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As part of a long INTEGRAL monitoring, started in 2003 to discern the soft gamma-ray charac-
teristic of 4U 1722-30, we report here on source results of the recent activity and in particular
of the 2008 outburst. From the INTEGRAL and ASM/RXTE light curves, the hardness intensity
diagram and spectral analysis using data from JEM-X and IBIS instruments we will show this
outburst is different from previous ones. In fact during this two months - long outburst the source
was in a hard spectral state characterized only by a different flux rate when compared to the hard
spectral state out of the outburst period. Data are well explained with a Componization model

with an electron temperature of 2833 keV and no soft blackbody component is required.
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1. Introduction

4U 1722-30, also known as GRS 1724-30, is a bright LMXB located in the Globular Cluster
Terzan 2 [4]. The observed Type 1 X-ray bursts indicate that the compact object is a weakly
magnetized neutron star [4], [5]. The timing properties outlined with RXTE observations suggest
that its timing properties are typical of an atoll source [6]. 4U 1722-30 is a persistent though
variable source, and it is one of the first neutron star systems from which hard X-ray emission (E
>35 keV) was detected by SIGMA characterized by a power law spectrum with photon index I'
~1.65 extending above 100 keV [7], while no emission above 10 keV was reported by EXOSAT
[8]. The first broad band observation with BeppoSAX and RXTE allowed to get a detail spectra
behavior with a Comptonized spectrum extending up to 200 keV, plus an additional soft component
(below 3 keV), described by a blackbody emission [3].

2. The monitoring of 4U 1722-30: the 2008 outburst

The observation period covers from 15 February 2007 to 18 April 2009.
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Figure 1: INTEGRAL and ASM/RXTE light curves of 4U 1722-30 during the recent 2008 period outburst.

IBIS observation period (revolution from 530 to 795) is composed by a total of 1840 pointings
(science windows, scws) each lasting about 2000 seconds, with the source within 9 degrees from
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the centre of the FOV, while for the spectral analysis only pointings with the source within 4.5
degrees from the centre (FCFOV) have been used yielding to a total of 724 scws. For JEM-X
only pointings with the source within 2.4 degrees from the center of the field have been used
corresponding to a total of 216 scws. To have a largest and continuous soft X-ray coverage, public
data of the ASM/RXTE are also used (from the web site: http://xte.mit.edu/ASM_Ic.html).

The INTEGRAL analysis has been performed using OSA 9.1 [2] and by using the hardware
capability of the AVES cluster, release 1.4 [9]. For the spectral analysis the XSPEC software v.12.4
[1] has been used. A systematic error of 0.02 has been added to the spectral data. The instrument
constant was fixed to 1 for IBIS and keep left for JEM-X.

Figure 1 shows the light curve of the whole observation period with data from ASM/RXTE in
the 2-12 keV band, from JEM-X in the 4-10 and 10-20 keV bands and from IBIS in the 20-30, 30-
60 and 60-120 keV bands, at detection level greater than 3 sigma. From the light curve, we define
the "outburst period” the time interval 54420-54730 MID, the "peak outburst period” the time
interval of the rise and peak of the outburst at 54420-54470 MJD, the "after outburst period" the
time later than 54730 MJD, the "before the outburst " time before 54420 MJD and as the "outside
the outburst" the time before 54420 and after the 54730 MJD.

The outburst started at 54426 MJD and the flux during the "peak period" reached 200 mCrab
in the 2-12 keV soft X-ray band while unfortunately there was not INTEGRAL higher energy
coverage. During the "outburst period" we detected a high flux level up to high energy bands as
evidenced by INTEGRAL coverage (up to 100 mCrab in the 20-30 keV band and 90 mCrab in the
60-120 keV band) for a long period spanning from February 2008 to October 2008. Overall this
period, the source was in a hard spectral state as explained in the next section. We note that the
source returned to the same mean low flux level in each energy bands during both periods of "after
outburst" and "before outburst".
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Figure 2: Hardness—intensity diagram with IBIS-JEM-X data (left) and JEM-X only data (right) color—
intensity diagram of only last outburst data. The colors identify the speA (red) and speB (green) data sets
(see Table 1).
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3. The hardness intensity diagram and the spectral states evolution

In Figure 2 it is showed the hardness intensity diagram of the IBIS and JEM-X simultaneous
pointings of the whole observation period. The hardness and intensity are respectively defined as
the ratio of the rate (B/A) and the sum of the rate (A+B) where A= 4-10 keV, B= 10-20 keV for
JEM-X data (Figure 2, right) and A=4-10 keV and B= 20-30 keV for IBIS-JEM-X data (Figure
2, left). Comparing the JEM-X data only with the combined IBIS-JEM-X data no difference is
noticed. We note that the source moves in the diagram only changing in flux and not in the hardness
value so that it is not expected an evident spectral variation during the observations.

We divided the pointings in the diagram of Figure 2 in two groups for which we extracted the
two summed-in spectra. The green data correspond to a high flux spectrum of the "outburst period"
of the source while the red data correspond to the low flux spectrum of the "outside outburst period"
of the source. The total exposure time is of 111 ks for IBIS and 39 ks for JEM-X for red spectrum
and 142 ks for IBIS and 51 ks for JEM-X for the green one.

Table 1: Spectral fitting results for the JEM-X and IBIS spectra of 4U 1722-30. The model is CompTT.

parameters  speA (red data)  speB (green data)
kTy (keV)*  1.11 0.85

kT, (keV)  33.0016%33 28.5312798

T 0.7170:¢ 1.087033
NOrMCompTT 2.983:3@ x 1072 7.24f§:é§ x1073
x*(d.o.f) 0.64(42) 1.03(41)

Fy ooev?  3.76x10710 8.52x 10710
F_200kev  3.62x1071° 8.42x10°10

“Fixed parameters

bThe Fluxes are in units of erg s~ cm
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Figure 3: JEM-X and IBIS spectra of 4U 1722-30 during the last observations. Left: red data (speA); Right:

green data (speB).
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We try to fit the red and green spectra with different models. In Table 1 spectral fitting results
with the Comptonization best fit model [11] are reported. The spectra have slightly different pa-
rameters but both correspond to a hard spectral state. The spectral fit does not improve by adding
the soft black body component to the Comptonization. In any case it is difficult to constrain the
electron temperature of the Comptonization also adding other spectral components. In Table 1 the
flux in the band 4-20 keV and 20-200 keV are reported. The two spectra with the model, data and
residual are reported in Figure 3.

4. Comparison of the 2008 outburst behavior with previous ones

By comparing these results with the previous 2003-2005 INTEGRAL monitoring, reported by
Tarana et al. in the 2008 [13] (hereafter TOS), we note:

- First of all, the temporal behavior of the outbursts is different. In the left panel of Figure 4 it
is showed the light curve for the period 2003-2005 from TOS: it is evident that the outbursts in that
period were much shorter than the two month-duration in the 2008 one.

- Unfortunately, there was not INTEGRAL full coverage of the 2008 outburst so that it was not
possible to follow spectral evolution during the peak and detected the soft and intermediate states.
During the previous outbursts was possible to characterize the spectral shape along the evolution
from the soft to the hard states (see the right panel of Figure 4 from TO8, where the soft state
corresponds to the purple data).
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Figure 4: INTEGRAL and ASM/RXTE light curves (left) and hardness diagram (right) of 4U 1722-30
during the 2003-2005 observation period (from [13]).

- Moreover, during the 2008 outburst the source showed hard emission with two flux rate: a
high flux hard state which lasted about two month after the peak of the outburst (green spectrum)
and a low flux hard state "outside the outburst” (red spectrum). This behavior was not detected
during the previous observations (T08), in fact hard X-ray emission, at E > 20 keV, was detected
after the peak of the outbursts, at a flux level corresponding to the one out of the outburst.
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- Finally, in the 2007-2009 observations the hard spectrum "outside the outburst” (red spec-
trum) is very similar to the hard spectrum of the previous observation which is reported in Figure
5 (from TO8) modeled by a Comptonization with parameters of k7 of 0.8 keV, kT; of 40 keV and
7 of 0.5. We note that all the hard states observed in the different outbursts showed, in general,
parameters with similar values, and in particular a high temperature of the corona of electron of the
order of 30-40 keV which it is ever statistically unconstrained.
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Figure 5: JEM-X and IBIS hard spectrum of the previous 2004-2005 observations (from TOS).

All these remarks indicate this source shows outbursts of different time behavior and of dif-
ferent spectral changes. The accretion rate could be the main parameter that drives the spectral
variation but we can not exclude other parameters to explain the two hard state of the 2008 out-
burst. This intriguing behavior suggests to continue the detailed broadband emission study.
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