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Catalog of Point sources:
HMXBs & SSS (Sturm et
al. 201%); SNRs &
backgrouncl Galaxg
clusters (Haberl et al. 2012)




'fIdeal bn‘thplace for X-ray pulsars. ngh Star T

formlng galaxy Recent SF act1v1ty ~40 Myr ago

» Overabundant ih Be X—-rag binarg

- Pulsars(onlgl SGXB andone
- AXF5) (Sturm et a. 2013, Haberl &
‘Sturm 2015) '

o Many uni‘c ue BeXrbs. F’opulation
0 69r spin distribution 1-1000 s
(Blmodal) (Ha berl et al. 2008)

SMC HMXB pulsars
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- Spin period distribution of 63 .

'HMXB pulsars :(Haberl &
| Sturm 2015)




This is onlg half the storg of SMC Pulsars.
what about the younger Population) the
Rotation Powered Pulsars (RPPs)?

. Source of emission E,,, Pulsar’s

rotational energy.

. Rate at which Aissipated Er = dE e

http:/www.astroscu.unam.mx/neutrones/NS-Picture/
MagSphe/MagSphe.html
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% Parkes Multibeam radio survey in the Mage lanic clouds
(Crawford ZOO],' Manchester ZOOé); Upda':ecl High
resolution survey (Ric”eg et al. 201) found new RPPs

. TJotal RPPs 23 in LMC, 5 in SMC

Current Census: L MC 5 sgstems <

100 ms, JO537-6910 Crab like 16 ms
"5_  Pulsar with highést E i oML =0
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| orimer 2010):

E’:xpecte& birth rate 0.5-1 Pulsar/ century. > 150 Pulsars with age <20 Kyr expect
Consiclering beaming & other effects ~ 15 such systems

Observed: Milkg Wag =) young REEFaENC -5 - S5C 22

Missing younger counterparts? Search in X~rags?

Recent evidence in X~rags of the first PWN in the SMC IKT 16 (Maitra et al. 2015)




AX ]0043 737 The eluswe source in ASCA catalog

AX ]0043-737 (IAU Circ, 2000, 7361)

J. Yokogawa and K. Koyama, Kyoto University, write: &
“An ASCA observation of the Small Magellanic Cloud (SMC) on 1999 May I
10-11
detected coherent pulsations of period(87.58073 +/- 0. 0000
a significance rcent from AX JOO43-Z2 '
at R.A. = 0h42m3 s, Decl. =-73040'30" (equinox 2000.0; +/- 1" at

90-percent confidence). The spectrum was described by a power law
with photon index 1.7 (+0.9,-0.5). The x-ray flux in the band Fastest pulsar
0.7-10.0 keV was 2.0 x 10**-13 erg s™*-1 cm™**-2, corresponding to a in SMC ? A littlef
luminosity of 8.6 x 10**34 erg/s for a distance of 60 kpc. We

suggest that AX J0043-737 is a Crab-like pulsar in the SMC,
although the possibility of an x-ray binary with a short pulse

more than 3 ¢
detection !

period is not excluded. Within the ASCA error region, a ROSAT
source RX J0042.6-7340 is found (Kahabka et al. 1999, A.Ap. Suppl.
136, 81). Confirmation attempts at x-ray, radio, and other
wavelengths are encouraged."

._ % Reported bg Yogokawa 2005 n SMC Pomt source catalog as Fastest Pulsar’
% Not c:omqrmecl in the scconcl ASCA observatxon
-. Ay 5t||| quotecl li kew:se Recluxres urgent Fo”owup




AX J0043-737
PN in small window mode (SW); time resolution 5.7 ms, higher effective area
(0.2-12 keV)
l mProvecl Position of the source
Confirm or refute the Pulsation
Measure P if detected

Accurate Measurement o1C sPectrum



Count/sec
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1 " |
1.73118x10* 1.7312x10¢
Time (d)

it

Phase

? | Searchecl For Per:ochc sngnal » P=87.55025() ms ; Sig”iﬁca”CCN

by 72 n (Raglelgh) test and | *90 (Smgle trial P=8.06e-7)
W Uncertamtg to be estimated care?u”g to

aly epoch Folcllngtechnlque -
i = quantncg P




ODbs2:2000: 40 ks

Obs1:1999 : 20ks

AX J0043-737

AX J0043737. +

GIS in Pulse Height mode (Fast & Medium bit); time resolution 31.25 ms, (0.7-10

keV)
Contamination from a candidate HMXB in the Prescri]aecl ASCA extraction

circle

| ook for Pulsation signature around the same Periocl in the data



A look back at the old ASCA data 1999 & ZOOO
observa’uons

1st ASCA Observatlon - 2ndC_ Observation 8

% Peak Found at 87 580765 (2) ms for Obsl

(same as Yogokawa) but not at same

sngmﬁca ﬂCC




Entire band

Entir band

- Timing results at a glance..

005 1152
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New / 0.8=7 keV

Ap Periodicitiesin ASCA o

| observation

(2015)

XMM

Pulse
period (s)

0.08753023

Pulse
fraction (%)

56%

- ASCA2
(2000)

0.08755187

32% (upper
limit)

ASCA1
(1999)

0.08758073

- 60%

% ngnature _opsl:)in up Withti\mé (?)

& beil ot e sensitive tests

bservation needs




counts/s’keV

3

SPectral shape cohsiStent with an

absorbed Powerlaw of I=1.6+0.1.

| No e\/ldence of |oca| absorp’clon

Lx (O 7-10 keV) ~ 3 x 107* erg/s

Companson with other

- SMC pulsar S (Haberl & Pietsch

2003; Haberl et al. 2015)

W SPectral index softer then other
SMC Pulsars (0.65=sT =145 .. but
all are Be-binaries

#m Low lummosutg & low absorl:)tlon

conSIStent wnth most other sgstems




- Spectral variability in AX J0043-737 ?

AX J0043-737 :
Reference: 3XMM ]004207.7-734501 -

Observation Exposure (ks)

XMM12015 40

relative Norm

XMM?2 2006 15

 ASCA2 2000 20

ASCA1 1999 60

4 " 1
5.2x10% 5.4x10¢ 5.6x10*
Time in MJID

» Two Sourcés- fitted simultaneoUsly for all obs_c:rva’cions taking into account %
of cbntaniination o{: one source regjon into another
'-f% Pencormecl wnth N é» I tied For each source . Relatlve normalizations
between observatlons Frec | |
: % AX'7~ 40 For 5 do Fbetween leavmg the normallzatxons free and tgmg them
W Eyk:lence of Varlab Iltg over long tlmescales Flux clecreasecl 2




Sear:;{h for radlo & 0pt1ca1 Counterpart at 1

- Posmon

No radio source at XMM Posntlon Criteria for X-ray

: : Yo » pulsars in SMC (Coeetal.
Previous studles c:atalogecl the source 2005)

= asa backgrouncl AGN (Sturm et al.
201%) | |

Spectral type BOV-B2V

V=17.0
-0.2 < (B-V) < 0.2

3 OPtical counterpért searched with

refined XMM Position with 1¢ (90 % ! B V B-V Source

ce

COﬂﬁClCﬂCC Crror Cif’CIC ]COF tl"lC source

. 83" : Quasars catalo
. 0.83 23.28 5 talog

0. 84” 22 04 21 96 0. 08 magellanic cloud

photometrlc survey

'Three ol:)tlcal sources thhm AMM

CYT'OT' CII"CIC

L1 20 21 19. 49 0.7 ipﬁ“gifn”jgﬁ e

% No B star at the Posxtlon Posablg also coincident wntlﬂ backgrouncl AGN




 Summary

'-::'- etected n_t ”_é XMM data at the same Perx a»r[:)e
from ASCA; signiﬁca_nge 49 o (Need to conﬁ'rm the.ASCA =
periodicity). |

¥’ Comparable PUISC fté_;c’_tic)n be’tween' XMM and ASCA observation
# Absorbed POWérlaw with T ~ 1.6 consistent with a Pu|sar_

Not an isolated Pulsar |
* Eviclczn'ce of sPin up p~10"
4 Evidence for long‘ term flux clecreaSe with time
Not a Be X—-raybinarg Pulsarj |

| # NoB star at the source position

.




% Need to increase the signiﬁcaﬂcét in order to detect sensitivity

- of Pulse& signal ‘Weightecl Z%test’ (Kerr 2011)
% Quantncg P

. % Per?orm Fo”ow—-ul:) oPtlcal Photometrg and spectroscopy at

source Pos:txon

% Dedicated radio search at the source Position




- STAY TUNED

THANKYOU




