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o Abstract. Two XMM-Newton observations of the black-hole binary GRS 19185 were triggered in 2004 (April 17 and 21),

(Q\| during a long “plateau” state of the source. We analyzed it cbllected with EPIC-pn in timing and burst modes, retyely.

o Reflection Grating Spectrometers were used only on Aprit.Zllse source 2—-10 keV flux is 0.6 (unabsorbed: .9 + 1.1)

(qv %1078 in cgs units. While the light curves show only small ampléugriations (a few percent) at timescales longer than a few

2 seconds, a QPO is seen at about 0.6 Hz — as expecjesdriability modes of GRS 1915105, when the phenomenological
correlation with the source flux is taken into account — gagsiith a harmonic signal at 1.2 Hz. The pn spectrum is webdit

o0 without invoking thermal disk emission, on the basis of fowain components: a primary one (either a simple power law or

" thermal Comptonization models), absorbed by cold mattdr abhundances fierent than those of standard ISM; reprocessing

from an ionized disk; emission and absorption lines; andtaXoay excess at 1 keV. However, the last is not confirmed by

Q\ the RGS spectra, whosefidirence from the EPIC-pn ones lacks a fully satisfactoryangtion. If real, the soft X-ray excess

(- may be due to reflection from an optically thin, photoionizigk wind; in this case it may lead to a way to disentanglérisic

@) from interstellar absorption.

E) Key words. Black hole physics — Accretion, accretion disks — X-raysabies — X-rays: individuals: GRS 194505
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-1. Introduction monly adopted value of the source’s inclination (7But see
o Maccarone, 2002, for a discussion), Greiner et al. (200&4&jlu

«— The well-known black-hole (BH) binary GRS 194805 is e same observations to determine the mass of the centnal co

< sometimes classified assaperluminal microquasar because pact object, which has been constrainedvtg = 14 + 4Mg,

O\ of the impressive radio jets whose matter seems to move With ol above the maximum neutron star mass limit. Thus

Ssuperluminal vel(?city due to a rellativistictfect.(Mirabel & GRS1915105 is believed to host a BH with a gravitational
Rodriguez, 1994; Rodriguez & Mirabel, 1999; Fender et ahdiusrg _ Gc_l;/I ~ 21 km, so it is classified as a BH binary.

clilgsii)s sli::r: gfrittesce?; rg\r/tliivsv 21‘eteh|';<;esr]c()jlérrc§,ér;rlsllcl:rt]dilrgzgogf)dnera Reig et al. (2003) note that, although the phenomenology of
[ prop ' ! RS 1915105 has been usuallyescribed in terms of three

T(?)GRglizlg)lggry large pbsCUTEt:\(/)lnlyn the spect(rje_ll type % ectral states named A, B, and C (the latter beingHavd
S companion (a K- star) was discovere nd jet-dominated), in fact several source properties y@wa

Uonly recently, via infrared observations (Greiner et a8002). correspond to the canonicaitermediate (sometimes called

This yielded evidenc_;e that the system, initially discodeire very high) state of galactic BH sources (see Homan & Belloni,
they rays (Castro-Tirado et al. 1992), belongs to the class 95 o Belloni et al., 2005, for a definition). This is con-

low-mass X-ray binaries (LMXBs). On the basis of the COMymed by Done et al. (2004), who also note that the source’s

unique limit-cycle variability appears when the sourcdatas

* Based on observations obtained with XMN&wton, an ESA sci- at supgr-Eddlngton IlumlcrijItlheS.b!\/lan}{ of thle GRS 19]{25
ence mission with instruments and contributions direatiyded by p.ropertles Can_ e related to the binary S, evo utl.onar)es e
ESA Member States and NASA. giant companion star and the long orbital period (33.4 days,
** Present addresss UPS / Centre d'Etude Spatiale des
Rayonnements, 9 Av. du Colonel Roche, F-31028 Toulouse! Based on the hardness ratio and position in the color-cater d
France gram.
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by far the longest of any LMXB (Greiner et al., 2001) indi- ‘ ‘ : - : :
cate that the Roche lobe overflow occurs in a very wide binan T ) | el
The cause of all the unique long, as well as short-term, vary = ¢ R . "
ability of GRS 1915105 is then linked to the evolution of the ™~ e ) o ]
huge disk structure, which can contain enough material to-ma
tain nearly-Eddington accretion rates over timescales\w#sl 3 ‘ ‘ S ‘ ‘ '
years. ’ - E
A strong and broad iron &line was present iBeppoSAX
(Martocchia et al. 2002, 2004) an&BSCA GIS (Miller et al. R o o
2004) spectra of GRS 191805. Ross-XTE PCA data are KRR, A 4 S mnot
generally well-fitted including a broad iron line component f 1
(e.g. Done et al. 2004), but the energy resolution of thigins
ment does not allow discriminating amongdtdrent line mod- i : L
els. The Fe & emission was also compatible with the spec-” ~ L | P ey e
tral fits of Chandra data, taken during a lgtvard state of the = " - -
source, as reported by Lee et al. (2002). MID—53000.0
An XMM-Newton ToO observation of GRS193305, Fig.1. Radio and X-ray light curves of GRS 194505 be-

which would allow us to study the iron line profile with enfore and during the Spring 2004 plateau (starting 2453070
hanced spectral resolution and sensitivity, was propaséttel  JD), from: http//www.mrao.cam.ac.ykguy/. Radio data at 15
second Announcement of Opportunity (AO2). The observati@gHz were observed with the Ryle Telescope, Cambridge (see
was intended to be triggered by the occurrence of a “plategegoley & Fender, 1997, for a description of the techniques
state of the source (Foster et al. 1996), similar to the oRe ql3ed); X-ray data (ASM flux and hardness ratio) are taken
served during thd@eppoSAX 1998 observation; this was alsofrom the Rossi-XTE quick-look web pages: httfixte.mit.edu
necessary in order to have the source in a less dramatibilariaASM_lc.html. The approximate dates of OBS1 and OBS2 are

ity state and at a lower flux level to minimize technical prolshaded. Note the anti-correlation between X and radio.
lems due to instrumental pile-up and telemetry. For thedatt

reason we also planned to observe in timing mode.

The observation was triggered in April 2004, divided into _ ) ) ) . -
two parts with~ 4 days separation one from the other. In this G/Ven the typical plateau behavior, with strong jet acgivit
paper, while presenting the results, wigeo an XMM-Newton and high radio level, we conclude that the source was caught
view of GRS 1915105 for the first time. First of all we de-n the conveptional “hard” (,C) spectral state ayndari_ability
scribe (in Sectl]Z) the observations and data extraction-me‘?lass’ as def'”,eo! by. Bgllonl etal. (199_7a,t_), 2090)’ in both ob
ods, and details of the state of the source based on its ilariaB®"vations. This is similar to the condition in which the s
ity and general considerations. In Sd§t. 3 the best-fit splectVaS Se€n by simultaneoUNTEGRAL (rev.57) andRoss-XTE
models and related physical parameters are given. I:iria”y’observatlons performed in the Spring of 2003 (Hannikainen
the conclusions, we summarize these X\MN@wton measure- ©t al. 2003, 2004, 2005; see Fuchs et al. 2003 for a multi-

ments and put our results in the context of the known sour¢gvelength study of one of these obs.ervgtl.cﬁws).
properties and open issues. Count rate thresholds for pileup in timing modes are re-

ported in the XMM User's HandbockThe MOS count rate
registered in both observations (130 and 160 cfs) is well
2. Observations and data reduction above the quoted limit (100); therefore EPIC-MOS data are

, , . _unusable, and we restricted the analysis to EPIC-pn and RGS
To trigger the ToO observation, we set a condition on vakaby,4 (the latter are available only for OBS2).

itY (Fms single-dwell points_ (_)ROSS'XTE A_SM to stay< 9_% Since in this state the source is stable, we can use the whole
within one day) and a candition on fluR¢ss-XTE ASM daily integration time to obtain very high statistics and sigmaike.

rate below a threshold of 30 ¢¢32 Both triggering conditions Through adopting the customary method of extracting high-

were met during the long “plateau”, a lower-flux state alsé’nergy E > 10 keV) background light curves, we checked for

characterized by a more intense radio emission (Foster. el 215 of low contamination in both observations. Wiite
1996), which lasted several weeks during the Spring of 2084\ 15und flaring is apparent during OBS1, we did initially
(Fig. i). The observation could be therefore started, iNEPLg|ect 5 9 ks low-background interval (1989516098960000

timing mode, on April 17, 2004 (hereaftddBSL). s) in OBS2. We performed preliminary OBS2 data analysis
However, the source counts were enough to saturate the

telemetry, even after switchingfothe MOS and RGS. Thus 3 This radio-loud state had been described already by Munb et a
a second part of the observation was performed on April 22001, and by Trudolyubov 2001 (as “type II").

2004 (hereafteOBS?), this time in (EPIC-pn) burst mode. ~ * See Table 3 in: Ehle et al. (2004) -http://
xmm.vilspa.esa.es/external/xmm_user_support/documentation/

2 ASM is the All Sky Monitor onboard Rossi-XTE. We used uhb/node28.html#2828
the public ASM “Weather Map” mask, accessible dtttp:// 5 Excising the core of the PSF is enough to cope with this proble
heasarc.gsfc.nasa.gov/xte_weather/. in the case of imaging modes, but it is not applicable fornigmnodes.
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with this selected dataset, then afterwards verified thatéh search for (quasi-) periodic oscillations to be senselass b
sults were not modified when considering the whole obsedz timescales. Source light curves do not show any apprecia-
ing interval. Therefore, in the following, we report resutif ble variations at timescalesa fewto ~ 100 s; however, as ex-
the data analysis that was performed usatigobserving time, plained above (see Footnote 6), due to the full scientifiteou
e.g. with the highest possible statistics. This also albbwe and telemetry drops, this result should be taken with cautio

to refine the spectro-variability analysis (e.g. the analys Even though fiected by telemetry drops for up to about
root mean squared variability vs. energy: Ponti et al. 20045% of the observing time, EPIC-pn data are well below the
as much as possible, which we performed to possibly disgile-up count rate thresholdind can therefore be safely used
tangle the various contributions to the observed spectta afor spectral analysis.

thus, to get an independent validation of the adopted emis- The data were selected from a four-column strip centered
sioryabsorption model. The high number of counts allows @n the source throughout the timing-mode (one-dimensjonal
high-resolution analysis afms vs. E over the whole EPIC- “image”; a similar strip was selected far away from the seurc
pn energy band (about 35 energy bins for OBS2, and seveigla background sample.

dozen energy bins for OBS1; the minimum timescales of varia-

tion we could consider were, respectively] 000 and- 100 s). .

We used background-subtracted light curves in order todavé-2- S€cond observation

contamination at the lowest and highest energiess( 2 and yhijle the source essentially persisted in the same statg-a s
E 2 7keV), and found a mearms value on the order of 5% gnq gbservation was started on April 21st (OBS2, rev. 800,
(0.02+ 0.07) in both observations, compatible with a mutls  start time: 13:49:23 [JD2453117.076], stop time: 20:56:55
when Poisson noise is removed, with no visible featuresen thyp2453117.373]). To cope with the telemetry problem, this
“rms spectra”. We further verified this by studyifgar vs. E5  time we used EPIC-pn in burst mode, MOS in timing mode,
The data were reduced with the standard SAS v6.1 agfld RGS in high count rate (HCR) mode. The other cameras
FTOOLS software packages. For EPIC-pn, single and dayere of.
ble events were used in the timing modes (PATTERN 4); In this observation, a background flare is apparent at the
the fit was restricted to energies0.5 (> 0.4) keV in timing very beginning both in EPIC and RGS data; however, due to
(burst) mode in order to avoid the increased noise. As recoffa very high & and shortness of the flare, it does not re-
mended by the XMMNewton Helpdesk, no selection on theyly affect the spectra. Source data were selected from a six-
RAWY coordinate was applied since this is related to a fingsjymn strip (i.e. two columns more than in timing mode, in
time and the selection would therefore exclude certain pg¥e o qer to increase the statistics) throughout the burstenfode-
riods. However, RAWY< 160 was imposed as a condition inyimensional) “image”; a similar strip was selected, far pwa
burst mode to avoid direct illumination by the source. R&SIBO om the source. as a background sample.
and auxiliary matrices were created with the SAS towlfgen, The EPIC-pn data areffected neither by telemetry drops

arfgen, rgsrmfgen. . nor by pile-up, in this observation, and can therefore bel use
For the fit procedure we assumed a source distance Of_l%ﬁboth spectral and timing analyses. However, as far as tim
kpc and inclinationi ~ 7(° (Rodriguez & Mirabel, 1999; ing/variability studies are concerned, some caution is necgssa

Fender etal., 1999). since burst-mode datafer from the intrinsic photon loss re-
lated to the 3% duty cycle (cp. Footnote 6). While the light
2.1. First observation curves only show tiny variations (up to a few percent, butcom

_ ) patible with zero: see Fid] 2) at all timescales bigger than a
The April 17 observation (OBS1: XMMNewton rev.798, few seconds, a quasi periodic oscillation (QPO) at about 0.6
start time: 14:18:56 [JD2453113.096], stop time: 20:03:3{z, with a possibly harmonic signal at 1.2 Hz, is seen in the
[JD2453113.336]) was performed in (both pn and MOS1) tingp|C-pn data collected in burst mode (Fi. 3). This freqyenc
ing mode, as requested in the AO2 proposal mainly with the expected iny variability modes of GRS 1915105, when
aim of avoiding pile-up problems. Moreover, the MOS2 camne phenomenological correlation with the source flux igtak
era and both RGS had to be switchef| o avoid overloading into account (c.p. Fender & Belloni 2004). A forrest of navro
the telemetry. Nevertheless, the source flux was still st hiﬁeaks atv > 100 Hz is apparent, due to spurious signals of
that telemetry drops were frequent even in pn data, regutin jnstrumental origin.
short gaps in the light curves, lasting a few to several sggon

for a total of about 75% of the observing time. They cause the
2.2.1. The RGS data
6 The nominal time resolution is 29 and 7 microseconds for EPIC

pn timing and burst modes, respectively. However, all tesiérived Thanks to their excellent energy resolution, RGS cameras
from the light curves must be taken with caution: in the filss@r- should be able to reveal subtle details in the 0.3-2.0 ke\ban
vation, even after removing all telemetry drops, the colidphotons  However, the source is so strongly absorbed belew2lkeV

“saturated” the instrument's bandwidth; therefore, epatgpendent that these data do not actually add much information. We used
oscillations in the count rate may have been “cfit.cOn the other
hand, photons collected in the second observation, i.eurist mode, 7 For EPIC-pn timing mode the pile-up threshold for a pointrseu
are selected on the basis ofahhoc duty cycle in the reading processis 1500 ctgs, the telemetry threshold is 300 fstswhile we registered
(events are not registered for 97% of the time). ~ 650 ctgs.
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Fig.4.The RGS and pn (burst mode) spectra fitted in the 0.5-2
L L L ., .| keVrange with a simple absorbed power law. The RGS and pn
0 5000 104 © 1.5x10* 2x10*  spectra clearly disagree each other.
Time (s

Fig. 2. The source light curve in the 0.4 — 10.0 keV band during
OBS2 (EPIC-pn, burst modapt background-subtracted). Thelatter spectrum. The RGS spectrum shows a fast decline (more

whole 20946 s observation has a mean 618 (i.e54/8.03)
cty's; the background has just about 18 (i.6320/0.03) ctgs.
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than two orders of magnitude, with very few counts at the lowe
energies), without any apparent features. In Sect. 3.1.§ave
through the alternative hypotheses that can be invoked-to ex
plain the RGS—pn discrepancy.

RGS normally have a 15 ms timing resolution in HTR
mode; we produced standard light curves, but did not get any
useful results due to the low statistics on most of the band.

3. Spectral analysis

At the flux level of GRS 1915105 (~ 1078 erg cnt? s71),
it is very likely that systematic errors cannot always be ne-
glected with respect to the statistical ones. Howeverpdhic-
ing an energy-independent systematic uncertainty wousd pr
vent a meaningful use of the statistics. Features at the 1-2%
level must therefore be taken with caution as possibly dfins
mental origin (cp. Kirsch 2005).

Even though the background issue is not relevant on most
of the energy band, due to the extremely higR Severtheless
it may play a role at the highest energi€sX 10 keV), as well

Fig. 3. Power spectrum in the 0.4 — 13.0 keV band of the OBSI at the energies where the source is strongly absobed (
(April 21) EPIC-pn data.

1.5 keV). We therefore performed background subtraction; all
reported results refer to background-subtracted analysiess
stated otherwise. Of course, if a dust halo is present (¢d@o

them mainly to check the EPIC-pn spectrum: in IElg. 4 we shashecked with our data, given the lack of imaging capabdlitie

the 0.5-2 keV spectra of both instruments, fitted with a sinof the timing modes; but see Greiner et al., 1998, on the Jssue
ple absorbed power law model, withfixed to 2 (see Sect. background subtraction may cause a spectral distortiohen t
3.2)8 The RGS and EPIC-pn spectra are clearlfedent, es- soft band, depending on the distance from the source at which
pecially with regard to the broad excess around 1 keV in tiige background spectrum is taken (see below, 3.1.5).

8 Multiplicative constants to the RGS have also been addelioto a Spectra Wer:-:‘ r_ebmlned in Ordder t? hav;oabout threebt.)ms
for intercalibration problems (the best fit values for thestants are per energy_reso ution e ement and at least C_ounts petbin a
1.28 and 1.22 for the RGS1 and RGS2, respectively). RGS dalta, the same time. Spectral fits were performed with the XSPEC

lected in the standard CCD read-out scheme, are margiridigted V-11.3.0 software package. In the following, all errors re-
by pile-up, which amounts to a few percent and mairfiects the fer to a 90% confidence level for one interesting parameter

energies where the spectrum peaks. (Ax?=2.71).
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with ' ~1.7, several absorption and emission features, an ion-
ized and optically thick reflection component (Amda warm
absorber), and an optically thin reflection component to @hod
the 1 keV excess. Given the fact that all remaining deviation
of the data from the model are no larger than about 1-2%, i.e.
on the order of the systematic errors in the calibration ¢whi
for most of the energy range under analysis, is larger than th
statistical errors), we did not try to improve the fit further

We now discuss the various spectral components separately
for the sake of clarity.

Counts/sec/keV
20 50 100

10

5

Energy (keV)

ol ’ ]
hys +’r+”+# E .

2 o & {1 3.1.1. The continuum

s +++ “‘1 -, " ) - . H H
T Mfwwwfw First of all, we note that a simple power law is basicallyfisu
L : s : — cient to describe the continuum, apart from an additionai-co

ponent required to fit the8 keV deficit and an apparent broad

] ) ) excess around 1 keV. Substituting the power law with simple
Fig.5. The OBS1 spectrum and dawodel ratio when fitted comptonization models (likeowerr or comest) does not lead

with a simple power law and cold absorption with variablg, 5.y significant improvement in the fit. No thermal emission
abundances. from an accretion disk is apparent (the inclusion of a malic

disk component is not required by the data). Of course, this
strongly suggests that the innermost disk regions werenabse
during the observation. The apparent 1 keV excess is far too
narrow to be fitted by even a single temperature blackbody (i.
the narrower among physically motivated continuum models)
or to be residual from “distorted” disk thermal emissioneTh
nature of this feature will be discussed separately in §ettb.

20 50 100

counts/sec/keV

10

3.1.2. The cold absorber

5

The photoelectric absorption has been fitted with the XSPEC
model varags, which assumes neutral matter and allows the
elemental abundancies to vary separately. In practicethfor
sake of simplicity, we grouped the elements so that withahea
group the elements are linked as: H, He, C, N, O; Ne, Na; Mg,
— : : — Al; Si; S; Cl, Ar, Ca, Cr; Fe, Co, Ni. The rationale behind this

1 2 5 10
Energy (keV) choice is both physical and practical. In fact, we grouped el

Fig. 6. The OBS1 spectrum and datzodel ratio for the best fit ements tqgether whose origin is very likely common, but also
those which are less abundant (and therefore cannot be mea-
model (see text and Tabﬂa 1). o .
sured easily independently) with very abundant ones: eng. C

and Ni with Fe. We also grouped H and He with C, N, and O
because theirfiect is small in our energy range.

In Tableﬂ the best fit values are reported. They are given in
As discussed in the previous section, we are confident teat tnits of hydrogen equivalent column densities for solamabu
telemetry problems do notffact the spectrum significantly.dances as in Anders & Grevesse (1989). A significant over-
Given the much larger total number of counts in OBS1, wabundance of the heavier elements with respect to the fighte
decided to use it first for the spectral analysis. ones is apparent. These results are only partly consistémt w

To illustrate the spectral complexity, in Fig. 5 we show théhose derived from th€handra HETG observation (Lee et al.
best fit spectrum and ddtaodel ratio after fitting with a simple 2002). In particular, Fe and S abundances are roughly the,sam
power law absorbed by cold matter. Element abundances wetle our values for Mg are about twice, ang82or Si. Fixing
left free to vary with respect to the solar value ratios. $ave the abundances to the values of Lee et al. (2002), the fit is un-
features are apparent: an excess around 1 keV, severakbwiggtceptabley?/d.o.f=659.9231). We note that our observation
between~ 1.5 and 3 keV, an excess at the energies of the irtvas a lower energy resolution, but many more photons.
line complex, and a deficit above 8 keV. These overabundancies with respect to the solar values

After several attempts, we found a — both statisticallfthe diferences are even greater assuming the ISM values, see
(x?/d.0.f=317.5227) and physically — reasonable descriptiowilms et al. 2000) suggest that a significant fraction of the a
of the spectrumin terms of (see Taﬂle 1,and Hig. 6) a power laarber is local to the source. The value for the low Z elements

ratio

0.9 0.95 1 1.05 1.1

3.1. The timing-mode observation
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(i.e. 1.6x10?%2 cm2) can then be assumed as the upper limit @t 6.7 keV and 6.96 keV, which correspond to He— and H—
the ISM absorber column density. It is interesting to not thlike iron, respectively; and after Lee et al. (2002) we also i
this value is similar to the one estimated by fitting tiiekeV cluded an unresolved absorption line with energy free ty var
excess (see below). around the value of the H-like iron. The fit is unacceptable
(x?/d.0.f=617.2225), and not surprisingly, the absorption line
) . was not found. A much better, but still hardly acceptable, fit
3.1.3. Reflection or warm absorption? (x?/d.0.f=425.6223) is found when leaving the widths of the

The deficit above 8 keV can be fitted equally well by a simpl€S free to vary. We found=129 eV and 174 eV for the He—
smeared edge modeiMence) or by an ionized and relativis- and H-like I|.nes, respectively; an absorption line cemtgre
tically blurred reflection componentirscn). As the smearing ™ 6'95 keV is also found. The high yalues of along with
edge is not physically meaningfpér sebut is usually assumedthe likely presence of the disk reflection component, stipng

to represent the reflection component, we will not discues tf199€est that the lines are relativistically broadened: veeet

fits with this component further fore substituted the broad Gaussians witikLine models, with
. . .the outer radius linked to that of the reflection componest, a
The model adopted for the disk reflection component in- : ; L . ;
L . . . . well as the inner radius of the H-like line (the inner radifis o
cludes the relativisticféects in Schwarzschild metric. The in- . . ; .
. : S . the He-like left free to vary, in the assumption that the erast
ner and outer radii are linked to those of the H-like iron ling

(see below). The disk inclination angle has been fixed fo -gnore ionized in the innermost regions). The results arertego
and the mat.ter temperature to®1K. The very large value of in Tableﬂ. The fitis significantly better than with the Gaassi

the inner radius (about 32§ justifies a posteriorthe use of and — as expected on both physical grounds and from the fact

. o . that the width of the He—like line is smaller — the inner radiu
Lheetvvse(;:rzlvﬁést(\:;gdmrgﬁgg Ig\slgago:)fatrﬁaiier;raﬁni%iic]ce;ﬁor this line is larger than that of the H-like line (the vatue
are insianificant aboveldr ). and it agrees witr)( the Iac?( Ofdf the radius must of course be taken merely as indicative, se

9 fg)r and it ag . discussion above). The energy of the narrow absorption line
any detectable thermal disk emission. The iron abundanc%.l@l‘_;mOl keV, is just below the rest frame valfdhe line was

five times the solar value, roughly consistent with the over-~ —003 - ) .
; -assumed to be narrowr (= 1 eV); when leavingr free to vary,
abundance found in the cold absorber (see above). The ioh-. ) -
no improvement in the fit is found.

ization parameter is pretty large, in agreement with thespre : . . o o :
ence of He— and H-like iron lines. The significant solid ang|e we (zjalslo t_rtlre](:hto fit the ;ron tem'SS")?hW']E.T .jUS':‘ one disk
subtended by the disk to the illuminating source, i.ex@m3 In€ mogel, wi € energy free fo vary. Ihe it IS of compara-

implies that the emission occurs at distances compz;lrzilﬂh«*ztobIe statistical quality, but the line energy, 68501 ke_V, d_c_)es
inner disk radius. The adopted model is necessarily a simpl ot correspond to any rest fra_me atomic energy of signifieanc
cation of the real situation, as it adapts a unique ionipndiio oreover, the good fit is obtained at the expense of a verglarg

the whole disk, while the ionization very likely decreasethw ;{alue Iﬁr thel ron i’abun_(lj_z;ncefof tht(; refle((:jtl(?n iﬁTpogenzé
increasing radius. The derived parameters, thereforet baus imes the solar value). Therefore, the model with two dis

taken with caution and considered only as indicative. has to be preferred. i
N L The EW of both lines (28 eV) seems rather small when
The presence of a H-like iron absorption line (see be-

i L -compared to the amount of the reflection component (Matt et al
low) suggests warm absorption. Substituting the _refl_e Ct“i@%). However, one must note again that the ionization most
pomponent with a warm absorber (modakoxi), a_qgnn‘- Ig<ely changes along the radius in the disk. While reflection
icantly worse, but not completely unacceptable fit is foun

(x2/d.0.f=384.5226), with a comparable iron overabundanc%ccurs (even if with changing spectra) throughout the diisk,

(Are=6.6) and power law photon inde (~ 1.69). However emission occurs only if the corresponding ion is presenigivh
e=0. o4 . ’

the column density~ 7.7 x 10?* cm™) is larger than that probably only happens in a fraction of the disk.

implied by the value of the EW of the absorption line (see

Table[l), given the large iron overabundance (e.g. Biartadiie 3.1.5. The ~1 keV excess

2005). Moreover, the presence of ionized disk lines (sea\el _

requires the presence of the ionized reflection component. g Sect. 2.2.1 we have shown that, during the burst-mode ob-
thus fitted the spectrum with both the reflection and the warffirvation, the RGS and pn disagree, with the former not show-

absorber. No significant improvement is found with respect {19 the 1 keV excess. (Unfortunately, during the timing-mod
the fit with the reflection only, but the upper limit to the coin  OPServation the RGS were switche@)oThere are several pos-

density,~2x10?! cm2, is now consistent with the absorptior?ible explanations for both the excess and the RGS-pn giscre

line EW. ancy. As we will see, none of them is fully satisfactory, arel w
consider the issue still open as we wait for improvements in
calibrations.

3.1.4. The iron lines A pn instrumental origin for the broad excess seems un-

likely for various reasons. The amplitude (about 40% of the u

In Fig. E,_a clear broad excess at the energy of the Iron IInglying continuum, see the data vs. model ratio in Eig. Bris
complex is apparent. The excess is at larger energies than

6.4 keV, strongly suggesting ionized iron. We fitted this ex-® Actually, this is a blend of two lines, with centroid enerdys266
cess with two unresolved emission lines=(10 eV) peaking keV.
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too large, given the known calibration uncertainties (cipséh for the reasons discussed above. A confusing source, @avid
2005). Moreover, the excess is present in the Timing as wellitllies at a greater distance, is instead still tenable. We no
in the burst mode, and was also observed BighpoSAX (cp. that all Chandra observations of GRS 194305 have been
Fig. 3 in: Feroci et al. 1998). A similar feature has also begerformed in the CC (i.e. non imaging) mode, therefore the
seen in other binaries (see e.g. the case of the dipping LM>XBove-mentioned hypotheses could not be tested yet.

4U 1323-62: Boirin et al. 2005), but not in all; in particylér

is not present in the burst mode observation of the Crab Mebul

(Kirsch etal. 2(_)05)' h | brigh ¢ strumentakalibration problems, the 1 keV component could
However, given the unusual brightness of our source agg related to the system, and a possible candidate wouldbe th

the fact that the excess arises-ir) the part of the Speptrﬂmission by a disk wind. Both a collisionally ionized plasma
where the count rate drops precipitously due to absorpaonmodel and a photoionized plasma model do indeed fit the
calibration problem that is possibly related to the redistion EPIC-pn data well

matrix cannot be completely excluded at the moment.

In the assumption that the RGS spectrurffens from in-

In the first case, the temperature of the plasma is about 1.3

Let us then assume that this excess is real. We could nokgY (obtained using theexar model), with metal abundance
this feature with any continuum model put behind the whofk2 times the solar value; the ISM absorber halliaof 9x107*
absorber. As seen in Seft. 3]1.1, it cannot be fitted withkbla€™ > The emission integral is %A.0°"df, cm™® (wheredyo is
body models; the only model able to fit it is a broad Gaussi#fie distance to the source in units of 10 kpc), which, assum-
with an EW of several tens of keV, which has no physical explHd that the density of the matter is constant along the &gitt
nation. Good fits are instead found if the emission is scréerf€Jion, translates into a mass of the wikit}, ~ 6 Mods;n™,
by a thinner absorber. There are three possibilities inrnis Wheren is the number density. Assuming that the size of the
spect: (i) a confusing source, (i) a dust scattering haidgiiip disk wind is at most on the order of the binary separationiabo
a component related to the system but lying outside thenintrbx10'° cm according the binary system parameters given by
sic absorber. Harlaftis & Greiner 2004), we obtain a lower limit toof about

The confusing source hypothesis seems unlikely. In tif#x10"dio cm™3. With this size, the Thomson optical depth
ing modes, source data are extracted from a narrow strijg (h&ould already be substantiat (0.25), and be increasing fur-
about 16”); the required, “polluting” source would have ® pther with decreasing size. Thus, the matter would not béyreal
bright (0.5-2 keV observed flux of aboua012 erg cnr? optically thin, so this solution is not self-consistent.
s™1): but no source is present in tHROSAT All Sky Survey Alternatively, the matter may be in photoionization eduili
within a radius of 0.3 around GRS 1915105 (we checked rium with the emission due to reflection of the primary X—ray
with the HEASARC tool PIMMS that such a source would bgadiation. To model this case, we adopted a power law with

well above the typical RASS detection limit; of course, thep the same photon index as the primary one (to model Thomson

sibility of a variable source cannot be ruled out). scattered radiation) plus a Gaussian line. In this casdSthle
Since the dust scattering is energy dependent, ignoringyg is larger,~1.5x10?2 cm2 (this value may be assumed as

possible halo componentleads to a distortion of the spedtiu an estimate of the ISM column densit§;)From the observed

a small energy band, because of an incorrect background sk, the optical depth of the wind is about 0.¢g®1where f

traction (depending on the distance from the source at whighthe covering factor of the wind to the primary radiatioheT

the background spectrum is taken); however, less soft pBoteentroid energy of the Gaussian lined(97 keV), its width (90

would be "observed”. A possibility is that we are includit@t eV), and its EW against the reflected continuum (5.6 keV), all

halo in the extraction region. Since there is no obvious dusiiggest a blend of Ne K and Fe L lines.

scattering model to fit the data, imaging may be the only way

to test the halo hypothesis: given the particular modestadiop

this sort of analysis is very flicult (and altogether impossible3.1.6. Other emission/absorption lines

in the burst mode). We only note that the dust scattering halo

observed in Cyg X-2 (Costantini et al. 2005) has quite a bro&dher emission and absoption lines are required to fit the-spe

spectrum (when normalized to the source spectrum), broattem. They are: two unresolved emission lines at about 1.85

than the feature under discussion. Another problem with tkeV and 2.25 keV, with E\WW19 eV and 8 eV, respectively; two

scattering halo hypothesis is that the relative contriouttf broad absorption lines at about 2.5 and 2.93 keV, witif 0.11

the excess is similar in the timing- and burst-mode obsenand 0.14 keV and EWSs 6f17 and-30 eV, respectively.

tions, which is possible only if most of the halo is within 16" g6 of these features may be instrumental artifacts, since

i.e. the width of the strip from which the timing-mode speatr ;. energy range is notoriously troublesome due to thegmn
was extracted.

Even if unsatisfactory in many respects, the two above-
mentlon_ed hy.po'FheseS have th(_':‘ me_rlt _Of invoking ex_tendae For the sake of simplicity we fitted the absorption with a pure
or off-axis emission, which can in principle help explain thgas photoelectric absorption (modelss in XSPEC). Using a more
presence of the excess in the pn spectra but not in the RG@gpropriate ISM model that includes th&eets of dust (TBes in
However, as the RGS spectrum is extracted over a regionxPEC, Wilms et al. 2000) does not change the results signific
about 2.5 arcminutes, the halo hypothesis seems to be @xtluthe fit returns basically the sangé and the same column density.




8 A. Martocchia et al.: The XMMNewton view of GRS 1915105

in the efective ared! However, some of them appear too
prominent to be entirely due to calibration problems. That fir
emission line can be readily identified with the & recom-
bination line. If arising from the same photoionized maibrig
responsible for the-1 keV excess (see above), its total EW§
would be about 16 keV, a very large but not fully unrealistig .
value, given the large overabundance we found in the local ab
sorber and provided that the reflecting matter is still aglyc 0
thin to resonant scattering (Matt et al. 1996), which is paes
if the matter is largely turbulent. The same is true for the- se
ond emission line, which can be identified withx8i and Sxu,
even if the best fit value of the energy is slightly lower. Q

More difficult to explain are the two broad absorption Iine'q‘?> ]lH ﬂwhl HW}#M
The energies correspond to the End K8 recombination lines  ~ 1{‘“‘} Hl f i it SN W
from Sxv. In this case, the absorbing material cannot be the e . . R
same as that responsible for the $en absorption line (see ! Enze ) 5
Sect.[3.1}4), since the latter is more ionized. It is alsotwor ~
recalling that the modeling of the absorption edges is dawvers Fig. 7. The spectrum and dataodel ratio of the burst-mode
plified, because it does not take into account X-ray abmptiobservation with the best fit model for the timing-mode obser
fine structures (XAFS), which are generated if the matesial Vation. Clearly, iron line emission is over-subtracted &me
in grains (e.g. Lee et al. 2002); this may introduce spuriodéficit at higher energies turns out to be more importantihan
features in the residuals, even if it cannot fully explaiarth OBS1; note again the strong excess dtkeV and the wiggles
Moreover, we again stress that it is not inconceivable tha@é~ 2-3 keV (cp. with Fig[]5).
significant part of these features are of instrumental origi
Data with higher energy resolution and optimized calilorati
are necessary to solve this issue.

100

50

o
N

2

The above-mentioned results are consistent with a picture
in which the disk is now more extended downwards and ionized
(in fact, so ionized that no significant relativistic irondiis ob-

3.2. The burst-mode observation served). The steeper spectrum can be due to the nfibcept
cooling, itself due to the increase in soft disk photons. fEoe

We fitted the burst-mode spectrum with the same model us@ét no thermal disk emission is required, however, imgheas

for the timing-mode spectrum, fixing those parameters tteat ahe values for the inner and outer radii must be used with cau-

not expected to vary. In particular, we fixed the interstedla tion. It must be noted that they are now determined only \aa th

sorption column density, the ratio between the elementatab reflection component, with all the associated uncertair{see

dancies of the local absorber, and the iron abundance of thecussion in the previous section), as no disk line is priese

reflection component at the best fit values obtained for the However, these results, especially those regarding the re-

timing-mode observation. A good fif%/d.0.f=248.2219) is flection components, can at least partly be an artifact due to

found. The best fit parameters are summarized in Table 2. calibration problems. A deficit of photons abovekeV, i.e.

In comparison with the timing-mode observation (segimilar to what we find (see Fif} 7), is indeed also present in
Fig. E), the spectrum is steepdr 2 instead of~1.7), and the burst-mode observation of the Crab Nebula (Kirsch et al.
the reflection component much strong® ¢ 1.7 instead of 2005), a source where of course no significant reflection com-
0.3) and more ionized4(~ 3300 instead of 940 erg cnTy. ponent is expected.

The inner and outer radii are much smallgr<€20, r, ~100). The 1 keV excess, which still persists, can again be well fit-
The local absorber is slightly larger, while the ionizedhicisk ted by a power law plus an emission line, the latter with a flux
lines are not detected (upper limits to the EW of about 10 eV felightly larger than that obtained in the timing-mode oliaer
both the He— and H-like lines. The Fe H-like absorption lirf&n. In the reflection scenario discussed in the previogs se
is still present, with a centroid energy of 68802, i.e. consis- tion, the optical depth is about a factor 10 larger, whichliesp
tent with both the rest frame value and the value obtaineukin ta much lower EW of the line. These findings can be explained,
timing-mode observation. The EW is larger, abeG0 eV, due at least qualitatively, by assuming that the matter is noektr
to the fact that the line is now best fitted with a resolved tvidto the lines, with consequent self-absorptidfeets (see e.g.
o of 0.11+0.03 keV. The 1.85 and 2.24 keV emission lines afdatt et al. 1996).
not required, with upper limits to the EWs of 5 and 2 eV, re-
spectively. A 6.4 keV iron emission line is instead marg'gnal4 Conclusions
found, with an EW of &4 eV. '
In this paper for the first time we have presented XNNdaton

11 See Figs.30 and 31 in the XMMewton User’s Handbookhttp://  Observations of GRS 1933.05. Several problems make it dif-
xmm.vilspa.esa.es/external/xmm_user_support/documentation/ ficult to observe the source fruitfully with this satellifest of
uhb/node32.html . all due to the extremely high flux — in our cad€i_10 kev ~
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6.0 + 6.6 (unabsorbeds 8.7 -+ 10.7) x10 % erg cnt? st —and and 3.1.5) have to be attributed to RGS calibration problems

to the notorious, erratic source variability, which doestmelp This assumption is still unsubstantied, and should be deghr

in triggering observations. We succedeed at both a) obsgrvas a mere working hypothesis. The excess is indeed well fitted
the source in a well-defined, stable physispéctral state and with a power law plus a line, unobscured by material that is

b) collecting EPIC-pn useful data, only marginally corregbt intrinsic to the system. The centroid energy of the Gaussian
by telemetry problems. line (~0.97 keV), its width (90 eV), and its EW against the

In both observations (April 17th and 21st, 2004), the sourceflected continuum (5.6 keV), together point to a blend of Ne
has been caught in a “plateau” state, also characterizedkgnd Fe L lines. The value of the equivalent H column density
stronger jet activity and higher radio level, which we idBnt is interestingly similar to the value of the obscuration tw Iz
with the conventional “C” statgy variability mode as defined elements (H, He, C, N, O) at the source cofgy—~ 1.6 x 1072
by Belloni et al. (1997a,b, 2000). In this state the sourosvsh cm2: in the disk wind hypothesis, this may therefore be taken
a QPO at~ 0.6 Hz, i.e. what is expected in plateau intervalas an upper limit to thterstellar matter column density. This
when the frequency vs. spectral hardness correlation entakalue matches the expected galactic absorption in thattaire
into account. well (Dickey & Lockman 1990).

In order to try to disentagle the férent spectral compo-  On the other hand, a significant fraction of the absorber
nents, and thus to better discriminate among the viable-spawst belocal to the source. We adopted a variable absorption
tral/physical models, we used thens vs. E method by Ponti model §arass in XSPEC), assuming neutral matter and group-
etal. (2004). The resultingnsis lower than 0.1 across the ening the elements on the basis of both physical and practical c
ergy band. We further analyzed the variablg,, which takes siderations: elements which have probably a common origin,
the Poisson noise into account, and concluded that thiahMari but also elements which are not very abundant (and therefore
is compatible with being null on the whole energy band, ille. &annot be easily measured independently one from the other)
spectral components are compatible with being constamglurwith very abundant ones (e.g. Co and Ni with Fe): see the re-
the two observations. sults in Tabld]1. A significant overabundance of the heavier e

A priori, some of the features in the spectrum may be aéments compared to the lighter ones is apparent, which sug-
fected by dust halo scattering, although this cannot exjphe gests that a significant fraction of the absorber, traceddayh
1 keV excess (see Sect. 3.1.5). However, testing this hggisth ier species, is local to the source. These results are soatewh
would first of all require an accurate analysis based on propkfferent from those derived frohandra HETG data (Lee et
source imaging (if available); further, spectral modgliof al. 2002): in particular, Fe and S abundances are roughly the
such dtects is not easy (see e.g. Costantini et al. 2005). Beisgme, while our values for Mg are about twice, ay@ifar Si.
beyond the scope of this paper, this study should be addiesshe overall scenario is, however, very similar.
in future works. Clearly, the intrinsic absorption may be subject to substan

We adopted a power law continuum model. This could gl changes on longer timescales, as already observed with
related to emission by a hot corona or to Comptonized thernRssi-XTE in similar plateaux (clasg, state C): from a mean
emission e.g. from the jet basis (as proposed by Rodriguez/glue of~ 4.5 x 10?2 cm 2, the totalNy may occasionally rise
al., 2004); however, an optically thick reflector is reqdite up to~ 6 x 10?2 cm2 (Belloni et al. 2000).
account for the smeared edge-a¥ keV (with a covering ra- Assuming the customary value of 125 kpc for the

tio of ~ 0.4 + 1.7 x 2r in the two observations, respectively)source’s distance (Rodriguez & Mirabel, 1999) we obtain an
This may be evidence of an accretion disk being presentsbr jdstimate of the intrinsic Iuminosillygnabs =17-20x10%®

optically thick, only at quite a large distance from the caht erg s in the two observation® 1o kev
compact object, at least in the first observatiorirg > 300

in OBS1,~ 20 in OBS2). The relatively large amount of the

reflection components implies that the primary X—ray emggti 5. Acknowledgments

region should have a size that is at least comparable to the jn . . .
ner disk radius. That the disk is truncated, i.e. not pre'ss’entThe authors would like to thank Stefano Bianchi, Laurence

the innermost part, is also suggested by the non-detectian gomn, Massimo Ca_ppl, I\_/IlchaI-Dovuak, Ken Ebisawa, Yael
thermal disk emission component. Fuchs, Matteo Guainazzi, Mariano Mendez, Markus Kirsch,

Several line residuals are superimposed on the modefy Miller, Christian Motch, the anonymous referee, and the

continuum. Part of these may be due to calibration uncerta nole XMM'Ne“tO; Herl]pqleslkhs'iﬁ z??t\(/jil_spg\ for men)(/;ase-
ties, especially at the energies where changes in the ERPIC suggestlpns and technical help. Ra 10 ata at >z were
fective area take place (e.g. 1-3 keV). However, we fourarcle served with the Ryle Telescope, Cambridge, and kindly sup

evidence of ionized iron emission around keV: data are well pliled by Guy P_c()onZ{)Ross—XTE ASMI\/EG'" Sléy M?]nitSQTrE-SOF
fitted with two ionized Fe I lines, possibly fiected by mild sults were provided by the teams at and atthe

relativistic broadening (being produced far away from thé Band GOF at NASAs GSFC. AM V.ViSheS to thar_1k t_he French
event horizon), plus a narrow absorption feature &t95 keV. Space Agency CNES, the University Paul Sabatier in Toulouse

The puzzling presence of an intense, broad excess arountlgome authors claim that the distance could be substantially
keV can be explained in terms of reflection by an opticallp thismaller (by up to a factor 1/2: see Chapuis & Corbel 2004), in which
wind, provided that the feature is real and that the disareiga case a corresponding correction of the luminosity (and Bldshesti-
between the RGS and pn spectra (discussed in Sections 2n2afe should be considered.




10

and the CNRS Research Group “Phénoménes Cosmiq

A. Martocchia et al.: The XMMNewton view of GRS 1915105

Les, J.C., et al. 2002, ApJ 567, 1102

de Haute Energie” for financial support, as well as thidaccarone, T.J., 2002, MNRAS 336, 1371
Astronomical Institute of the Czech Academy of Sciences fdfartocchia, A., Matt, G., Karas, V., Belloni, T., Feroci, BD02, A&A

their very kind hospitality. TB acknowledges partial supy
grants INAF-PRIN 2002 and MIUR-PRIN 200302756@4.

VK acknowledges the grant ref. GAAV IAA300030510. GP
thanks the European Commission under the Marie Curie Early

Stage Research Training program for support.

References

Anders, E., & Grevesse, N. 1989, Geochim. et Cosm. Acta 58, 19

Belloni, T., Mendez, M., King, A.R., van der Klis, M., & van Ratijs,
J. 1997a, ApJ 479, L145

Belloni, T., Mendez, M., King, A.R., van der Klis, M., & van Ratijs,
J. 1997b, ApJ 488, L109

Belloni, T., Klein-Wolt, M., Mendez, M., van der Klis, M., &an
Paradijs, J. 2000, A&A 355, 271

Belloni, T., Homan, J., Casella, P., van der Klis, M., NegpBl,
Lewin, W.H.G., Miller, J.M., Mendez, M. 2005, A&A, in press

387, 215
Martocchia, A., Matt, G., Karas, V., Belloni, T., Feroci, 2004, in:
Proc. Il BeppoSAX Symposium,The restless high-energy uni-
verse, Amsterdam (The Netherlands), B582003. Eds. E.P.J. Van
den Heuvel, J.J.M. In't Zand and R.A.M.J. Wijers, Elseviducl.
Physics B (Proc. Suppl.) 132, 404
Matt, G., Brandt, W.N, Fabian, A.C. 1996, MNRAS, 280, 823
Miller, J.M., Fabian, A.C., Nowak, M.A., Lewin, W.H.G., 280
in: Proc. 10th Annual Marcel Grossmann Meeting on General
Relativity, in press -astro-ph/0402101
Mirabel, I.F., & Rodriguez, L.F. 1994, Nature 371, 46
Muno, M., Remillard, R., Morgan, E. et al. 2001, ApJ 556, 515
Ponti, G., Cappi, M., Dadina, M., Malaguti, G. 2004, A&A 44”1
Pooley, G., & Fender, R., 1997, MNRAS 292, 925
Reig, P., Belloni, T., van der Klis, M. (2003), A&A 412, 229
Rodriguez, L.F., & Mirabel, I.F. 1999, ApJ 511, 398
Rodriguez, J., Corbel, S., Hannikainen, D.C., Belloni,Pajzis, A.,
Vilhu, O. 2004, ApJ 615, 416

Bianchi, S., Matt G., Nicastro F., Porquet D., Dubau J., 2005’rudolyubov S.P. 2001, ApJ 558, 276

MNRAS, 357, 599

Boirin, L., Mendez, M., Diaz Trigo, M., Parmar, A.N., Kaaastr].S.
2005, A&A 436, 195

Castro-Tirado, A.J., Brandt, S., & Lund, N. 1992, IAU Cirauh.5590

Chapuis, C., & Corbel, S. 2004, A&A 414, 659

Costantini, E., Freyberg, M.J. & Predhel, P. 2005, A&A — ire$s:
astro-ph/0508129

Dickey, J.M., & Lockman, F.J. 1990, ARA&A 28, 215

Done, C., Wardzinski, G., Gierlinski, M. 2004, MNRAS 349,339

Ehle, M., Breitfellner, M., Gonzalez Riestra, R., Guainia., et
al. 2004, “XMM-Newton Users’ Handbook” Issue 2.2, online
edition —http://xmm.vilspa.esa.es/external/xmm_user_support/
documentation/uhb/index.html

Fender, R.P., et al. 1999, MNRAS 304, 865

Fender, R., & Belloni, T. 2004, ARA&A 42, 317

Feroci, M., Costa, E., Matt, G., Belloni, T., Tavani, M. 1998ucl.
Phys. B (Proc. Suppl.) 68-3, 336

Foster, R.S., Waltman, E.B., Tavani, M., Harmon, B.A., Za®.N.,
Paciesas, W.S., Ghigo, F.D. 1996, ApJ 467, L81

Fuchs, Y., Rodriguez, J., Mirabel, |.F. et al. 2003, A&A 4035

Greiner, J., Morgan, E.H., & Remillard, R.A. 1998, New AfRev.
42,597

Greiner, J., et al. 2001, A&A 373, L37

Greiner, J., Cuby, J.G., & McCaughrean, M.J., 2001, Natark 822
(2001b)

Hannikainen, D.C., Vilhu, O., Rodriguez, J., et al. 2003, A&11,
L415

Hannikainen, D.C., et al. 2004, in: Proc. of the SINTEGRAL
Workshop, Munich 16-20 February 2004. Published by EDP —
press:astro-ph/0405349

Hannikainen, D.C., Rodriguez, J., Vilhu, O., et al. 2005, A&35,
995

Harlaftis, E.T., & Greiner, J. 2004, A&A 414, L13

Homan, J., & Belloni, T. 2005, in: Proc. of the Workshop “Fréamay
Binaries to Quasars: Black Hole Accretion on All Mass Scales
Eds. T.J. Maccarone, R.P. Fender, L.C. Ho (Dordrecht: Kijywe
in press — in pressstro-ph/0412597

Kirsch, M. 2005, “EPIC Status of Calibration and Data Anays
XMM-SOC-CAL-TN-0018 —http://xmm.vilspa.esa.es/external/
xmm_sw_cal/calib/documentation/index.shtmI#EPIC

Kirsch, M., et al. 2005, “Crab: the standard X-ray candlehvat
(modern) X-ray satellites” astro-ph/0508235

Wilms, J., Allen, A., McCray, R. 2000, ApJ 542, 914

in



A. Martocchia et al.: The XMMNewton view of GRS 1915105 11

NH,Hec.N.O
NNe,Na
NMg,AI

Ns;
Ns
NCI,Ar,CaCr
NFeCo,Ni

E
Fi
EW

E
Fi
EW

E
Fi
EW

Ec
ri/rg

EW

Ec
ri/rg

EW

R/2x
Are
3

I'i/l'g
F2_10 kev

Y?/d.of.

Power law

16863222

Cold absorption
1.60'927 x 10P% cm2
7.46'03L x 1072 e 2
7.570% % 1072 cm 2

5.70§§f§§ x 1072 e 2
469297 x 1072 cm 2
11.012 x 1072 cm?
11.755 x 1072 cm2

Emis. lines
1.84655% keV

1.3501x 102 phcm? st

19eV

2244997 keV

3.62:046 x 1073

048 phcnr? st
8eV

Abs. line
6.9509% keV
-7.9%2x 10* ph cm? 572
eV
1 eV (frozen)

1st disk line (He-like Fe)
6.7 keV (fixed)
580350

2.37918x 10 phem? st

28 eV

2nd disk line (H-like Fe)
6.96 keV (fixed)
3208

2.20%19 % 102 phcnr? st

=0.21
28 eV

Reflection
0.355%2
5.233
94072%° erg cm st
320

~ 0.6 (unabs~ 0.87) 108 erg cm? s*

317.5227

Power law

r 2.0473%

Cold absorption

NH,He,C,N,O 198:88% x 1072 cm2
Reflection
R/2x 1.69°916
ri/rg <20
o/Tg 9317
& 330083 erg cm s?

Fo10kev | ~ 6.6 (unabs~ 10.7) 10° erg cnr? st

x?/d.o.f. 248.2219

Table 2. The best fit model parameters for the burst-mode ob-
servation (OBS2). See the text (Sdct] 3.2) for details.

Table 1.The best fit model parameters for the timing-mode ob-
servations. The column densities are the Hydrogen equivale
column for solar abundances as in Anders & Grevesse (1989).
The outer radii of the reflection and disk line models havenbee

linked together in the fit, yielding,/rq = 900723 r; in the 2nd
disk line model has been linked together tmf the reflection

—-90

component. See the text for further discussion.



