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INTEGRAL observations of the black hole
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Abstract. INTEGRAL made 3 observations in 2003 April of the black hole candidate H4323 during the rising part, and
close to the maximum, of an outburst. H 17822 was previously observed in outburst in 1977-1978. The source is located
in a crowded region of the sky & 357, b = —-2°) and at least 18 sources are clearly detected in the field of view of the
ISGRI gamma-ray imager during a 277 ks exposure. These are well known persistent X-ray binary sources and 3 transier
sources in outburst. The combined 5-200 keV JEM-X and SPI spectrum of H3223s well fit with an absorbed ((Qj‘z‘;g) X
10?2 atom cmi?) soft (photon index Z0 + 0.09) power-law model, consistent with H 174®2 being in a higlsoft state.
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1. Introduction oscillations with a period 0+20 s, but no coherent pulsa

) tions were detected. The PCA spectrum is consistent wit
The transient X-ray source H 174322 (also referred to as

- > - 7power-law with a photon indexy, of 1.49 + 0.01 and an ab-
1H 1741-322) was discovered during an outburst in 197 sorbing columnNy, of 2.4 x 1072 atom cni2. These timing

1978 using the HEAO-1 and Ariel V satellites (Doxsey et anq gpectral properties are consistent with H 17822 be-
1977, _Kalu2|e_nsk| & Holt 1977). Thg X-ray spectrum Was Verfyy a black hole candidate. The most commonly used pc
soft with, at times, a power-law tail extending +d00 keV tion for H 1743-322 is from the HEAO A-1 catalog (Wood

(Cooke et al. 1984). Due to these spectral _characteristg:tsaL 1984). However, as Markwardt & Swank (2003b) poi
H1743-322 was proposed as a black hole candidate by Whii§; the HEAO 1 Modulation Collimator (MC) instrumen

& Marshall (1984). H1743322 was not observed subSeyetermined two equally probable positions for H 17832
quently, although there was a detection on 1984 August 3 rsky et al. 1978). The HEAO A-1 catalog reports tt
by the non-imaging EXOSAT Medium Energy instrument dufyestern position. The eastern MC position is consistent w
ing a slew maneuver, of a fainty mCrab) source at a positione |NTEGRAL position. Thus, it is highly probable that th
consistent with that of H 174322 (Reynolds et al. 1999). ¢4 ,rce observed by INTEGRAL and RXTE in 2003 is inde:

On 2003 March 21, when INTEGRAL was performingq 1743-322 undergoing another outburst.
scans of a region of sky close to the galactic centre, a bright pyring the 2003 outburst a compact variable radio sou
source was detected in the field of view of the gamma-ray ifyas found with the VLA at a position consistent wit
ager and designated IGR J174@213 (Revnivtsev et al.2003).4 1743-322 (Rupen et al. 2003). Infrared imaging revealec
Subsequent observations showed that the source flux had"i@y candidate with a K band magnitude efl3-14 (Baba
creased by a factor 3 by 2003 March 26. During an RXTE; a|. 2003) which may also be visible Inand R-band im-
Pro.portlonal Counter Array (PCA) scan of the galactic bulggyes obtained with the Magellan-Clay telescope (Steeghs €
region on 2003 March 25, Markwardt & Swank (20038)003). The best location for H174322 is probably the re-
reported the detection of a new source which they defgedyviA position of RA= 17'46"15608, Dec= —32°140/6

ignated XTEJ1746322. They noted that the source wagj2000) with an uncertainty af0’'5 (Steeghs et al. 2003).
positionally consistent with IGRJ17468213. PCA obser-

vations on 2003 March 28 revealed strong quasi-periodic
2. Observations

Send gprint requests toA. N. Parmar, e-mailaparmar@esa.int h load inkl | .
* Based on observations with INTEGRAL, an ESA project witﬂ- e INTEGRAL payload (Winkler et al. 2003) consists ¢

instruments and science data centre funded by ESA member sti¢$® 9amma-ray instruments, one of which is optimized f
(especially the Pl countries: Denmark, France, Germany, Ital® keV to 10 MeV high-resolution imaging (IBIS; Ubertin
Switzerland, Spain), Czech Republic and Poland and with the partigt-al. 2003) and the other for 20 keV to 8 MeV high-resolutic
pation of Russia and the USA. spectroscopy (SPI; Vedrenne et al. 2003). IBIS provides

Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20031140


http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20031140

L422 A. N. Parmar et al.: INTEGRAL observations of H 17822

Table 1. Observation log. During each observation INTEGRAL per- The data from the 3 observations were processed using the
formed its standard & 5 dither pattern centered close to H1#822 Off-line Scientific Analysis (OSA) software provided by the
with a step size of 2and an exposure of 2200 s at eactiNgdointings. INTEGRAL Science Data Centre (ISDC; Courvoisier et al.
2003). This includes pipelines for the reduction of INTEGRAL
Obs  Start Time (UTC) End Time (UTC) N  Exp (ks) data from all four instruments. The 3 high-energy instruments
Lmaoeisan A O7ieds 34 ras R e O o1 view (FOV) e
2 2003 Apr. 14 00:21 Apr. 15 06:13 46 101.2 ~ 7" . .

3 2003 Apr. 21 06:24  Apr.2214:16 46 1012 distributed over the detector area in a pattern determined by the
position of the source in the FOV. Source positions and inten-
sities are determined by matching the observed distribution of
counts with those produced by the mask modulation.

H1743-322 — RXTE/ASM daily averages

3 I O y

— I.
= i 3. Resdlts
i o * :‘ e oo 1
T ¢ '4 ‘ %, ] Since H1743 322 is located close to the galactic centre=(
S el A * 0".:‘ i 357, b = —2°) where many bright X-ray sources are located,
% »° W~ + images of the region of sky observed by IBIS were produced
b L[]

I in order to ensure that H174322 could be resolved from any
° m o Q nearby sources and to study the surrounding field. ISGRI im-
e 1 A ages were produced in the 15-40 keV, 40-100 keV and 100-
7 ] 200 keV energy ranges by summing data from the 126 indi-
or 1 vidual pointings of all 3 observations. H 174322 was clearly
i ] detected in all 3 images which were then combined into a single
. multi-color image (Fig. 2). At least 18 sources are clearly evi-

Hardness (5—12 keV/2-5 keV)

I : !" - ] dent and can be identified with well known persistent X-ray bi-

af "’.v:.‘: “4 A D V;.. ¢ naries or transients such as IGR J1763624 (Kuulkers et al.
¢ ] 2003) which were active at the time. The spectral capability of

R ] ISGRI is well demonstrated by the various colors dfetient
100 150 types of sources in Fig. 2. Low-mass X-ray binaries with neu-

Days from 2003 Jan 1

tron star compact objects such as GXI5 GX 9+1, GX 3+1,
Fig. 1.2-12 keV RXTE ASM light curve of part of the 2003 outbursiGX 349+2, 4U 1826-303, 4U 1735444 and 4U 1728337 ap-
of H1743-322 (upper panel). The lower panel shows the hardnesgar as reddish objects, consistent with their “soft” spectra,
ratio (counts between 5-12 keV divided by those between 2-5 kehile sources such as 1E 17402042 and IGR J170913624,
K‘?gggifi'{)ssg:v‘ggsgl(gﬁe'T;'C""te the start and end times of figio, may contain black holes, appear blue due to their
“harder” spectra. Closer examination of the “tail” extending
from 1E 1740.7#2942 indicates that this is probably unresolved
emission from a number of known X-ray point sources (Fig. 3).
angular resolution of Y2ull-width at half-maximum (FWHM) Figure 4 shows ISGRI 15-40 keV and 40-100 keV back-
and an energy resolutiok/AE, of ~12 FWHM at 100 keV. ground subtracted light curves of H174®2 with a binning
SPI provides an angular resolution 6VFWHM and arE/AE  of 2200 s. The lower panel shows the hardness ratio (counts
of ~500 FWHM at 1.3 MeV. The extremely broad energy ranga the energy range 40-100 keV divided by those between 15—
of IBIS is covered by two separate detector arrays, ISGRI (189 keV). The intensities during the first 2 observation are sim-
500 keV) and PICsIT (0.2-10 MeV). The payload is completalar, while during the third observation the source is clearly
by X-ray (JEM-X; 3-35 keV; Lund et al. 2003) and opticabrighter and more variable. In contrast to the ASM 2-12 keV
monitors (OMC;V-band; Mas-Hesse et al. 2003). The instrihardness ratio (Fig. 1), the 15-100 keV ISGRI hardness ratio
ments are co-aligned and are operated simultaneously. increased slightly as the source intensity increased.

As part of a Target of Opportunity programme on known Attempts to extract ISGRI spectra of H 174®2 using
black hole candidates, 3 INTEGRAL observations of the regi@SA v 1.1 were unsuccessful. Following discussions with the
of sky containing H 1743322 were performed, each separate&DC this is likely due to a known limitation of the software,
by about one week (Table 1). The 2-12 keV RXTE All-Skespecially in crowded fields, which will be fixed in a future
Monitor (ASM) light curve and hardness ratio plots of part ofelease. We were unable to combine PICsIT data from individ-
the 2003 outburst are shown in Fig. 1 with the times of th&al 2200 s pointings, so these data were not considered further.
INTEGRAL observations indicated. These took place durirfgigure 2 was examined to see if there are any strong sources
the initial ~30 day rising part of the outburst, with the third obelose to H 1743322 which could cause source confusion in
servation close to the 2—-12 keV outburst maximum. The hai@PI with its 27 FWHM spatial resolution. The closest such
ness ratio plot indicates that H 17432 became softer as thesource is 1E 174072942 which is 25 away, and well resolved
intensity increased towards the maximum. in SPI images. No such problems are expected with JEM-X
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Fig. 2. A color coded ISGRI image of a region of sk27 x 27° centered close to H 174322. Identifications of the brighter sources at
shown in the left panel. The exposure is 277 ks and the 15-40 keV, 40-100 keV, and 100-200 keV intensities are displayed in red, ¢
blue, respectively. Low-mass X-ray binaries containing neutron stars (e.g.-GXtave “soft” spectra and appear as reddish objects, wi
black hole candidate sources such as 1E 174942 appear blue due to their “harder” X-ray emission. The 15-200 keV count rate '
H1743-322 is~20 times that of GX 31, one of the faintest identified sources in the image. The structured background is due to rem
uncertainties in the instrument response modeling.

with its 3 FWHM spatial resolution and so the subsequenbrmalisation was left free in the fitting to account for systel
spectral analysis concentrates on JEM-X and SPI. atic uncertainties in the instrumental responses and the r

During parts of the 5 5 dither patterns H 174322 was simultaneity of the spectra. We note that there were no la
outside the JEM-X FOV and only JEM-X spectra for the poinfhanges in hardness ratio during this observation (Fig. 4).
ings when H 1743322 was close to the center of the FO\Rbsorbed power-law model gives= 2.70 + 0.09 andNy =
were extracted. In order to search for any intensity depe-5'33) x 10?2 atom cn? with ay? of 140 for 122 degrees of
dent Spectral Changes in the JEM-X energy range, On_agfﬁedom. The best-fit value for the relative JEM-X normalis
spectra during low (2003 April 15 00:26 UTC to 01:03) andion is 0.55 and the 5-200 keV flux corresponds to 210 mCr
high (2003 April 21 14:55 UTC to 15:32) count rate intervals The SPI spectrum is slightly harder than that from JEM-,
were selected (Fig. 5). An absorbed power-law model was lfiis unclear whether this is due to uncertainties in data extr
to both spectra to giver = 3.00%021 and 327338 and Ny tion andor instrument calibration, or additional complexity il
<4 x 10?2 atom cm? and <2 x 10? atom cm? for the low the source spectrum, perhaps caused by the presence of
and high count rate intervals, respectively (all spectral uncdection component. We note that signatures of Compton refl
tainties and upper limits are given at 90% confidence). Thuagn are apparant in the RXTE PCA spectrum of Markwardt
there is some evidence for the source spectrum softening wivank (2003a). As the somewhat structured residuals in Fil
increased 4-20 keV intensity, consistent with the change safiow, there may be additional features in the SPI backgro!
in the 2-12 keV ASM data (see Fig. 1). The upper-limitdip which are not properly accounted for in the extraction proce
are consistent with the absorption ok 20?* atom cn1? in the
direction of H 1743-322 (Dickey & Lockman 1990). In the 5—

20 keV energy range the best-fit absorbed fluxes correspond tq.. .
90 and 400 mCrab during the 2 intervals. ﬂ Discussion

A SPI spectrum was created from data obtained betwedie report on 3 INTEGRAL observations in 2003 April 0
2003 April 14 01:11 and April 15 06:17 UTC. Initial attemptghe poorly studied black hole candidate H 17822 dur-
to extract SPI spectra resulted in very structured residualsiiig the rise and close to the maximum of an outbur
which background features were clearly visible. These wddafortunately, it is not yet possible to extract an ISGRI spe
also evident in the image reconstruction process where 3 inum of H 1743-322. The combined 5-200 keV JEM-X an
dividual pointings contributed excessively to the tgtdland SPI spectrum was successfully fit with an absorbld &
were excluded from further analysis. The resulting exposui5 *33) x 10?2 atom cn?) soft (@ = 2.70+ 0.09) power-law
time is 98.7 ks. The 25-200 keV SPI spectrum was fittedodel. Based on this spectral shape, and the sntédreinces
together with the 5-20 keV JEM-X spectrum obtained duin hardness ratio between the 3 observations, the source
ing the low-count rate interval. The JEM-X to SPI relativén the canonical higisoft state observed from many black hol
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Fig. 3. A 15-40 keV ISGRI 3.2 x 3.5 image of the diuse “tail”
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Fig.5. JEM-X spectra of H 1743322 during low and high count rate
intervals (see text) fitted with absorbed power-law models.

seen in Fig. 2 obtained using data from all 3 observations. Sources

listed in the 0.7-10 keV ASCA galactic center catalog (Sakano et al.
2002) are numbered and identified below. The scaling is linear with

the counts in brightest pixel of source 16 (1E 174@2942)~10 times
more than in that of source 2. It is likely that the “tail” results

from the superposition of emission from a number of point source

1= GRS 1734-292, 2= RXJ1738.4-2901, 3 XTEJ1739-302, 4=
AXJ1739.3-2923, 5 AXJ1739.5-2910, 6= AXJ1740.1-2847, =
AXJ1740.2-2903, 8= AXJ1740.4-2856, 9= SAXJ1740.5-3013,
10= AXJ1740.5-2937, 1= SLX 1737-282, 12= AX J1742.5-2845,
13 = AXJ1742.6-3022, 14= AXJ1742.6-2903, 15= AXJ1743.9-
2846, 16= 1E1740.7-2942, 1= GROJ1744-28, 18 KS1741-
293, 19= GRS 1741.9-2853, 26 AXJ1745.6-2901, 2% SgrA*,
22 = A1742-294, 23= 1E1743.1-2843, 24 AXJ1747.0-2828,
25=AXJ1747.0-2837, 26 AXJ1747.1-2809, 2& SNR G0.9-0.1,
28=SLX1744-299, 23 SLX 1744-300, 3G=- XTE J1748-288, 3&
AXJ1748.3-2854, 3Z HD 316341, 33= SAX J1750.8-2900.
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Fig. 6. The combined 5-200 keV JEM-X (red) and SPI spectrum of

H1743-322 fitted with an absorbedv(= 2.70) power-law model.
The contributions tg are shown in the lower panel.

candidates (see e.g., McClintock & Remillard 2003) during all
3 observations.

Close to the previous outburst maximum, in mid-September
1977, H1743 322 exhibited a 25-180 keV power-law spec-
trum with @ = 2.6 + 0.2 (Cooke et al. 1984), similar to that
measured here. Six months later the 1-10 keV intensity had
fallen by a factor of 10 (Wood et al. 1977), but the intensity
at ~100 keV had hardly changed (see Fig. 2 of Cooke et al.
1984), consistent with a hardening of the spectrum with de-
creasing intensity, as seen during the 2003 outburst (e.g., Fig. 1)
and the power-law of 1.49 + 0.01 measured by the PCA ear-
lier in the outburst (Markwardt & Swank 2003a). The PCA
Ny of 2.4 x 10?2 atom cm? is consistent with that reported
here suggesting that the absorption did not change strongly,
at least during the early part of the outburst. There is no evi-
dence in the INTEGRAL data presented here, nor in the PCA
data of Markwardt & Swank (2003a), for an additional low-

Fig. 4. ISGRI 15-40 keV and 40-100 keV background subtracteshergy component. However, such a component was detected

with a binning of 2200 s.

et al. 2003) andnay have been seen during the 1977-1978
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outburst by HEAO 1 (R. Doxsey 1980, private communic#@oxsey, R., Bradt, H., Fabbiano, G., et al. 1977, IAU Circ., 3113
tion in Cooke et al. 1984), but no published spectrum can Beontera, F., Costa, E., Dal Fiume, D., etal. 1997, A&AS, 122, 371
found. A more detailed analysis of the INTEGRAL data wilGoldwurm, A., Ballet, J., Cordier, B., et al. 1992, ApJ, 389, L79
allow a sensitive search for this component, the signature @frsky. H., Bradt, H., Doxsey, R., et al. 1978, ApJ, 223, 973
reflection, and for the 511 keV annihilation feature observ:%'glr:;g'n \;II;iMLI”?]r, ‘;L- m),ltwsungnfg%s.,Iztjacliifc?ogbg;el’ 162
nggr)n]_;haenzla(flégilfgﬁgil?g§3$5rgﬁ4fg(gg?.UChet etal. Kuulkers, E., Lutovinov, A., Parmar, A., et al. 2003, ATel, 149

h . . Lund, N., Brandt, S., Budtz-Jagrgensen, C., et al. 2003, A&A, 4]
Finally, H1743-322 is located in a crowded part of the | 55, 9

sky and at least 18 sources are clearly detected in the 1B}Grkwardt, C. B., & Swank, J. H. 2003a, ATel, 133
FOV. These are well known accreting X-ray binaries as wal|arkwardt, C. B., & Swank, J. H. 2003b, ATel, 136
as 3 transients in outburst. These observations very well illugas-Hesse, M., Gieriez, A., Culhane, J. L., et al. 2003, A&A, 411
trate the important role that INTEGRAL can play in the study L261
of bright galactic X-ray sources, especially in crowded regiotdeClintock, J. E., & Remillard, R. A. 2003, preprint
of sky where non-imaging instruments such as the BeppoSAX [astro-ph/0306213]

Phoswich Detection System (15-300 keV; Frontera et al. 19g¥§vnivisev, M., Chernyakova, M., Capitanio, F., etal. 2003, ATel, 1
may have diiculties with source confusion. Reynolds, A. P., Parmar, A. N., Hakala, P. J., et al. 1999, A&AS, 1.
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