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ABSTRACT

We study X-ray to K-band luminosity ratios{/Lk) of late-type galaxies in the.®—- 0.7
keV energy range. From the public Chandra archive, we salegine spiral and three ir-
regular galaxies with point source detection sensitiviggtdr than 5 10°° erg s, the lat-
ter required to minimize the contribution of unresolved a¢inaries. In late-type galax-
ies, cold gas and dust may cause significant interstellaorptisn, therefore, we also de-
manded the existence of publicly available HI maps. TheinbthL_x /Lk ratios vary between
(5.4-68)- 10P’erg s L.}, exceeding by factor of 2 20 the values obtained for gas-poor
early-type galaxies. Based on these results we constrairote of supersoft X-ray sources
as progenitors of type la supernovae (SNe la). For majofigyataxies the upper limits range
from ~ 3% to~ 15% of the SN la frequency inferred from K-band luminosityt for a few
of them no meaningful constraints can be placed. On a moedlegtevel, we study individ-
ual structural components of spiral galaxies: bulge ankl, @isd, for the grand design spiral
galaxies, arm and interarm regions.

Key words: Galaxies: irregular — Galaxies: spiral — Galaxies: staltamtent — Supernovae:
general — X-rays: galaxies — X-rays: stars

1 INTRODUCTION (2010) to spiral and irregular galaxies. However, it is impot
to realize that in the case of late-type galaxies conssantthe
OX-ray output of accreting white dwarfs do not necessary lead
equally constraining upper limits on the contribution of gingle-
degenerate scenario. In young stellar environment sechiat-
nels exist in which X-ray emission from growing white dwarf
may be significantly suppressed. These include -ighconfigu-
rations with optically-thick wind having large photospigeradius
(Hachisu et gl. 1996, 1999) and white dwarfs accreting ldema-
terial, characterized by about an order of magnitude smalielear

SNe la are “standardizable candles” and hence can be used t
determine the cosmological distance scale. Thus, theyglayna-
jor role in establishing that the Universe is expanding ahecel-
erating rate, which fact directly pointed at the existenicéne dark
energy |(Riess et &l. 1998; Perlmutter et al. 1999). Despéevast
importance of SNe la, their progenitor systems are stilbtieth.
Recently we proposed an argument significantly constrain-
ing progenitor scenarios of SNe la in early-type galaxies
(Gilfanov & Bogdan 2.010)' We pointed out that th_e comt_nned en energy release (lben & Tutukov 1994). (Note that these alann
ergy output of accreting and steady nucl_ear b”'f“'“g Whlte_rﬂw are not expected to play significant role in much older adgit
e o o o s o Gl considred by ilano & Bogidn (2010)) e
. . measurements dfyx/Lk ratios are of much interest for late-type
ate scenario to the qbserved SN la frequency could be cgmﬂira galaxies as well as they do constrain the populations ofrsofie
We concluded that in early—type galaxies no more thab% .Of sources and their possible role as as progenitors of SNehia. T
SNe la are produced by white dwarfs accreting from a donoirsta question is in the focus of the present paper.
a binary system and detonating at the Chandrasekhar massg Al There are several other importanttdrences between late-
similar (but not identical) line of arguments Di Stefanol@pcom- and early-type galaxies relevant to this study. Firstlyisitthe
pared numbers of supersoft sources detected in severalynear amount of cold interstellar gas and dust absorBing theXsoéty
liptical _and spiral galaxi_es with predictions of the singlggenerate radiation from nuclear burning white dwérfs. Whereas itéglit
scenlztirilé) {Z r;:;grl:g(:oa:;,Sp?;etﬂzn;ﬁ?«noer:ng g:;;%gl\t/u;%oq 4an gible in elliptical galaxies, the enhanced and spatiallyalde ab-
= sorption in younger galaxies strongly influences the olzdsevX-
ray emission from supersoft sources. This needs to be taiten i
account in comparing observations with predictions of Siriz

* E-mail:  bogdan@mpa-garching.mpg.de  (AB); gilfanov@mpa- genitor models. Secondly, it is the presence and magnitiidéaer
garching.mpg.de (MG) X-ray emitting components in late-type galaxies, of whiabstrim-
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Table 1. The list of late-type galaxies studied in this paper.

Name Distance Lk Ny Morphological SFR Tobs i Liim R
(Mpc) (Lko) (cm?) type Moyr™)  (ks) (ks) (ergsh) (")
1) 2 (3) 4) (5) (6) (7 (8) 9)
M51 8.07 6.4-10°° 16.10%° SAbc 3.9 909 808 3-10% 175
M74 7.3 16-101° 48.109 SA(s)c 1.1 104 847  2-10°% 140
m81 36° 54-10°° 41.10%° SA(s)ab 0.4 2394 2021 3-10%® 250
M83 452 39-101° 39.10% SAB(s)c 2.8 616 521  1-10°% 200
M94 472 33-1010 14.10% (R)SA(n)ab 1.2 ® 695 1-10% 164
M95 1012 33.1010 29.10% SB(nb 1.1 120 996 3-10% 88
M101 7.42 34-1010 12.10%0 SAB(rs)cd 1.3 1076 8333 2-10%® 167
NGC2403 Kl 50-10° 42.102° SAB(s)cd 0.4 220 1842 2-10%° 140
NGC3077 33 26-10° 4.0-102° 10 pec 0.3 541 421 1.10% 775
NGC3184 1n¢ 27-100° 11.10% SAB(rs)cd 1.1 667 452  5.10% 140
NGC4214 292 65-108 15.10° IAB(s)m 0.2 834 536 4-10%° 70
NGC4449 402 34-10° 1.4.10%° IBm 0.4 1021 970 6-10%® 95

Note.Columns are as follows. (1) Distances. References?dearachentsev et hl. (2004)"/Freedman et &l. (2001)%1 eonard et &1/(2004). (2) Total

near-infrared luminosity of the elliptic region descriiaccolumn (8). (3)

Galactic absorption (Dickey & Locknian £99(4) Taken from NED

(httpy/nedwww.ipac.caltech.egu (5) Star-formation rate within the same ellipse. (6) andExposure times before and after data filtering. (8) Pamntee
detection sensitivity in the.B — 8 keV energy range. (9) Major axis of the studied ellipticioeg. The orientation and shape of the regions were taken fro
K-band measurements (hitfirsa.ipac.caltech.edapplication®MASS).

portant is ionized hot ISM. Whereas it is possible to find fyas-
galaxies among ellipticals, all late-type galaxies appeamontain
moderate to large amount of X-ray emitting gas. The exattibis
tion of this gas cannot be determined a priori, hence itsritmriton
cannot be separated from other X-ray emitting componergen
moved. In late-type galaxies high-mass X-ray binaries (HB8X
located in star-forming regions, also can make a notablé&ribon
tion (Grimm et al! 2003), and, similarly to ellipticals, tpepula-
tion of low-mass X-ray-binaries (LMXBSs) is also present iwiit-
minosities down to~ 10® erg s* (Gilfanov|2004). Other type of
faint unresolved sources, such as coronally active bisapeto-
stars and young stars (Sazonov et al. 2006), also contribute
observed soft X-ray emission. As all these components d¢amno
differentiated, we can only give upper limits on the X-ray emissi
from the population of supersoft sources. Although sameuis t
for early-type galaxies, the magnitude of contaminatingdes is
significantly larger in late-type galaxies.

The paper is structured as follows: in Sect. 2 we describe the
sample selection and in Sect. 3 we introduce the analyzedaahat
discuss its reduction. The various X-ray emitting compaseme
overviewed in Sect. 4 and the obsenteg/ Lk ratios are presented
in Sect. 5. In Sect. 6 we investigate the role of supersoftcasuas
SN la progenitors. We summarize in Sect. 7.

2 SAMPLE SELECTION

We aim to select a broad sample of nearby late-type galaxies,
including spirals and irregulars. Precise knowledge afristc ab-
sorption is critical for the comparison of observed X-raylnosi-
ties with predictions of SN la models. Therefore face-oragiais
are preferred due to the lack of projectidfieets. In a recent study
Walter et al.|(2008) studied the HI distribution of 34 neagayax-
ies in full particulars. We used this sample as a startingtpais

substantial fraction of their selected galaxies is wellested in
X-ray wavelengths. The sample was filtered by demanding deep
Chandraobservations, allowing to achieve a point source detection
sensitivity of < 5 10% erg st in the Q5 - 8 keV energy band.
With this sensitivity we expect that the contribution of esolved
LMXBs and HMXBs do not influence significantly the observed
Lx/Lk ratios — for quantitative analysis see Séct] 4.3. There are
16 galaxies fulfilling these criteria. However, in case afiféow
mass irregular galaxies (DDO53, DDO154, Holmberg I, IC23574
the total number of observed X-ray counts is too low to penfar
detailed analysis, hence we excluded them from our sample.

The final list of galaxies consists of nine spiral and thresgir
ular galaxies, whose main properties are listed in Table 1.

3 DATA REDUCTION
3.1 Chandradata

We analyzed all publicly available observations of the el
galaxies which had an exposure time longer than 2 ks. Totally
this yielded 71 observations (status/2®L0). The overall expo-
sure time of the data walk,,s ~ 2.3 Msec. For each observation we
extracted data of the S3 chip, except for Obs-ID 9553, whare w
used the entire ACIS-1 array. The data was reduced with atand
CIAd] software package tools (CIAO version 4.1; CALDB version
4.1.3).

The data reduction was performed similarly to that desdribe
in | Bogdan & Gilfanov |(2008). First, we filtered the flare canta
inated time intervals, after which the exposure time desgday
< 20 per cent. The observed and filtered exposure times of the
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combined data are listed in Tallé 1. However, for point seurc
detection the unfiltered data was used, since the longersaxgo
time outweighs the higher background periods. Observation
each galaxy were combined, they were projected in the coateli
system of the observation with the longest exposure timedeFo
tect point sources we ran the CIAO wavdetect tool on the nterge
data separately in the®- 0.7 keV and in the &b — 8 keV energy
range, resulting source lists were combined. For galaxgsfis
cantly smaller than the field of view we estimated the backgdo
components using a combination of a number of regions aveay fr
galaxies. The angular size of four galaxies (M51, M74, M883\
exceeds or is comparable with the extent of the combined @@han
image, therefore we used the ACIS “blank-sky” flés estimate
the background. As the instrumental background componahts
Chandravary with time, we renormalized the background counts
using the 16- 12 keV count rates. To obtain point source detection
sensitivities in the - 8 keV energy range, we produced exposure
maps assuming a power-law model with a slop& cf 2. In the

0.3-0.7 keV band we used exposure maps computed by assuming

Ny = 10?* cm 2 and a blackbody spectrum wikT = 100 eV.

3.2 Infrared and HI data

The SN la rate in late-type galaxies can be either related
directly to the mass of the galaxy (Mannucci €tlal. 2005) with

the scale depending on the galaxy type, or it can be decom-

posed into a mass related and a star-formation related aengo
(Sullivan et all 2006). Thus, we need to trace both the steikss
and the star formation rate (SFR). The near-infrared datthef
2MASS Large Galaxy Atlas (Jarrett et al. 2003) is known to be a
good stellar mass tracer, hence we used K-band images for thi

purpose. The obtained 2MASS K-band images were background

subtracted for all galaxies except for M51 and NGC3077,Hese
we estimated the background level by using several neagigne
off the galaxy.

supersoft X-ray sources. However, because of their lowrdeln-
perature and large absorption in late-type galaxies, soastdn of
them will remain undetected by Chandra and will contribotée
unresolved soft emission. Obviously, in estimating thalt¥tray
output of nuclear burning white dwarfs, both resolved anceun
solved supersoft sources need to be taken into account. \ldowe
there is a number of other emitting components contributingn-
resolved emission in late-type galaxies — genuineffude emis-
sion from ionized ISM as well as various types of faint contpac
X-ray sources. These components play the role of contam@at
factors in measuring the X-ray luminosity of nuclear bugnivhite
dwarfs, and, as discussed below, account for the signiffcaction

of unresolved soft X-ray emission in late-type galaxies.efvss-
sion from these components cannot be separated from eaet) oth
it is only possible to obtain upper limits on the X-ray lumsity of
nuclear burning white dwarfs. Their real luminosity is likéo be
smaller by a large (but unknown) factor.

4.1 Resolved supersoft sources

Supersoft sources were fidirentiated from other resolved
point sources based on spectral properties. As the tenperat
the hydrogen burning layer is in the range-080—100 eV, we con-
servatively included all resolved sources with hardnetsssaorre-
sponding to the blackbody temperaturé&®f, < 175 eV. Hardness
ratios were computed based on three energy bantls; 0.1 keV
as soft, 11 — 2 keV as medium, and 2 7 keV as hard band, fur-
thermore we applied the relations described by Di Stefanm&d<
(2003) to identify supersoft sources. Their total obseituetinosi-
ties are listed in Tablg 2.

4.2 Hotionized gas

In late-type galaxies bright X-ray emission from hot iomize

The SFR was measured based on far-infrared images of thedas is expected. The total X-ray luminosity of this companen

Spitzer Space Telescop&fter obtaining the luminosity at 70m
we converted it to total infrared luminosity (Bavouzet €12008),
then we computed the corresponding star-formation rateg Béll
(2003). This procedure has an accuracy of 19% (Bavouzet et al
2008). No background is subtracted from tBgitzer70 um im-
ages, provided by th8pitzerarchive, therefore we estimated it us-
ing nearby regions to the galaxies.

Late-type galaxies contain a large amount of cold gas artg dus
associated with the active star formation, causing notalbéestel-
lar absorption. As our goal is to study a rather soft X-raydyan
is crucial to map its distribution and measure the absorbatgmn
accurately. For this purpose we used the HI maps of Waltdr et a
(2008) which give detailed images of the neutral hydrogemert
of galaxies.

4 SUPERSOFT SOURCES AND OTHER X-RAY
COMPONENTS IN LATE-TYPE GALAXIES

The goal of this investigation is to constrain the X-ray lumi
nosity of nuclear burning white dwarfs. The white dwarfsrbng
hydrogen steadily on their surface have high bolometricihas:
ity, ~ 10°” — 10% erg s, hence some of them may be detected as

2 httpy/cxc.harvard.edisontrifmaxinyacisbg

may exceed the emission arising from unresolved compaetyX-r
sources. To reveal the presence of hot X-ray emitting gasxwe e
tracted spectra of the unresolved emission in the studikxkiga,
shown in Fig[lL. For spirals we plot in the same panel the spect
of the bulge and the disk whereas for irregular galaxies peetsa
refer to the entire galaxy. To facilitate the comparison wemal-
ized them to the K-band luminosity of 0L« , and rescaled them
to a distance of 10 Mpc.

In each galaxy we detect a strong soft component which is
presumably due to hot X-ray emitting gas, completely domina
ing X-ray emission below 1.5 keV. We performed spectral fits
for each spectra and found that a two component model, d¢onsis
ing of an optically-thin thermal plasma emission model (MEK
in XSPEC) and a power-law, gives an acceptable fit. As the main
purpose of the present paper is to study the emission of olirezk
supersoft sources, we do not study the results of specsahfite-
tails. Nevertheless, we mention that the best fit tempezatof the
soft component are rather low, the obtained values are iratige
of KT = 0.18- 0.37 keV. These values are too high to be attributed
to the population of supersoft sources, where the temperatu
the hydrogen burning layer is 30— 100 eV, hence this component
originates most probably from hot ISM.

It is obvious from Fig[lL that emission from the hot ISM dom-
inates luminosity in the 0.3-0.7 keV band. It is also obvittest
it cannot be separated from other sources of soft X-ray eoniss
Therefore it is the main source of contamination in deteingjthe
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Figure 1. Energy spectra of the galaxies in our sample. To facilitaenmgarison all spectra were normalized to the same level baid brightness and
rescaled to the same distance of 10 Mpc. All background coemts are subtracted. The scalexoandy-axes are the same in all panels. For spiral galaxies,
hollow squares (black) show the spectrum of the bulge, vasefited circles (red) represent the spectrum of the disk.

luminosity of unresolved supersoft sources, much morefgignt
than in the case of elliptical galaxies (Bogdan & Gilfanod gy

4.3 Unresolved X-ray binaries

The total (including resolved sources) X-ray emission of ma
jority of galaxies is dominated by bright X-ray binaries.€elthtyp-
ical luminosity is in the range of 10°® — 10*° erg s?, therefore
X-ray binaries fainter than the detection threshold irehlif con-
tribute to the luminosity of the unresolved emission.

We estimate the contribution of LMXBs based on their lumi-
nosity function|(Gilfanov 2004), assuming that their agerapec-
trum is described by a power-law model with a slopd of 1.56

(Irwin et all [2008), and using a column density of?1@m2.
Although the choice ofNy is somewhat arbitrary, its particular
value within the observed limits does ndtext our conclusion.
With these conditions the contribution of unresolved LMX&s
the observed.yx/Lg ratios is in the range of (6-10%* — 1.1 -
10%°) erg s* L, %, in the Q3 - 0.7 keV band, the upper limit is ob-
viously associated with the worse source detection seitgiti

As active star formation is associated with disks of spirals
and irregular galaxies, we also estimate the contributibom
resolved HMXBs to theLy /L ratios. We apply the luminosity
function of| Grimm et all.|(2003) and the normalization acoogd
toShtykovskiy & Gilfanov |(2005) and assume an average power
law spectrum with slope df = 2 with a column density oNy =



Soft band X luminosity ratios in late-type galaxies 5

Table 2. X-ray luminosities in the B — 0.7 keV energy range of various X-ray emitting components tie-tgpe galaxies.

Name NH,int Lxunres Lxsss (Lx/Lk )total (Lx/Lk)buige  (Lx/Lk)disk  (Lx/Lk)arm  (Lx/Lk)interarm  (Lx/Lk)pred
(cm2) (ergst) (ergsl) (ergs? '-R,l@ (ergs? Li,lo)
1) 2 (3) 4) (5) (6) (7) (8) 9)
M51 77-100° 27-10%¥ 32.10%8 47.10%8 47.10%8 45.10%8 39.10%8 5.0-10%8 3.1-10%°
M74 39-10%°° 26-10% 1.7-10% 1.7-10%8 5.8.10%7 2.3-10%8 271078 21-10%8 1.9-10%°
M81 78-107° 14.10°%® 15.10%8 5.4.10%7 6.4- 1077 341077 32107 3.6-10%7 1.7-10%°
M83 60-107° 16-10®° 7.3.10% 43.10%8 2.8-10%8 5.2.10%8 49.10%8 55.10%8 3.1-10%°
M94 46-10%°° 29.10% 23.10% 95.10%7 1.1-10%8 7.0 1077 - - 25.10%°
M95 21-10%°° 39.10% 20-10% 1.2-10%8 1.9-10%8 9.3 107 - - 31-10%°
M101 10-10?r  43.108  43.10% 1.4-10%8 9.8- 1077 15.10%8 - - 28-10%°
NGC2403 29.10%' 36-10 1.1-10% 7.4 1077 5.4 107 7.8- 1077 - - 141078
NGC3077 8-10%° 32.10 35.10% 1.4-10%8 - - - - 33.107°
NGC3184 27-10%° 65-10°® 4.3.10% 2.4.10%8 1.4-10%8 2.9.10%8 - - 36-10%°
NGC4214 72-10%° 27.10% 0 42.10%8 - - - - 73-107°
NGC4449 0-10%1 22.10°® 95.10% 6.8- 10?8 - - - - 34.10%8

Note.Columns are as follows. (1) Average level of intrindlg (2) Total unresolved luminosity in the®- 0.7 keV band. (3) Total luminosity of resolved
supersoft sources in the- 0.7 keV band. (4), (5), (6), (7), and (8) Obsenveg/Lk ratios in the @B — 0.7 keV energy range for the entire galaxy, for its
bulge, for its spiral arm regions, and for its interarm regiorespectively. The statistical errors vary betweenttess 1% and 5% (9) Predicteéd /Lk ratios
of supersoft sources in the single-degenerate scenariputechas described in the text; it is to be compared with col(#

10%* cmi 2. Because the luminosity of HMXBs depends on the star-
formation rate, their contribution to they /Ly ratio will be high-

est in those galaxies where the star-formation rate perkisband
luminosity (SFRLy) is highest assuming the same point source
detection sensitivity. However, this latter parameteiiesin our
sample, therefore we estimated the unresolved fractiondXBl
luminosity for each galaxy individually. The highest vadueere
obtained for irregular galaxies, in these the unresolvedXiBis!
contribute withLx/Lx = (41— 7.6)- 10°° erg s* L.}, whereas

in spirals we obtainetlx/Lk = (4.1-10°-5.8-10%%) ergs* L, %.

As we show in Seck. 511 the observied/ L ratios exceed the
estimated contribution of LMXBs and HMXBs by at leastl — 2
orders of magnitude. Thus, we can exclude with high confidenc
that the population of unresolved X-ray binaries make a n&jo-
tribution to the derived.x/Lk ratios.

4.4 Faint unresolved sources

There is a number of other types of X-ray sources, fainter
than< 10% erg s?, contributing to unresolved emission. These in-
clude coronally active binaries, protostars, young stasclysmic
variables etc. The populations offiirent classes of sources were
studied in the Solar neighborhood by Sazonov et al. (2008¢da
on ROSATdata. We used their specific luminosity value for the
0.1- 2.4 keV range and estimated th86- 0.7 keV emissivity for
these sourcebx/Lk ~ few x 10°” erg s* L ,. This can make a
sizable contribution to the unresolved emission in a fevaxjab
with the lowest observed /K ratios, but this contribution is not
dominant.

5 RESULTS

The X-ray luminosities of the unresolved emission and re-
solved supersoft sources are presented in the first colufifabte

[2. With the exception of M81, resolved supersoft sourcesritnrie
less than about 1-10% to the total luminosity in the 8-0.7 keV
band. For M81, the two luminosities are nearly equal. Itecaid
be further discussed below, but we also note here that thimdsm
ity of resolved supersoft sources in this galaxy is domigéeone
very bright source with 0.3—-0.7 keV luminosity a2110% erg s.

5.1 Lx/Lg ratios

Further columns of Tablgl 2 presentKXratios for galaxies
and their dfferent structural components. The averhggl « ratios
range from (%4 - 10°" - 6.8 - 10°) ergs* L%, Its lowest value
is observed in M81. Due to its large angular extent, the disk o
this galaxy was mostly outside the Chandra field of view. Tinégy
explain, at least in part, the smaller value of thg'Lk ratio. The
other end of the range is represented by irregular galaxy MN@g.

Despite larger intrinsic absorption, the/Lk ratios exceed by
factor of~ 2 — 20 those of early-type galaxies (Bogdan & Gilfanov
2010). This is further illustrated by Figl 2 where X-ray lumosi-
ties are plotted against K-band luminosities. The eampetgalax-
ies are from|(Bogdan & Gilfandv 2010). Although the conttibo
of bright resolved supersoft sources is included, it doesroeed
~ 10 - 20%, therefore this plot shows, essentially, the luminos-
ity of unresolved emission. As in the case of early-type xjak
the contribution of unresolved X-ray binaries may be of some
portance, we used X-ray luminosities transformed to théoumi
source detection sensitivity of -2L0°® erg s1. The straight lines
show the emissivity of faint compact sources in the Solagmaor-
hood from_ Sazonov et al. (2006), including (solid) and edirig
(dashed) contribution of young stars. To convert thsifLk ra-
tio from the 01 — 2.4 keV to the 03 — 0.7 keV band we assumed
Ny = 107 cm? and an optically-thin thermal plasma emission
model (MEKAL) with KT = 0.3 keV, if aT' = 2 power-law is
assumed, the lines move downwards by a factor @f The agree-
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Figure 2. The Q3 - 0.7 keV luminosity of unresolved emission and su-
persoft sources as a function of the K-band luminosity foryegpe
(Bogdan & Gilfanov| 2010) spiral and irregular galaxies. Téwid line
shows total emissivity of faint sources in the Solar neighbod from
Sazonov et all (2006) recalculated to th&-00.7 keV band as described in
the text. The dashed line is the same but excluding conimibwdf young
stars. The Sagittarius galaxy from Bogdan & Gilfanov (20talien outside
the plot limits due it its small K-band luminosity lies on teetrapolation
of the dashed curve, following the trend of early-type giax

ment of soft X-ray luminosity of gas-poor early type galaxeth
the old population of the Solar neighborhood is remarkatle (
note that due to small investigated volume, the latter da¢sm
clude any supersoft sources, however, as mentioned abiwie, t
contribution in the soft luminosity of early-type galaxigses not
exceed~ 10— 20%). Late-type galaxies, on the other hand, lie,
with a large scatter, significantly above the line, corresiing to
the Solar neighborhood. This is explained by contributibrihe
hot ionized ISM.

To investigate spiral galaxies further we measurgdlLy ra-
tios for their bulges and disks. The separation was madedl@se
near-infrared images. We did not find very larg&eatience — the
X/K ratios typically do not dier by more than a factor of 2, ex-
cept for M74 where the disk value is larger by a factoraf. There
is a number of factors which mayfact X/K ratios: a younger stel-
lar population of the disk will tend to have highkx/Lk, whereas
the more centrally concentrated hot X-ray emitting gas dmed t
lower intrinsic absorption will increase its value in thddmi Com-
bination of these — and possibly otherffeets may be responsible
for observed scatter ibx/Lk values.

Four galaxies in our sample (M51, M74 , M81, and M83)
have grand design spiral arms allowing us to measy ¢ ra-
tios of spiral arms and interarm regions separately, obthiralues
are given in Tabl€]2. The arm and interarm regions were stgzhra
based on optical and near-infrared images. To our surpriselid
not find large diference between spirals arms and interarm regions,
their Ly/Lk ratios being dierent by no more thar 30%. The
fact that thelLy /L ratios in spiral arms are not suppressed by the
significantly higher intrinsic absorption may suggest shatersoft
sources do not contribute significantly to the soft X-ray sitn
form the disks of spiral galaxies, but X-ray sources withdiear
spectrum dominate. The most likely candidate for such ssuix
the emission from ISM (Fid.]1).

5.2 Specific frequencies of supersoft sources

We also compared the numbers of resolved supersoft sources
detected in bulges and disks and in spiral arms and in imteras
gions. Due to their small number in each particular galaxycam-
bined data for all nine spiral galaxies. Counting only sesraith
log(Lx) > 36 we found that 16 of them are located in the bulges
and 51 in the disks. Taking into account the combined K-band |
minosity of bulges (1L - 10" Lk o) and disks (D - 10 Ly ) we
derived the specific frequency of the supersoft sources b#l in
the bulges and: 2.6 per 18° Ly, in the disks of spiral galaxies.
As expected, but probably never confirmed quantitativelipies
the specific frequency of supersoft sources in the diskseslecby
factor of ~ 2 that of the bulges.

For four grand design spiral galaxies we performed a similar
investigation comparing spiral arms and interarm regidrigere
were 12 sources in spiral arms and 7 in interarm regions, twhic
K-band luminosities were.8 - 10'° Ly, and 18 - 10'° L, re-
spectively. The specific frequencies of supersoft sourceslase
to each otherx 3.1 and~ 3.9 per 18° L ., respectively.

As a caveat we note that in calculating statistics of resbéie
persoft sources we combined the data fdfedent galaxies having
different sensitivity limits (Table 1). In order to reduce thffeet
we counted only sources with Idg() > 36, however we made
no attempt to perform an accurate incompleteness correcttus
may dfect somewhat the particular specific frequency values but
would not change results of the comparison dfatent structural
components of galaxies.

6 ROLE OF SUPERSOFT SOURCES AS PROGENITORS
OF TYPE IA SUPERNOVAE

The observed.x/Lk ratios allow us to constrain the role of su-
persoft sources as progenitors of SNe la. Although unlikectise
of early-type galaxies, in late-type galaxies these camds do not
translate into global upper limits on the single degenesaémario,
they are important for understanding relative roles ékdéent evo-
lutionary channels. We therefore compare observédritios with
the ones predicted in the single degenerate scenario.

In computing the predicted values we assumed that entire
process of the mass accumulation by the white dwarfs preceed
in the regime with the nominal X-ray radiatiorffieiency, i.e.
that the accreted material has solar composition and théeopho
spheric radius of the nuclear burning hydrogen shell isectoghe
white dwarf radius. Particular calculations were conddiaising
approach and parameters|of Gilfanov & Bogdan (2010), namely
the initial white dwarf mass of.2 Mg and an accretion rate of
107 My/yr. The SN la rate was assumed to be proportional to
the K-band luminosity with the scale according to Mannutéile
(2005): Nsnia/Lk = 35- 10 yrt per 18° Ly, and Ngyja/Lk =
8.8- 10 yr! per 16° L, for the bulges and the disks of spiral
galaxies andNsnia/Lx = 3.3 1073 yrt per 10° L, for irregular
galaxies.

6.1 Galaxy-averaged values

In comparing predicted luminosities with observations iti-
portant to take into account strong and spatially varyingpafion
commonly present in late-type galaxies. In order to acc@hpphis
we divided galaxies in gticiently small cells. In choosing the cell
size we required that each contained 30 X-ray counts in the
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Figure 3. The fraction of K-band luminosity of the galaxy containedhe cells, in which the ratio of observed to predicted X-tayinosities is smaller than
a given value. The meaning of this plot is that it shows thetioa of the stellar mass of the galaxy where the contriloutibthe supersoft sources to the type
la supernova rate, expressed in per cent, is smaller tharathe shown on the x-axis.

0.3 - 0.7 keV band, necessary for the spatially resolved analysis method of calculation they present galactic average andoabe
described below. Thus the number of cells per galaxy depends  compared with observed values listed in the column (4), ethrk

their surface brightness and Chandra exposure time arethiaom (Lx/Lk)rotal

28 in case of NGC3077 to 1065 for M101. The typical K-band lu-

minosity within one cell was in the 16- 10° L, range and size Table[2 shows that for majority of galaxies prediclsg/ Ly

was between 5- 30". ratios exceed observed values by a factorof — 30. For these
In each cell the supernova rate was computed from its K- galaxies we can place upper limits-of3— 15% on the contribution

band luminosity and the X-ray luminosity of nuclear burninigite of supersoft sources to the SN la rate. For few galaxies, M&C

dwarfs was computed and absorption (intrinsic, determifed 2403 and NGC3077, the fiierence is~ 2 times. In the case of
each cell from HI maps, and Galactic) was applied. The lusiino  NGC4449 predicted X-ray luminosity is 2 times smaller than the
ties of all cells in a galaxy were summed and divided by itsdfdb observed value. For these galaxies no meaningful uppetslizan
luminosity to give the average predictegkXratio. The so com- be placed. We note that the latter galaxy has lardtand XK
puted values are presented in the last column of Table 2. By th ratio. It is further discussed in the Sdct.16.4.
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6.2 Spatially resolved analysis

Using the results of this calculation it is also possibledme
pare prediction of the model with observation in a more diedai
spatially resolved manner, computing the ratio of the olexbiu-
minosity to the predicted value in each individual cell. Tegent
results of this analysis we plot in the Fig. 3 the fraction eb&nd
luminosity of the galaxy contained in the cells, in which tiaio
of observed to predicted X-ray luminosity is smaller than\eeig
value. The meaning of this plot is that it shows the fractibthe
stellar mass of the galaxy where the contribution of the mgfe
sources to the type la supernova rate is smaller than the galae.

The plot reveals a large variations between galaxies in our
sample. In several of them, M74, M81, M95 and NGC3184, su-
persoft sources cannot contribute more thah— 10% to the type
la supernova rate in more than 80 — 90% of their mass. The
other end of the range is represented by NGC2403 and NGC4449
in which supersoft sources could, in principle, be progesitof
a large fraction of type la supernovae without contradictiaray
observations.

6.3 Spiral arms and interarm regions

We applied similar approach to analyze spiral arms and-inter
arm regions in the four grand design spiral galaxies. In agmp
ing the SN la rates we note that scale factors from Mannuali et
(2005) refer to entire galaxies, therefore it may be inaa®uto
use them in the analysis of arm and interarm regions. Instead
use results of Sullivan et al. (2006) who decomposed the SN la
rate into a mass related and a star-formation related coemten
Namely, we assumed scale factors & 510-** SNe yr! M! and
3.9-10* SNe yr! (M, yr%). The stellar mass in cells was deter-
mined from their K-band luminosity assuming a mass-totligiio
of M,/Lx = 0.8. The star-formation rate was computed based on
Spitzerfar-infrared images as described in SEci] 3.2. The resgultin
upper limits are plotted in Fif] 4 using the same approach B
[B. The plot shows that upper limits for interarm regions aga-g
erally tighter that for the disks as a whole. Overall, in mtiran
~ 80% of mass the contribution of supersoft sources to the SN la
rate is less than- 5 — 30%. In the spiral arms, on the contrary,
no constraining upper limits can be obtained in three outaf f
galaxies — the supersoft sources can, in principle, be pitugs of
a large fraction of SN la.

6.4 Dependence of upper limits on absorption and
star-formation rate

The obtained upper limits vary significantly between galax-
ies, from a~few per cent level to unconstraining values of tens of
per cent. One may ask a question, whether these variatiena ar
result of diferent levels of contamination and absorption ified
ent galaxies or do indeed reflect varying contribution ofesapft
sources. In an attempt to answer this question we plot if3rige
ratio of the observed X-ray luminosity to the luminosity ofpgr-
soft sources predicted in the single degenerate scengprpL >,
versus the NH value and/K ratio. The predicted luminosity was
computed by the method described earlier in this sectioa.plbts
show clear correlations — the observed-to-predicted losiin ra-
tio increases with the column density and with specific lusity
of unresolved X-ray emission. This may indicate that vasiat in
,the upper limits are caused by variations in absorption arttie
level of contamination.

On the other hand, in a picture, which is not entirely implau-
sible, the role of supersoft sources as SN la progenitors imay
crease in star-forming galaxies. Therefore one may expposa
tive correlation of the luminosity of supersoft sourceshite star-
formation rate. To investigate this, we plot in Hi§). 6 theated-to-
predicted luminosity ratio versus star-formation ratee plot does
show some evidence of such a correlation, in an apparentacont
diction to the tentative conclusion made above. It shoulteken
into account however, that star-forming galaxies tend t@harger
NH and brighter levels of the filuse emission, which may produce
secondary correlations.

7 CONCLUSIONS

The aim of this study was to measure soft ban Xatios
in late-type galaxies. Although these ratios are of inteoestheir
own, our primary goal was to derive constraints on X-ray siois
from nuclear burning white dwarfs and to constrain the rdlsw
persoft sources as progenitors of type la supernovae. Fettid we
used an extensive set of archiGthandraobservations of a sample
of twelve late-type galaxies, which included nine spiradl @inree
irregular galaxies. In selecting our sample we demandedigso
detection sensitivity of at least 30 erg s* allowing the removal
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of bright X-ray binaries. We also required the existenceudflizly
available HI maps in order to measure the intrinsic absompti
The observed.3-0.7 keV bandLy /L ratios range from 3-

10710 68-10°%rg s* L, significantly exceeding those in early-

type galaxies. Based on the spectral analysis we tentasuejgest

that the primary reason for thisfrence is the soft X-ray emission

from hot ionized ISM with the temperature kT ~ 0.2 — 0.4 keV.
X-ray emission from young stars in star-forming regions raksp
contribute. On a more detailed level we determin& Xatios for
bulges and disks of spiral galaxies separately and for rityajof
them found a factor of 2 — 4 difference. Surprisingly, the sign
of this difference was dlierent in diferent galaxies, indicating the
complexity of distribution of various X-ray emitting compents
in spiral galaxies. Furthermore, in four grand design $piataxies
we separated spiral arms and interarm regions and foundhtiiat
Lx/Lk ratios do not dier by more than- 30%.

We investigated the role of supersoft sources as progsrofor
type la supernovae. As a measure of their contribution weueal
lated the ratio of the observed soft X-ray luminosity to thei-
nosity predicted by the single degenerate scenario. Ther \ats
computed assuming the nominal X-ray radiatidficeency of nu-

clear burning white dwarfs, as expected in the standardingaif

supersoft sources (Kahabka & van den Heuvel 1997). We firtd tha

for majority of galaxies predicted luminosity exceeds abed val-
ues by a factor of 7 — 30. Taken at the face value, these numbers
imply upper limit of ~ 3 — 15% on the contribution of supersoft
sources to the type la supernova rate. For a few galaxieswause
and predicted luminosities are comparable, therefore netcain-
ing upper limits can be placed, including NGC4449, where pre
dicted luminosity is smaller than the observed one. Theialhat
resolved analysis yielded similar results. Correlatiohthe upper
limits with NH and XK ratios suggest that large scatter in upper
limit may be a result of dferent level of contamination and absorp-
tion in different galaxies.

It is important to realize that for the late-type galaxiep; u
per limits on the contribution of supersoft sources to tygpsuper-
nova rate do not translate into upper limits on the singleedegate
scenario in general. In young stellar environment severssipili-
ties may exist, that X-ray emission emission from nucleanimg
white dwarfs is significantly suppressed (e.g. Hachisulet296;
Iben & Tutukov 1994). Note that these possibilities are areax-
pected to play significant role in early-type galaxies cdesd in
Gilfanov & Bogdan 1(2010), due to the old age of their stellapp
ulations.

Finally, we investigated the specific frequency of brighgesu
soft sources in bulges and disks of spiral galaxies and fsigrf-
icant diference, the supersoft sources being factor a times
more frequent (per unit K-band luminosity) in the disks tivathe
bulges.
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