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Is A 4U o114+6§ AN WIND-ACCRETING MAGNETAR?

A GLIMPSE OF NUSTAR axp NICER
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AssTRACT. 4U o114+65 15 AN X -RAY PULSAR WITH ONE OF THE SLOWEST PULSATIONS KNOWN TO DATE. T HE MOST
ACCEPTED HYPOTHESIS IS THAT THIS IS AN ACCRETING MAGNETAR. WE PRESENT AN ANALYSIS OF A SIMULTANEOUS
oBSERVATION OF NUSTAR axp NICER TELEscoPES. WE SEARCHED FOR THE PRESENCE OF CYCLOTRON=-RESONANT
SCATTERING FEATURES IN THE SPECTRA. INO CYCLOTRON RESONANT DISPERSION FEATURES ARE FOUND IN ANY
INTERVAL. IN ORDER TO OBTAIN PHYSICAL PARAMETERS OF THE SYSTEM, THE BECKER- WOLFF SELF-CONSISTENT
CYCLOTRON LINE MODEL WAS FITTED, OBTAINING IN BOTH INTERVALS A MAGNETIC FIELD OF THE ORDER OF 10” G.



CONTEXT

4U o114+65 (ALSO KNOWS AS 25 0114+65) IS A PECULIAR HIGH-MASS X -RAY BINARY (HMXB) CONTAINING A
NEUTRON STAR (INS), ORBITING THE B1la SUPERGIANT STAR COMPANION (V¥ V662 Cas). THE SYSTEM LOCATED
AT A DISTANCE OF 7 KPC EMITS PERSISTENT X -RAYS. THE SOURCE SHOWS AN ORBITAL PERIOD OF IL.6 DAYS,
ALTHOUGH THIS IS NOT AN ECLIPSING BINARY . THE PULSAR’S PERIOD IS 2.6 HR, MAKING IT ONE OF THE SLOWEST
SPINNING X -RAY NEUTRON STARS.

ArtHOUGH BOoNNING & FALANGA (200§) IDENTIFIED CYCLOTRON LINE ABSORPTION AT~ 22 KEV AND 44 KEV,
IMPLYING A MAGNETIC FIELD OF 2.§%10" G FOR THE ACCRETING NS, IN THE LAST YEARS IT WAS OBSERVED AGAIN
AND THE DETECTION OF CYCLOTRON FEATURES COULD NOT BE CONFIRMED (DEN HARTOG ET AL. 2006; MASETTI

ET AL. 2006; FARRELL ET AL. 2006; PRADHAN ET AL. 2015)

‘THE EXPLANATION OF THE LONG PERIOD IN PULSARS IS STILL A MATTER OF DEBATE (SEE E.G., L1 & VAN DEN
HEeUVEL 1999; IxHSANOV 20077; SHAKURA ET AL. 2012; WANG & TONG 2020). WHETHER OR NOT 4U or114+65 15
A MAGNETAR CAN HELP SHED LIGHT ON ON THIS QUESTION. FOR NS THAT 0BTAINED B > 10™ G, IT HAS BEEN
CALLED ACCRETING MAGNETARS.



NICER axp NuSTAR DATA

Tue Neutrox sTar INTERIOR CoMPOsITION ExPLORER (NICER) 15 AN X-RAY TELESCOPE EQUIPPED
THE X-Ray TimiNG INsTRUMENT (X'TT) DETECTOR STATIONED ON THE INTERNATIONAL SPACE
StatioN AND OPERATED BY NASA. XTT DETECTS SOFT X-RAYS IN THE 0.2-12 KEV ENERGY RANGE
WITH HIGH TEMPORAL RESOLUTION. WE aANALYZED NICER’s OrsIDs 2200930101-03 RANGING FROM

OCTOBER 27, 2019 TO OCTOBER 29, 2019. WE HAVE PERFORMED THE STANDARD DATA PROCESSING USING
HEASoFT v.6.30 AND NICER pata anarysis sorrware (NICERDAS).

Tue NucLear SPECTROSCOPIC TELESCOPE ARRAY (NUSTAR) 15 AN X-RAY TELESCOPE EQUIPPED WITH
TWO DETECTORS, FPMA axp FPMB, OPERATING IN THE 3 TO 79 KEV ENERGY RANGE. IT WAS OBSERVED
1N OCTOBER 19, 2019 (OBSID 30§01016002), WITH A COVERAGE TIME OF 143 KS AND LIVETIME OF 7§ KS.
Data was REDUCED USING NUSTARDAS-v. 2.0.0 aNaLYs1S. SOFTWARE FROM HEASOFT v.6.30 AND

CALDB (V.20211221) CALIBRATION FILES.



WE SHOW IN FIGURE I A LIGHT CURVE OF
THE SOURCE WITH A TEMPORAL BINNING
OF 100 S IN THE I-79 KEV ENERGY
RANGE. NON STATISTICAL CHANGES IN
THE COUNT RATE ARE OBSERVED,
ESPECIALLY AT THE BEGINNING AND END
OF THE OBSERVATION. WE IDENTIFIED
TWO INTERVALS, ONE ASSOCIATED WITH
AN INTERMEDIATE FLARE AND THE OTHER
WITH A HIGH FLARE.
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Parameters Long flare Mini flare BW model Long flare
10° | —
é 154412 17.5+0.4 s T Miniflare
) 0.26+0.03  0.27+0.05 T Y T ™y
Electron temp. T, (keV) 3.7+0.2 2.9+0.3 E 10 2 f‘-'"?*"‘w,@f.; o
Column radius ry (m) 13.2+1.1 33.6+5.3 e NICER 0 Yy
Magnetic field B (10'2 G) 27701 2361038 © 1072 ,A,‘;@W%{%&
Mass accretion rate? (10'® g/s) 3.5+0.3 7.6+0.8 = i,
Source flux (140 keV)” 4.60+0.08 0.49 +0.03 = o ht o
o 107 TH 4
x*/dof 660/626 355.36/349 TG
1074 NuSTAR

Table 1: Parameters associated with the B-W model. “ Mass ac-

cretion rate is calculated by considering a distance of 7 kpc (reig 25
. . ~ G 2% TR

et al). ” Unabsorbed flux in unit of 107" erg cm™ s
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WE F1TTED THE BECKER-WOLFF e
SELF-CONSISTENT CYCLOTRON LINE MODEL 0.0 — it s 'r il W%W%Wﬁ it 1T 30 S
(BW) TO OBTAIN PHYSICAL PARAMETERS OF 2.5 %* (LA
THE SOURCE INCLUDING THE MAGNETIC 1 10
FIELD. THE FIT IS SHOWN IN FIGURE 2 AND
THE ASSOCIATED PARAMETERS IN TABLE I
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https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node147.html
https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node147.html

CoNCLUSIONS

TR

Tue NICER axp NUSTAR OBSERVATIONS ALLOWED US
TO STUDY IN DETAIL THE SPECTRAL CHARACTERISTICS OF
THE SOURCE. WE SEARCHED FOR THE CYCLOTRON
ABSORPTION LINES MENTIONED BY BoNNING & FarLanca
(200§) BUT THERE WAS NO TRACE OF IT. AT THE SAME
TIME, THE BW MODEL WAS FITTED TO EXTRACT RELEVANT
PHYSICAL PARAMETERS, ESPECIALLY THE MAGNETIC FIELD,

: WHICH WAS FOUND TO BE OF THE ORDER OF 10" G. THIS

| DOES NOT ALLOW US TO SAY THAT 4U o114 +6§ 1S POSSIBLY

NOT A MAGNETAR.
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