from evaporated binaries , planets, or asteroids
The 3 planets around PSR 1257+12 are explalned by‘formatlon in such adisk i_

*90% of the known pulsars are |solated




Disks around neutron stars are interesting for many reasons.

Study of accretion processes and disk/wind interactions.

Supernova fallback disks can probe
models of supernova explosions.

Interaction with a the torque of a disk modifies the
evolution of isolated neutron stars and could explain

* the "too-many”-neutron-stars problem

* the recent discoveries of ultra slowly rotating pulsars

Investigations of extreme conditions for
* disk composition & survival
* planet formation
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The energy resources of neutron stars
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The energy resources of neutron stars

1038
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An isolated neutron star can emit (and pulsel!) at all A.

magnetic axis

Credit:Lorimer & Ki ramer
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(coherent)
radio pulses

) |
\

radio beam

UV - Optical
(thermal & non-thermal)

: >
rotation axis| \

- Gamma-rays
| (emission belt,
pulses)

(thermal)
soft X-rays pulses

open
field lines .~

In addition:
B [ \ [——"Tlosed : -
\ 1w field lines :light * Pulsar Wind Nebulae
®* supernova remnants
* TeV " "bubbles”

s:>1keV (1eV=1602 10")J
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Many pulsars produce powerful anisotropic winds.

© MIPK/based on Aharonian et al. 2012
Wind.
C"‘_b acceleration

zone d /
) 20,000-50,000 km i ™

I
Magnetosphere_J

Shock front

PULSAR

Non-

thermal
nebula

CRAB NEBULA

] I
light cylinder _ 0,3 light-years

1
About half of the pulsar's emitted energy is transformed into
a fast (relativistic, i.e. with velocity close to the speed of light) wind

NASA/Chandra*®

jet and torus

structures: ~1-2 lyr
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The disk candidate around the magnetar 4U0142+61

Nature, Vol. 440, T72-775 (6 April 2006)

Wang et al. 2006
" * A 4 i L A debris disk around an isolated young neutron star
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More Spitzer data and observation windows of our new JWST data

Wang et al. 2008
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MIRI:
LRS spectrum
Done: 20. September 2022

NIRCam:
F250M and F140M images
Done: 21 September 2022

published: Hare et al. 2024
(ApJ; arXiv 2405.03947)

NIRCam:

F410M and FO70W timing
technical issues,

recently re-observed



A blackbody model cannot explain the MIRI+NIRCam data

Model: absorbed blackbody spectrum Model: absorbed power law
70t ' ' | ' ' » 7 | | | | | »
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Hare et al. 2024 (ApJ; arXiv 2405.03947) fo=594+0.2puly at Ao = 8 pm
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A blackbody model cannot explain the MIRI+NIRCam data
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Hare et al. 2024 (ApJ; arXiv 2405.03947)
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Model: absorbed power law

Wavelength (um)
fo()\/)\o)alofo.él}l,\
Ay = 3.94 + 0.07

fv
o = 0.96340.005

fo="5944+02u)y at \g = 8 pum



But the power law slope does not exclude all disk models.

Approximation of a multi-temperature blackbody (BB) flat disk (optically thick):

[ 21 cosi 2hv° /”"“’“t rdr
R = c? /.. explhv/ET(r)]—1

Assuming radial dependence of the local effective temperature:

T A\ e /e —0B _— —p
1 (7) _ lill(T /Till) - IOUt (T)/T)C)th) 7 OurJWST data power laW result.

372/0 b (2/8 = DkThw < hv < kT, fu = fo(A Ao)*1070-44x

Ju o< v

a=2/3-3 a = 0.96340.005

if rout/rin > (2//3 — 1)1/'ﬁ

Likely more complicated: not BB emission, flared disk, optical thick and optical thin regions

Problem (?): Spitzer MIPS data/limit cannot be fit with this simple model
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The radial power law temperature model seems to be consistent
with the previous fallback disk model by Ertan et al. 2007

Ertan et al. 2007
TABLE 1
MopeL TEMPERATURES AND RADII CORRESPONDING TO DIFFERENT
OpTicAL AND INFRARED B S T L L LA | T T L
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B —0.51 ‘
I(r) ocr -
o = 0.92 This is very close to

B = 2/(aa+ 3) = 0.505 for « = 0.96
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Conclusion — many exciting things to discuss:

Hare et al. 2024 Can models of irradiated dusty disks
oo Wavelength g or debris disks produce such a spectrum?
10‘13:-.24 |J.Im 8|.Lm '4.-5 |J:m . KSI H J |II | R 'VI B' | '
: Suggested models to try?
S How typical are “no spectral features” in disks?
T Can we exclude some gas/dust compositions ?
>
Disk (W+06 k . . oo
L i regarding variability:
Y 10715 —— Disk+PL (W+06) - . .
e Loty 3 How quick is the process
MIPS 1 . . . . .
b 1 X-rayirradiation = IR re-emission ?
$ NIRCam
. ¢ NIR-opt (W+06) . " . . .
107 s ———— 7% — Could one have “pulsing” disk emission

Frequency (Hz) (e.g., in a warped disk) ?
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