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XMM-Newton observation of CXOU J225355.1+624336 Source history

The BeXB pulsar CXOU J225355.1+624336

Discovered by ROSAT and included in both the RASS FSC (Moges et al. 2000; 1RXS
J225352.8+624354) and the WGA Catalogue (White, Giommi & Angelini 1994; 1IWGA
J2253.9+6243)

X-ray counterpart of the INTEGRAL source IGR J22534+6243 (Krivonos et al. 2012)

47-s pulsation discovered and reported independently by Halpern (2012) and (within the
CATS@BAR project) by Israel & Rodriguez (2012)

Position consistent with that of the infrared source 2ZMASS J22535512+6243368 (Halpern
2012; Landi et al. 2012)

Observed with Swift in 2006, Chandra in 2009, and NOT in 2012 (Esposito et al. 2013)
U
Classification of the optical counterpart as a BO-1111-\Ve star @ d ~ 4-5 kpc
P, rosar = 46. 406(5) S, P qirt = 46.6145(5) S, Py changra = 46.670(4) s = P~ 5.3 x 1005 57!
fy ~ (2-4)x10*? ergcm=? st = Ly ~ a few 1034 erg s!
U

candidate member of the class of persistent, X-Per-like BeXBs



XMM-Newton observation of CXOU J225355.1+624336 Source properties

The BeXB pulsar CXOU J225355.1+624336
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XMM-Newton observation of CXOU J225355.1+624336 XMM-Newton observation

XMM-Newton observation of CXOU J225355

Analysis of an archival observation of ~30 ks,
performed on February 28t 2014 (MJD 56716)
U
extension of the X-ray history
of the source to more than two decades

Results reported in La Palombara et al. 2021, A&A 649

Instrument  Filter Mode Time resolution Net exposure time Extraction radius  Net count rate

(ks) (arcsec) (counts s 1)
pn Thin 1 Full frame 73 ms 20.4 30 0.43+0.03
MOSI Thin 1 Full frame 2.7s 25.1 30 0.134 £0.002
MOS2 Thin 1 Full frame 2.7s 25.2 30 0.131 +0.002
RGS1 — Spectroscopy 4.8s 29.0 - —
RGS2 - Spectroscopy 9.6 29.0 — —

U

EPIC net exposure time of 20-25 ks after removal of time intervals affected by SP flares
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XMM-Newton observation of CXOU J225355.1+624336 Timing analysis

XMM-Newton observation of CXOU J225355: timing analysis

*  Pgin=46.753 £0.003 s
« Pulse profile with 3 peaks and energy dependence:
o first and last peak more evident at low energies
o middle peak more evident at high energies
» Flux variability almost constant with energy: PF = 40-45 %
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2 XMM-Newton observation of CXOU J225355.1+624336 Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

EPIC time-averaged continuum spectra described with 4 different emission models:

1) 2 single-component non-thermal models

 absorbed power-law (PL) with a partial covering fraction absorption (TBPCF)
 absorbed cut-off power-law (CPL)

2) 2 double-component models with a PL + thermal component

* PL + blackbody (BB)

« PL + collisionally ionized gas (APEC)

&
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XMM-Newton observation of CXOU J225355.1+624336 Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

EPIC time-averaged continuum spectra described with 4 different emission models:
1) 2 single-component non-thermal models
 absorbed power-law (PL) with a partial covering fraction absorption (TBPCF)
 absorbed cut-off power-law (CPL)
2) 2 double-component models with a PL + thermal component
* PL + blackbody (BB)
« PL + collisionally ionized gas (APEC)
U
1) all models provided an equally good fit

2) additional thermal component significant at 99 % c.l. in both the double-component
models, with a neglibigle probability that it is spurious

3) weak positive residuals at E = 1.68 and 6.16 keV (and 0.98 keV for the CPL):
» features significant at 99 % c.l. when described with a Gaussian model

* Monte-Carlo simulations (SIMFTEST) = high probability that these features are
spurious



XMM-Newton observation of CXOU J225355.1+624336 Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis
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> XMM-Newton observation of CXOU J225355.1+624336

Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

Model - TBPCFxPL CPL PL+BB PL+APEC
parameter Unit value value value value
TBABS Ny x 1022 cm™ 2,079 1602 4.1+04  40%3
TBPCF Ny x10% cm™ 6.7+%] - - -
TBPCF covering fraction - 0.631007 - - -
I - 1.66+0-14 0+0.3 1.50%9% 1,49 +0.08
~0.13 ~0.08
Eeu keV - 40711 - -
Fluxcpy p. (0.5-10keV) @ 1072 ergecm 257! 6.4+09 3.887010 55704 55+0.3
kTsp or ApEc eV - - 120£10  140%%
R’ a i ~ ey -
NapEc cm™ - - - 0.65.2
Fluxgg or apec (0.5-10keV) @ x107! ergem™2 57! - - 29439 22+
FIUXBB or ApEc/FIUXTOT (05—10 keV) — — — 84.0 % 97.6 %
Fluxgg or apec/Fluxtor (0.01-100keV) - - - 78.5 % 99.6 %
Unabsorbed flux (0.5-10keV) x10"" ergem™2s7! 0.640-% 0.39:001 3.4139 23729
Luminosity (0.5-10keV) x10°* erg s~ 1.8 1.10 + 0.04 10*% 6076
x2/d.of. — 0.95/920 0.96/921 0.95/920 0.96/920

@Corrected for absorption. » Assuming a source distance of d = 5 kpc.

N. La Palombara — IASF Milano

U

equally good fit with all models
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> XMM-Newton observation of CXOU J225355.1+624336

Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

Model - TBPCFxPL CPL PL+BB PL+APEC
parameter Unit value value value value
TBABS Ny 1072 cm > 2.0°03 602 41+04 4003
TBPCF Ny x10%* cm™ 6.7+%] - - -
TBPCF covering fraction - 0.631007 - - -

r - L6670 0403 150°0%  1.49+0.08
Eeu keV - 40711 - -
Fluxcpy p. (0.5-10keV) @ 1072 ergecm 257! 6.4+09 3.887010 55704 55+0.3
kTsp or ApEc eV - - 120£10  140%%
R’ a i ~ ey -
NapEc cm™ - - - 0.65.2
Fluxgg or apec (0.5-10keV) @ x107! ergem™2 57! - - 29439 22+
FIUXBB or ApEc/FIUXTOT (05—10 keV) — — — 84.0 % 97.6 %
Fluxgg or apec/Fluxtor (0.01-100keV) — — — 78.5 % 99.6 %
Unabsorbed flux (0.5-10keV) x10"" ergem™2s7! 0.640-% 0.39:001 3.4139 23729
Luminosity (0.5-10keV) x10* erg s~ 1.803 1.10 £ 0.04 107} 6075
/\_/E/d.o.f. — 0.95/920 0.96/921 0.95/920 0.96/920

@Corrected for absorption. » Assuming a source distance of d = 5 kpc.

N. La Palombara — IASF Milano

U

rather high absorption: N, ~ (2-4) x 10%? cm
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> XMM-Newton observation of CXOU J225355.1+624336

Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

Model — TBPCFEFxPL CPL PL+BB  PL+APEC
parameter Unit value value value value
TBABS Ny x10%? cm™2 2.0f3§ 1.6 +0.2 4.1+04 4.0f3j
TBPCF Ny x10%* cm™ 6.7+%] - - -
TBPCF covering fraction — 0.63:8% — — —
I - 1.66fﬂ'{‘f§ 0+0.3 I.SOfﬂ'ﬂg 1.49+£0.08
E.u keV — 4.0f{1):§ — —
Fluxcpr pr (0.5-10keV) @ x102 ergecm 25! 6.409 3.8810.16 5.5104 55+0.3
/ g 0.6 0.15 0.3
kTgB or APEC eV — - 120+ 10 14033
R km - - w0y -
Narec cm™ — — _ 0.6:1] :i
Fluxgsg or apec (0.5-10keV) @ x107" ergem™2 57! — — 29139 222
FIUXBB or ApEc/FlUXTOT (05—10 keV) — — — 84.0 % 97.6 %
FIUXBB or APEC/FIUXTOT (001—100 keV) - - - 78.5 % 99.6 %
Unabsorbed flux (0.5-10keV) x107! ergem™2 7! 0.64+0-% 0.39+0-9 3.4139 232
Luminosity (0.5-10keV) @ x10* erg s~ 1.8103 1.10 +0.04 10"% 60
x2/d.of. - 0.95/920 0.96/921 0.95/920 0.96/920

@Corrected for absorption. ¥’ Assuming a source distance of d = 5 kpe.

N. La Palombara — IASF Milano

U

rather hard spectrum: I"'~0-1.5
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> XMM-Newton observation of CXOU J225355.1+624336

Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

Model - TBPCFxPL CPL PL+BB PL+APEC
parameter Unit value value value value
TBABS Ny x10% cm™2 2.0%03 1.6£02 4.1+£04  40%3
TBPCF Ny x10%* cm™ 6.7+%] - - -
TBPCF covering fraction - 0.63:007 -~ -~ -
r - 1667914 0£03  1.50°0% 1494008
Ecut keV — 40:1”1{ — —
Fluxcpr pr. (0.5-10keV) @ X102 ergecm 257! 6.4109 3.8810.16 5.5104 55+0.3
/ g 0.6 0.15 03
kTgB or APEC eV - - 120+ 10 140%5,
R fn i - oy -
Narec cm™ — — _ 0.6:1] :i
Fluxgsg or apec (0.5-10keV) @ x107" ergem™2 57! — — 29139 222
FIUXBB or ApEc/FlUXTOT (05—10 keV) — — — 84.0 % 97.6 %
FIUXBB or APEC/FIUXTOT (001—100 keV) - - - 78.5 % 99.6 %
Unabsorbed flux (0.5-10keV) x107! ergem™2 7! 0.64+0-% 0.39+0-9 3.4139 232
Luminosity (0.5-10keV) @ x10* erg s~ 1.8103 1.10 +0.04 10"% 60
X%/d.o.f. - 0.95/920 0.96/921 0.95/920 0.96/920

@Corrected for absorption. ¥’ Assuming a source distance of d = 5 kpe.

N. La Palombara — IASF Milano

U
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Flux of the non-thermal component ~ (4-6) x 1012 erg cm2 st
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, > XMM-Newton observation of CXOU J225355.1+624336 Spectral analysis

XMM-Newton observation of CXOU J225355: EPIC spectral analysis

Model — TBPCFxPL CPL PL+BB PL+APEC
parameter Unit value value value value
TBABS Ny %102 cm2 2.0103 16+02 41+04 4.0
TBPCF Ny x10%% cm™ 6.7+ - - -
TBPCEF covering fraction —~ 0.63*0-01 -~ -~ -

r - L660M  0£03  15010% 1492008
Eeu keV - 4,071 - -
Fluxcpp p (0.5-10keV) @ x107"2 ergecm 257! 6.4+02 3.88%-1 5.5:04 55+0.3
KTss o Apec eV - _ 120410 14072
/0 km i S ooy -
NapEC cm” — — — 0.6°13
Fluxgg or apec (0.5-10keV) @ x107! ergem™2 57! - - 29139 22721
FIUXBB or ApEc/FlUXToT (05—10 keV) — — — 84.0 % 97.6 %
Fluxgg or appc/Fluxtor (0.01-100ke V) — — — 78.5 % 99.6 %
Unabsorbed flux (0.5-10keV) x10" ergem 257! 0.640-% 0.39:001 3.4139 23129
Luminosity (0.5-10keV) x10* erg s~ 1.8 1.10 £ 0.04 107} 6075
X%/d.o.f. — 0.95/920 0.96/921 0.95/920 0.96/920

@Corrected for absorption. » Assuming a source distance of d = 5 kpc.

U

Flux of the thermal component ~ 10-100 times higher: overestimated due to the
combination of high absorption and low temperature?
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XMM-Newton observation of CXOU J225355.1+624336 Phase-resolved analysis

Phase-resolved spectral analysis - 1
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two spectra:
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» f, reduction of ~ 20 % 0 U I L3 2
for PL and ~ 60-70 %
for BB/APEC, but with —
large uncertainties

Phase

* no clear evidence of a spectral variation
» possible variation in the relative contribution of
the two components for the PL+BB/APEC models
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XMM-Newton observation of CXOU J225355.1+624336 Phase-resolved analysis

Phase-resolved spectral analysis - 2

Simultaneous fit of phase-resolved spectra:

1) Single non-thermal component models:
« only normalization variation (common N, and I') rejected by the data
—> also a variation of N, T" or E_, IS necessary
« constant CPL component rejected by the data
« constant PL component possible only with a large variation of TBPCF parameters

2) Two-component models:
Data consistent with a variation of only the relative contribution of the two
components, but:
 inall cases, data inconsistent with a constant PL component
 constant thermal component:
o rejected if only PL normalization varies
o possible if either N, or I vary

U

data consistent with a constant thermal component
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XMM-Newton observation of CXOU J225355.1+624336 Phase-resolved analysis

Phase-resolved spectral analysis - 3

. apicci 027 R w Ll
Spectrum A: emission ool 4 H . i REAREA L ]
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 Weak statistical improvement in the spectral fit (Ay,2 = 0.05)
« SIMFTEST = < 1 % probability of being a spurious component
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XMM-Newton observation of CXOU J225355.1+624336

Flux long-term evolution

Flux evolution

| | | |
 Flux rather stable & 4 | = ROSAT
(variations of + 'g & ol
30 % at most) &0 R
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L,<10™6ergst = * XMM
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U %“ 2
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O | ] ! ] ]
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XMM-Newton observation of CXOU J225355.1+624336 Period evolution

Spin period long-term evolution

| ! ! I ! I

_ * ]
Poinzons = 46.753(3) s 467 [ 1 S | ]

[ % XMM | 1
Poin INCrease much @ 466 |- * ]
larger than the g [ ]
systematic error of & i ]
0.02 s, assumed 46.5 - ]
based on the
uncertainties due !
to the NS orbit 4 T + | | . | |

5x104 | 5.2x10* | 5.4x104 | 5.6x10*
Date (MJD)

Pqpin2014 fUlly consistent with a constant pulsar spin down
at an average P = 5.3 x 1020 s s, in agreement with Esposito et al. (2013)
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XMM-Newton observation of CXOU J225355.1+624336 Discussion

Timing and spectral properties - 1

Comparison with previous Chandra and Swift results:
 Confirmation of the three-peak pulse profile
 Discovery of the spectral variability along the spin phase
* Very similar absorption (N,, = 2 x 102> cm2) for the two models with only a
non-thermal component (CPL and partially-covered PL)

Estimated Galactic value in the source direction: Ny gy = 9 X 102t cm2
U

> 50 % of the total absorption is due to a local component

U

Inhomogeneous absorber medium in the case of the partially-covered PL model,
which can be reasonably ascribed to the Be, clumpy, polar wind crossing the line
of sight to the X-ray source
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XMM-Newton observation of CXOU J225355.1+624336 Discussion

Timing and spectral properties - 2

1) Possible additional thermal component:

« Common spectral feature in several BeXBs (either persistent with low
luminosity or transient with high luminosity)

* Low estimated temperature (kT = 120-140 eV) compared with BeXBs of
similar luminosity

 Estimated unabsorbed flux of this component largely dominates the total
source flux

* Size of the thermal emission region significantly larger than the NS size

U

we disfavour the presence of such a thermal component

2) Spectral variability with the pulse phase proved with the phase-resolved
spectral analysis
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XMM-Newton observation of CXOU J225355.1+624336 Conclusions

Conclusions

XMM-Newton results confirm that CXQOU J225355.1+624336 is characterised by:
 Low luminosity: Ly = 103*3>erg s-!

 Limited variability: fy variations within = 30 %

* Pg,, consistent with a constant pulsar spin down

U

wind-accretion scenario of the pulsating NS from the companion Be star

Source classification:

« Additional evidence of the similarity between CXOU J225355.1+624336 and
X Per-like sources

* Pgin = 46.753 s = source with the shortest pulse period in the class of
persistent BeXBs
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XMM-Newton observation of CXOU J225355.1+624336 Future perspectives

Future perspectives

Spectral investigation of the poorly studied HMXB 4U 0728-25:

3 N
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Optical counterpart: O8-9 Ve type star (Negueruela et al. 1996)

Estimated distance: d = 7.6+£0.9 kpc (based on Gaia EDR3 data)

Pepin = 103.210.1s, P, = 34.5 days (Corbet & Peele 1997)

Almost steady emission with no brightening, based on source monitoring
performed with Swift BAT between 2005 and 2016 (Corbet et al. 2016)
Included in the catalogues of persistent X-ray sources detected with BeppoSAX
WEFC (Capitanio et al. 2011) and INTEGRAL IBIS (Bird et al. 2016)
fy~afew 10t ergcm?st = L, ~afew 10%erg s

U

strong candidate as X-Persei—like persistent BeXB



XMM-Newton observation of CXOU J225355.1+624336 Future perspectives

Future perspectives
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XMM-Newton observation of CXOU J225355.1+624336 Future perspectives

Future perspectives

Spectral investigation of the poorly studied HMXB 4U 0728-25:
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Optical counterpart: O8-9 Ve type star (Negueruela et al. 1996)

Estimated distance: d = 7.6+£0.9 kpc (based on Gaia EDR3 data)

Pepin = 103.210.1s, P, = 34.5 days (Corbet & Peele 1997)

Almost steady emission with no brightening, based on source monitoring
performed with Swift BAT between 2005 and 2016 (Corbet et al. 2016)
Included in the catalogues of persistent X-ray sources detected with BeppoSAX
WEFC (Capitanio et al. 2011) and INTEGRAL IBIS (Bird et al. 2016)
fy~afew 10t ergcm?st = L, ~afew 10%erg s

U

strong candidate as X-Persei—like persistent BeXB

Observation proposal accepted in Priority C for the XMM-Newton AO21
U

STAY TUNED!



XMM-Newton observation of CXOU J225355.1+624336

Backup slides

Single-component model

Double-component model

Parameter Spectrum A Spectrum B Parameter Spectrum A Spectrum B
TBPCFxPL PL+BB
TBABS Ny (%107 em™?) 1.9°0% .84 TBABS Ny (x10% em™) 4.610% 3505
TBPCF Ny (107 cm™2) 6+2 62 r 1.4 +0.1 1.5+0.1
TBPCF covering [raction ﬂ'.?fg:f 0.6 £0.1 Fluxp, (0.5-10keV) '@ 6205 4.8ﬂ;
r 1.5+0.2 1647 kTgg (V) 120 + 20 12030
Fluxp; (0.5-10keV) @ 67411 5.4+10 Rgp (km) ' 11055 80"¢)
Luminosity (0.5-10keV) ) 1.9%03 154 Fluxgg (0.5-10keV)'? 4045 2045,
yiidol. 1.12/176 1.01/225 Fluxgg/Fluxror (0.5-10keV) 85.8% 77.0%
CPL Fluxgg/Fluxor (0.01-100 keV) 76.9% 70.7 %
TBABS Ny (%107 cm™) 1.8%07 1.5%)3 Unabsorbed flux (ﬂ_i—lﬂkfﬂV} i) 505 200
r —0.2+05 {}_gﬂ;:i Luminosity (0.5-10keV) ™ Iil’j5 6’:;
E.n (keV) 44 44 yiidol. 1.11/176 1.01/225
Fluxqp (0.5-10keV) @ 4.3+ 35402 PL+APEC
Luminosity (0.5-10keV) ) 1.23 +£0.08 0.99+) 0 TBABS Ny (x10% cm™) 4407 3.441
yiidol. 1.15/177 1.02/226 r 14700 1.5+£0.1
Fluxp, (0.5-10keV)'? 6.0400 48+03
Notes. “'Corrected for absorption, x 107 ergem = 71 ¥'x 10 erg 571, kT ppc (V) 140+ 140450
assuming a source distance of = 5 kpe. ¥/ Assuming a source distance Napee (cm™) I.f}fg:; G.Eﬂfﬂ:%i
ofd = Skpe. Fluxapee (0.5-10keV) '™ 300050 120%5:°
FIU}(APE(_';"F[U}(']'(]]' (H_S—Iﬂke'\f} 98.2% 9599
Flux s ppe/Fluxpgr (0.01-100 keV) 99 6% 99.3%
Unabsorbed flux {(0.5-10keV) @ 30(]":;%;“ IZﬂ":é‘L]“
Luminosity (0.5-10keV) ¥ 10057 3075
¥idof. 1.11/176 1.02/225

Notes. “/Corrected for absorption, x 10" ergem 2 71 ¥x10M erg 57!,
assuming a source distance of d = Skpe. "' Assuming a source distance

ofd = 5kpe.
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