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Type | X-ray Bursts

e Explosive nuclear burning of accreted
H/He on a neutron star surface.

e Sudden rise and Iong exponentlal decay
' (S, Gwchandut et al. 2023)

e Elements synthesized.
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“Stellar winds

. Outward pressure (from gas magnetlc

flelds or- radlatlon)

¢ Mass ejected Ps m_ass'NS_

“e Extreme radiation drives optically

“thick winds, expelling material and
‘heavily modifying the observed X-ray
~ emission. |



Bridging models
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Bridging models

Stellar wind model

K _Stationary,'r‘adi'ation4driven
S OWindS e e

. 'Very small-,changes--in
| luminosity ~ 3;6x1'038e'rg/s.
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Exfrapalation Extrapolation
Wind solution | | Wind solution

e Not well-defined photosphere in 1/ ]
XRB models. - - ' ' '

e Assumption: Photospheric
luminosity = luminosity in last layer
of XRB (3.52x10 " erg/s)- .
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Simulating X-ray spe_ct ra @) e
| T R Bl . Model: TBabsxbbody
T T - ¢ Norm:Kbb=L,,/D;,

D=~7kpc .
Abs = 1.33x10"'cm” (4L 1820-30)

e Rising;

: Decaying
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Simulating X-ray spectra @ e
* ' . ____ « Model: TBabsxbbody
‘Norm: Kbb =L,,/D;,
D=7 RS .

Abs = 1.33x10" cm " (4U 1820-30)
» Rising; Peak; Decaying |

Model | kT [keV] y* Bins x*/N
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Simulating X-ray spectra = @30
* ' - = ¢ Model: TBabsxbbody
Model 3: kT=1.853 | Norm Kbb — .L39/D12(')-
I sD=7 MRS W
Abs = 1.33x10" cm " (4U 1820-30)
» Rising; Peak; Decaying |

Model | kT [keV] y* Bins x*/N

0.88264  71.76 66 1.087
1.10238 493.98 483 1.023
1.96279 341.14 359 0.950
1.02401  35.28 40  0.882
2.05262 277.17 342 0.810
1.45376  94.99 107 0.888
1.03698 174.38 200 0.872
0.66798 400.00 418 0.957
2.07232 291.86 319 0.915
1.17299 102.66 122 0.841
0.80110 441.45 446 0.989
1.96647 290.41 335 0.867
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Simulating X-ray spectra B e
* ' IV = ¢ Model: TBabsxbbody
‘Norm: Kbb =L,,/D;,
D=~7kpc .
Abs = 1 33x10 'em™(4U 1820- 30)

Rising; Peak; Decaying
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Simulating X-ray spectra @50
* ' e ame ¢ Model: TBabsxbbody
Model 12: KT=0.831 | Norm Kbb _=.L39/D12(')-

2x10t

» Rising; Peak; Decaying

Model | kT [keV] x* Bins x?*/N

0.88264 76 66 1.087
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Simulating X-ray spectra = @30
* ' — e ¢ Model: TBabsxbbody
Model 13: kT=0.531 | NOrm Kbb = '|_39/D120_
- s D=7 RS,
Abs = 1.33x10 ¢m " (4U 1820-30)
» Rising; Peak; Decaying |

Model | kT [keV] x* Bins x?*/N
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Simulating X-ray spectra = @30
| ' — mmmm ¢ Model: TBabsxbbody
o ers o Norm: Kbb = L._/D?.
D=7 RS .
Abs = 1.33x10" cm " (4U 1820-30)
» Rising; Peak; Decaying |

Model | kT [keV] y* Bins x*/N

0.88264  71.76 66 1.087
1.10238 493.98 483 1.023
1.96279 341.14 359 0.950
1.02401  35.28 40  0.882
2.05262 277.17 342 0.810
1.45376  94.99 107 0.888
1.03698 174.38 200 0.872
0.66798 400.00 418 0.957
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Peter Bult et al. Time-resolved spectroscopy of
the X-ray burst using a double blackbody model.

ay spectra
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L Te'_mperatur-'e'decrlease_ by a factor

of 2.

e Consistent temperature evolution
‘and decrease factor.
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~SIXTE simulations: Athena X-IFU @ &5

F_ocUsed simulation - Optical filter

NewAthena X-IFU Rejected Event (Pile-up) Fraction

data and folded model
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Source Flux [erg/cm?/s]
Distance set: D = 708 kpc




SIXTE 5|mulat|ons Athena X-IFU @

Focused 5|mulat|on Optical fllter

Parameter  Phase 1 (rise) Phase 2 (peak) Phase 3 (toi)  SEUEIAINIS models to the Slmulated spectra:
Physical input . @ Model Babsxbbody -

L (10 erg/s) 0.62 3.60

F (10712 erg/cm?/s) 1.03 6.00 L » - -
Temperature: 7 (keV) Difficulty of galactic observations.

Input 1.29 0.41 1.79 . : | :

Output (fit) 1.58 £ 0.09 0.404 &3 x 10~ 1.95 £ 0.09

% Difference +23% 2% +13% Can perform extragalactlc observatlons
Normalization (10?) (And ro meda) |

Input 1.2 7.2 3.9
Output (fit) 2.2 4.2 25.1 + (.2 6.2 + 0.6
% Difference +83% +249% +59%

(Goodness of fit

Total y2/d.o.f. = 1298.6/1195 y2=1.09 (Prob = 0.019)




SIXTE 5|mulat|ons Athena X-IFU @

D_efocuséd simulation

data and folded model NewAthena X-IFU Rejected Event (Pile-up) Fraction
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lol—13 1OI—11
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Distance set: D = 7.46 kpc




SIXTE 5|mulat|ons Athena X-IFU @

Defocused simulation

Parameter

aramete Phase 1 (Rise) Phase 2 ( '

L (10°% erg/s)
F (107% erg/cm?/s)

Temperature: k7T (keV)

Input
Output (fit)
% Difference

Input
Output (fit)

% Difference

Physical input

0.62

Peak) Phase 3 (Tail) * Fitting models to the S|mulated spectra

TBabSXbbody

0.93 5.40

1.29 0.41

1.143+1x 1073  0.3675 + 3 x

Normalization (1072)

11.1 64.7

G.14 = 0.01 18.24 +

-45% -72%

(Goodness of fit

Total x2/d.o.f. = 32533.1/25844 x2 = 1.26

e Extraction: Filtered for survwmg High- Resolutlon |
(GRADING =1) photons

1.72
107 1183+ 1 x 10

-31% . Standard XSPEC plpellne uses a "canned" ARF .

0 renc -12% -10% !

(Ancillary Response File).

35.4
0.08 8.00 £ 0.01
- 7 TEF{EI

(Prob = 2.3 x 10 16%)



SIXTE 5|mulat|ons Athena X-IFU @

Defocused simulation

Parameter

L (10°% erg/s)

F (107° erg/em*®/s)

Input
Output (fit)
% Difference

Input
Output (fit)

% Difference

Total y?/d.o.f.

Phase 1 (Rise) Phase 2
Physical input

0.62

0.93 5.40

Temperature: k7T (keV)

1.29 0.41

1.143+1x 1073  0.3675 + 3 x
-12% -10%

Normalization (1072)

11.1 64.7
18.24 = 0.08
-45% -72%

G.14 = 0.01

(Goodness of fit

= 32533.1/25844 2 =1.26

(Peak)

1.72

107 1.183+1 x 10

- 3 ]_ {.;;(E:I

35.4
8.00 = 0.01

(Prob

Phase 3 (Tail)

* Fitting models to the S|mulated spectra
TBabSXbbody

e Extraction: F|Itered for survwmg High- Resolutlon
‘(GRADING =1) photons

. Standard XSPEC plpellne uses a "canned" ARF .
(Ancillary Response File).

he defocused observations of bright sources with Athena/X-IFU
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° XRB and stellar wind models bndged and vaI|dated agalnst reaI NICER
'- observatlons - | - -

£

e Extension steIIar.Wind-modeI (avoid extrapolation). -

e Athena'’ S defocused mirrors successfully protect the mlcrocalonmeters from 2 25

- Crab bursts .

e Standard canned calibration completely fails, creating unphysical tempe'ra'tdre
~inversions and massive residuals. Need of development of dynamic, plxel by pixel -
ARF reconstruction software
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