Chandra XVP Observation of Low-mass X~-ray Binaries in NGC 3115
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Abstract: We Present our stuclg of low-mass X~rag binaries (LMXBs) in NGC 3115 usmg the Ms Chandra X~rag \/xsxonarg PFOJCCJE (XVP) observation. ]59

systematlcallg comParmg their spectral clePenclence on |um|nosxt9 with those of Galactic X—-ray bmarles we show that most brlght sources in NGC 3115 are neutron
star (NS) LMXDBs in the soft state, excePt ten candidate black hole (BH) LMXDBs showmg very soft sPectra. We construct the X-rag Iummosfcg function (XLF)
down to the limit of ~10%¢ erg/s) and show signiﬁcant ﬂatteﬂing of the overall XLF from AN/dL « 122 above 6x1077 erg/s to AN/dL « L1 below it. The XLF of
globular cluster (GC) LMXDBs is flatter than that of field . MXDs, inclicating their different origins.

A

Introduction

Chandra carried out 1 Ms XVP observation of the
nearbg lenticular galaxg NGC 3115 in 2012. With a
Iimiting Ly ~10% erg/s, it is one of the best
observed ear|9~tgl:>e galaxies ]39 Chandra and is
ideal for achlressing two long—-stanc]ing Problems in
unclerstancling | MXBs 1n nearbg galaxies: the
source identification and X~-ray |uminosit3 function

in the low luminositg limit.

Figure 1. Chandra X~-ray image of NGC 3115. The
~iImage is false-colored (0.5-1.2 keV in red, 1.2-2.0
keV in green, and 2.0-7.0 keV in blue), adap’ti\/elg

smoothed, and exPosure—-correctecl. The D5

eeliPse of the galaxg is also shown.

Source ldentification
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Figure 1. To[:) Panels: simple PL fits to GC LMXBs (left Panelj red diamonds and blue
squares for HST/ACS red/metal-rich and blue/ meta|~Poor GCs, respectivelg, green circles
other GC candidates), to field LMXBs (middle Panel), and to three representative Galactic
| MXDBs (right Panel, red diamonds for the atoll source 40 1705-44 (Lin et al. 2010), green
crosses for the Z source GX 1742 (Lin et al. 2012), and blue squares for the BH LMXB
candidate XTE J1817-3%0 (ngog et al. 2007), assumed to be in NGC 3115). The lig}ﬂ: gray
region marks the NS LMXB soft-state track. In the left and middle Panels, filled sgmbols
mark candidate BH LMXBs, and triang]es mark transients. Bottom Panels: similar to top
Panels but for MCD fits.
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Our source identification method: compare the collective sPeetral Properties of our

sources with the sPeetral evolution exPeetecl for reloresentati\/e Galactic LMXBs in the
Chandra banclpass (0.%-8 ke\/), based on simple power law (PL) fits and multicolor
disk (MCD) fits. Our main ﬁnclings include (Lin et al. 2014a):
— dominance of sources in the NS LMXB soft-state track in the L~ and LX~|<TMCD
Plots (gray regjon in Figure 1):
)‘( Ly <7x10%7 erg/s: harder spectra at higher |uminositg, dominated bﬂ atolls (the
low-Ly class of NS LMXBs) in the soft state, in which the thermal disk and NS emission
follow L o« T+ evolution (Lin et al. 2007, 2009, 2010),

L =7x1077 erg/s: relativelg constant sPeetral sha]:)e (T ~1.5 or kTycp~1.5 keV),
dominated bg /. sources (the high—-l_x class of NS L MXDBs), in which the inner disk and
NS emission reach local Eclclington limit, resulting in relative19 constant temperature
(Lin et al. 2009, 2012);
™ ten BH LMXDBs with signiﬁcant|9 softer SPectra than NS LMXBs.
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2. lncompleteness corrected and cosmic X—-rag backgrouncl (CXDB) contribution

subtracted XLFs for all LMxXBs (left Panels) field LMxBs (middle Panels} and GC LMXBs
(rlght Panels} We Plo’t both the cumulative (uPPer Panels the red solid line with the shaded

area rePresentmg 10 Poissonian uncertamty) and Cll

lerential forms (lower Panels} The green

lines are our best broken PL fits. The dashed blue lines in the left Panels are the fit to the
average XLI of 20 earlg~t9pe galaxies bg Z_hang et al. (2012), with the normalization
decreased bg 24%. The black dotted line is the exPectecJ CXB distribution.

Our main ﬁndings conceming XLFs in NGC 3115 include (Linet al. 2014b):
Dsignhqcant ﬂattening of the overall LMXB XLF from dN/dL « |_-22#04 3bove 5.5%10Y
erg/s to dAN/dL o |00 below it agreeing with, e.g., Zhang et al. 2012 for other

galaxies;

= the XLF of

cloes not su

—

D

i

 MXBs in GCs is overall flatter than the XLF of L MXBs in the field, which

Sort the idea that all LMXBs in this galaxg are formed in GCs, agreeing

with, e.g., Zhang et al. 2011 for other galaxies.
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