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1. Be X-ray Binaries: mass transfer and outburst

Let’s understand thé"sy,‘stem!"- L

« Be star | possesses an  High-energy radiation as-a result of
extended equatorial disk due to its fast ~_aceretion of matter from Be star onto
rotation __~ neutron star )bj¢g

* Neutron star:
Magnetic Field = 1012 G
Spin period = 1-1000s -

\\
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Walt Feimer, NASA
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Mass tr.anSferand outburst

= Neutron star passes
cIose to the dlsk

'-Formatlon of accretlon dISk due to
angular momentum of accreted
‘materlal ‘

Kinetic ener_'gy,otc infalling flow is
converted into powerful X-ray radiation

ESA/XMM-Newton

Friedrich-AIexandet—Universitét Erlangen-Nirnberg ¢ : ', < : : g : : ST Crles 4



Accretion Channel .

Matter follows the magnetlc .
field lines onto the magnetlc -
poles

— Different mechanlsms of

deceleration, dependlng on the

mass accretion rate :

High mass- accretlon rates
(outburst) — Radiative shock

occurs and forms the accretion

column
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Cyclotron lines

11.6[keV] X B,

. Stro_ng_magnetic.fi"eld affectsthe"-’ o ECyc N ——
- electron motion— | (+Z)

“Quianlzauos e e e - Z:gravitational Redshift
| perpendlcularto the magnetlc fleld . -

, | B,,: in unit of 102 Gauss
. Formatlon of the cyclotron Imes In the )
spectra —

absorption line of the complex shapes .
(majority of them observed X-ray pulsar)

. Energies are prop’OrtionaI to the'
magnetic field — '
strength measurement

(Schwarm 2017)
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2. Transition into quiescence

~+ Direct accretion from the equatorial disk is not possible!

~+ Accretion onto neutron stars still occurs in quiescen
very low mass-accretiomiiates

Friedrich-AIexanQer'—Universitét ErIangen-Nﬁrnbérg'

Walt Feimer, NASA

7



3. Spectral -Beha\/ior

- Spectra (continuum and cyclotron line) A0535+26

forms mainly by Compton scatterlng on
'falllng or thermal electrons
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2011, Ls—s0kev = 1.7 x 107 erg 57!
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| During transition to quie‘s'cence' -
dramatic spectral change in the
broad-band X-ray continuum —

2015, L5 50y = 1.1 X 107 erg s
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2018, L5501y = 1.5 x 10** ergs! H
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. At very low mass-accretion rates —
matter decelerates in the neutron star
atmosphere — ,

E X energ

4 7

(Courtesy of N. Zalot)
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Cepheus X-4

Cepheus X-4 Daily Light Curve

Pulsation Period P_ f- 66 s
Distance = 7.2 kpc -

Outburst Luminosity = 103°
- 10%7 ergl/s
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4. Quiescence analysis

*The source is‘- 'WeII.stu.died-'duri'ng outbursts but

o Unclear whether source is detectable N (deep) >€ =

_, We aimed at the latest parts of the | St (thanks to the

NuSTAR team)

— Observatlons at very Iow Iumlnosrtles after the 2023 outburst (PI
Ralf BaIIhausen) ' » e
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Counis x 5~ 1 keV
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- 1stobservation of 2023 = e observation of 2023
L35 sokev ~1 x 10°° erg/s S L3s sokey =3 x 10°* erg/s
Eoyo= 2844 d. . = 10.71 |

v e
Ocye =195 . X7.4 =1.06 s o

DETCONST x PHABS X GABS X (POWERLAW x FDCUT + GAUSSIAN 455) + SCALE FACTOR X
DETCONST x (CUTOFFPL + GAUSSIAN, + GAUSSIAN; + GAUSSIAN¢; + CONSTANTyt)
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9 Summary

ThankyouI

The study aims to assess the propertles of the source at low Ium|n03|ty Ievels
. Background dominates at'high energies

- -Spectral model suggests a possrble cyclotron I|ne at low luminosity, but
background effects remaln

e It compl—iCated .the",fstUdyvo’f'c'yclotron line and its variation with luminosity.

2014-06-18
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Second Observation of ’2023 with different source 'fegions

Counts x s keV~

Source=70 Source=120
Background=Annulus Background=Annulus

10 20
Enerey [keV

Energy [keV Energy [keV

« Shown above are data extractions with Vdifferently'siied ‘sourcé '»regivons’"’ i

- High-energy sp'ectrum above 20 keV is 'highI‘y affected by the backgkbund |
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2014 vs 2023 Observations: Outburst vs Quiescence

FPMA
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10 20 30 50 : { 20 30 50 T 10 20
Energy [keV] B e B | Enerzy [keV
L35 sokev ® 6% 103Cerg/s . L35 sopey 1 x 1036 erg/s Lys_sokey ~1 X 1035 erg/s
. , , ‘ (Furst+ 2017) . e .
First observation of 2014 o Second observatlon of 2014 ' -Fi'rst observation of 2023
= 128Ky 2 0 E e~ 133KkeV = Egaies = 18 keV
E. = 31 keV ' E .=29keV . - e E .=27keV

<12 y =11 L =172
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2023 observations: Transition into quiescence
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B Enerey [keV :

L35 sokey =1 x 103> erg/s . | 53.5—50 kev &3 X 10 terg/s
tbabs*(powerlaw*fdcut +egauss)*gabs e tbabs?‘(powerlaw*fdcut+egaljss)_'_
B> 18KEN B = 27 keV ‘ = Eqauss = 15keV. . Eg not detected
Eo41kev =172 v  Eqos93kev. =200
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Spectral Model
Lo ' e e Freeze the paramaters
Loadthedataget == = 200 e 0 0 o :\L o
S l« = e g e Exclude the bai"ckgroUnd dataset
Unassign the background . o | '
Heo s aille s oo s l 2
l o e Include the source dataset
Exclude the source dataset o e ,
2 l e - Fit the spectral model

Load the backgroundfileas - - 0 = 0 G R L
 anew dataset = ~_detconst*phabs*gabs*(powerlaw*fdcut+gaussian).
Fit the backgrlLund model | detcvonst*Cu'toﬁpI*(gauSSianCd + gaUss-ian,' + géussianCS )
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5. Summary

* The study aim‘s_l't‘ol assess theprop‘erties of the source at low luminosity levels.
-+ Background dom'inates. at-high energies

. Spectral model suggests a possible cyclotron Ilne at Iow Ium|n05|ty but
7 background effects remaln

o It .Co.mplicated théstudy_ of c,yclotronyline' and its variation with luminosity.
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Thank you!
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