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After the first nine years of INTEGRAL operational life, théscovery of new sources and
source types, a large fraction of which are highly transgrtiighly absorbed, is certainly one
of the most compelling results and legacies of INTEGRAL .dee@nt monitoring of the Galactic
Plane in AO8 and AO9 campaigns allowed us to detect transmmnices, both known and new,
confirming that the gamma-ray sky is dominated by the extreanbility of different classes
of objects. Regular scans of the Galactic Plane by INTEGRAdvide the most sensitive
hard X-ray wide survey to date of our Galaxy, with flux limitstbe order of 0.3 mCrab for
an exposure time of2Ms. Many transient sources have been detected on a wide i@ng
time scales £ hours to months) and identified by triggered followup obagons, mainly by
Swift/XRT and optical/infrared telescopes. These disci@geare very important to characterize
the X-ray binary population in our Galaxy, that is necessaput for evolution studies. The
transient source monitoring is crucial to sample a variéphysical conditions corresponding to
a large span in luminosity. The long exposure times avalalibw us to define the spectral and
timing properties of the known sources and the global pitigseof each object class.
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1. TheINTEGRAL Galactic Plane Scanning

For the first 5 years of INTEGRAL operational life, the sciBatCore Programme included
regular scans of the Galactic Plane and Bulge. These oltiezivded to the discovery of many
new high energy sources. Many of these are the highly abddi#déXB, that were previously
unknown due to the lack of sensitive hard X-ray observatidhigrthermore, many new transient
objects have been found, on short timescales and with lovinosity (< 10°¢ergs™1). From AO-5
onwards, these regular scans were discontinued, resuitegignificant drop in the discovery rate
of new Galactic systems. From AO8 to AO10 however, a muléiryeroposal for Galactic Plane
Scanning has been approved and since 2011 this programléstow data for a total exposure
time of ~5 Msec (at the end of 2013) to be added to the existing prevoo@gs giving a total of
~ 135 Ms. The majority of these sources are best detected @sdates less than or equal to an
INTEGRAL orbit (~250ks), so that scans occur once every revolutio ¢lays), increasing the
chances to detect short outbursts from unknown and knowrtss@and the possibility to monitor
the evolution of long outbursts from different source oksssThe observed sky region cover a
strip of width+10 degree in galactic latitude and a longitude extent of ahdQ deg. Due to its
unique capability to monitor the Galactic Plane for longpes at a sensitivity level unreachable by
other wide-field imagers<{~ 0.3— 0.5 mCrab for Exposure1Ms, ~ 3 mCrab for Exposurs10ks),
INTEGRAL has proven especially capable of discoveringtfaimd/or short-lived phenomena that
are typical of Galactic binary sources.
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Figure 1. Left: JEM-X image in the 3-10 keV image of 1RXS J194211.9+2%5. Right: The XRT/Swift
image in the 2-10 kev of the 1RXS J194211.9+255552

The Galactic Plane observations with INTEGRAL so far havended our view of the Galaxy
doubling the number of known high-mass X-ray binaries (Betdal. 2010), discovering two
new types of High Mass X-ray Binary (HMXB): 1) the high absedobinary systems with N>
10%*cm 2, such that these sources could not be identified earlierseithX-ray instruments (Ku-
ulkers 2005; Ibarra et al. 2007); 2) the Super Giant Fasty<dm@ansient (SFXT), showing the
short (from tens of minutes to few hours) and intense flares {0%% 37ergs 1), X-ray pulsar like
spectrum, with very high dynamic range: 3-5 orders of magiatwith respect to the quiescent
emission withL ~ 10%%ergs ™t (for review see Sidoli 2010, Sidoli 2011). The physics okthero-
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Figure 2: The XRT spectrum of ROSAT source 1RXS J194211.9+25555@dfittith a power law model
with an absorption of N ~ 1.3 x 10?%cm 2 and a photon index of.84+ 0.3

cesses is still unknown and represent one of the main opeesiss the study of compact objects in
binary system. Studies of these HMXBs classes will be furetaal to understand the population
synthesis, to determine the chemical enrichment of thexgalad the evolution of massive stars in
binaries and to investigate the poorly understood aceretiechanism (Sidoli 2009 for a review)
which produces the short flares observed from the SFXT.

The gamma-ray satellites Fermi and AGILE and the Chererddestopes (as HESS, Milagro
etc.) have provided new surveys of the Galactic Plane frorv kéeTeV energies. INTEGRAL
is and will be the unique opportunity to identifying coumtarts of the unidentified very high
energy sources and observations above 20 keV are neededetistand the physical origin of their
emission. In the second Fermi/LAT catalogue about 320 M&¥/Gources have been reported
within 10 degrees of the Galactic Plane and about one thidsalt unidentified (Nolan et al.
2013). Among them, some are transient sources flaring orstiates shorter than a few days,
which can be a new class of the galactic fast transient higigy emitters. INTEGRAL represent
a good possibility to systematically identify the unidéietli MeV/GeV/TeV sources, define the
spatial distributions and luminosity functions of the eablfect classes.

The INTEGRAL observatory strategy and its large field of viglows to monitoring a large
number and variety of galactic sources for a long time, neée¢destudy the physics of emission
mechanisms for white dwarfs, neutron stars and black holégese observations allowed us to
understand the interplay between the different comporafrttse accretion flow onto the compact
objects such as the cold disk and the neutron star, the hopaiming plasma and the possible
synchrotron radiating jets (Cadolle Bel et al., 2009; Ptadle 2009; Fiocchi et al. 2008).// In
particular we report here some INTEGRAL result: 1) nonth&lrcomponents at energies >100
keV from neutron star low-mass X-ray binaries (Fiocchi et28l06; Paizis et al. 2009; Tarana et
al. 2011); 2) INTEGRAL discovered high energy emission 200 keV) in a strong magnetized
neutron stars, witlB = 10*1° Gauss (Mereghetti et al. 2009 and and references therairthan
Soft Gamma Repeaters spectral behavior, soft at energiee 4 keV and hard below 10 keV, in
contrast to spectra from Anomalous X-ray Pulsars which siowpposite spectral shape; 3) hard
emission from black holes up to 1 MeV (Caballero Garcia et28l07; Del Santo et al. 2012).
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2. The Galactic Plane Scanning throughout AO8 and AO9

We briefly report on the preliminary results from the rece@8fand AO9 Programme, con-
cerning the discovery of the new source, monitoring of thevkisource and the timing study on
long time scale. The results reported here are simple exanopthe many different topics that can
be studied with Galactic Plane observations.

2.1 Thenew detections

At the time of writing, the pointings of the Vela and Cygnugion starting in May 2011,
allowed us to monitor many known sources: 31 HMXBs, 36 LMXB#GN and 4 other sources
(Atels 3361, 3434, 3816, 3818, 3887, 3916, 4135, 4136, 4BB3). The Galactic Plane Scanning
observations (from AO1 to AO9) and the follow-up soft X-raydeoptical/IR allowed to identify
new sources in the Galactic plane:50 AGN hidden behind the galactic plane50 HMXB,
~20 LMXB (Low Mass X-ray Binary) and-20 CV (Cataclism Variables). Other120 new IGR
sources have been found but their highly variable behaviake® it difficult to identify them,
confirming that the gamma-ray sky is dominated by the extreani@bility of different classes of
objects (Bird et al. 2010).

A recent example of detection of a new source by INTEGRAL/JEMappened during the
Galactic Plane Scan observations performed between 20té&nikeer 18, 13:47 UTC and De-
cember 19, 8:59 UTC. This source has been promptly identifgethe transient ROSAT 1RXS
J194211.9+255552, with averaged fluxes of=20mCrab and 165 mCrab in the 3-10 keV and
10-25 keV energy ranges, respectively (Atel 3816). A SwifDTollow-up has been performed on
December 21, 2011 at 06:10:09.7 UTC, with a net exposure 86 7 Within the ROSAT error
circle only one source is found at position 19nh42m11.13%;5@07.32 (J2000), with 3.6 arcsec
error radius (Atel 3818). Figure 1 shows the JEM-X image &n3HLO keV energy range (left) and
the XRT image in the 2-10 keV energy range (right), while igie 2 the XRT spectrum of 1RXS
J194211.9+255552 is shown. The best fit consisting of a simiptorbed power law model with an
absorption of N = (1.3+0.6) x 10°?cn2, a photon index of @+ 0.3 and an unabsorbed flux of
~ 7.9x 10 Mergecm?s 1, in 1-10 keV energy range (reducgd=1.1 for 36 degrees of freedom).
Masetti et al. (Atel 4209) identified the optical countetpasing the 1.5m Cassini telescope of the
Astronomical Observatory of Bologna in Loiano (Italy) arftbwed that the optical counterpart is
a Galactic high mass X-ray binary, confirming the HMXB natfoethis source as suggested by
ATel 3818.

2.2 Themonitoring of known sources

During the Galactic Plane Scanning INTEGRAL perform a longnitoring of GS 0834-43,
a source discovered by Granat/WATCH in February 1990 witbakglux of~ 400 mCrab in the
8-20 keV energy range (LapShov et al. 1992) and also obsaivsdh energies by CGRO/BATSE
at regular intervals until June 1993 (Wilson et al. 1997)eSéhobservations allowed to character-
ize GS 0834-43 as a Be transient X-ray pulsar with a spin gexfe- 12s, a wide orbit (period of
~ 106 days), a small eccentricity between 0.10 and 0.17 and mldination angle (Wilson et al.
1997). After 1993, no outbursts were detected by BATSE oerationitoring instruments such as
Swift/BAT (Cusumano et al. 2010) or INTEGRAL/IBIS (Bird et &2010). During INTEGRAL
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Figure 3. Left: IBIS image in the 18-60 keV image during revolution #18f GS 0834-43. Right: The
IBIS/ISGRI 18-60keV phase folded light curve using the best orbital pedettrmination of 10.068 days
of IGR J16328-4727

Galactic Plane Scan observations between 2012-06-26 :08:4hd 2012-06-26 15:27:19 UTC,
IBIS/ISGRI detected this source at 47 sigma confidence levifle 18-60 keV energy range with
a exposure time of 15.8 ks. It was also detected by the JEMsiXument at a significance of 19
sigma for an exposure time of 1.7 ks. The flux is #¥®mCrab in 18-60 keV and 644 mCrab in
the 3-10 keV energy range (Atel 4218). In Figure 3 (left) isw8h the IBIS image of this field in
the 18-60 keV energy range. This new, strong detection sigaaf a renewed period of activity
after a long period of quiescence was also detected with FIERRBM (Atel 4235). Throughout
the duration of the observations, the IBIS light curve in1B8e60 keV energy range shows that the
source flux remained constant. The IBIS spectrum was wealtffittith a simple power-law model
with a photon index of ®+0.2 and a flux of 18 x 10 °ergcnm 2s1 (x2=12/9 dof). The INTE-
GRAL detection of this new, strong outburst could be a sigreabf a renewed long term activity
period that is being followed up by other orbiting high enetelescopes, also covering the hard
X-rays. The Nuclear Spectroscopic Telescope Array (Nusias also observed this source in July
2012 with two pointings and is expected to provide bettesisigr spectral/timing measurements.

2.3 Thetiming studies

The long exposure time reached in the Galactic Plane is ajuarpportunity to perform
timing studies, in particular to measure the orbital peabthe X-ray binaries and to determine the
spectral characteristics of the Galactic source. The leng tL8-60keV IBIS/ISGRI light curve
of IGR J16328-4726 is a very meaningful example of the detecif a period at-10 days, which
we interpret as the orbital period (for details see Fioctlal.e2012). The folded light curve using
the best orbital period determination ©fL.0 days is shown in Figure 3 (right), where is detected a
single broad emission maximum above a quiescent level Wwélshape similar to those observed
from other SFXTs such as IGR J17544-2619 (Clark et al. 2008)I&R J16465-4507 (Clark et
al. 2010).

3. Conclusions

Thanks to the combination of its large field of view and goodsgevity for short exposures
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(20 mCrab is reached at 50 keV with 2 standard GPS pointin@ksdc each), timing resolution
better than 1ms and good broad band spectroscopy, INTEGRAQd will be the only possibility
to study very relevant topics as the new sources, the peripadif Galactic sources, the spectral and
temporal characteristic of the sources and of the diffeckgses, their spatial distributions within
our Galaxy and luminosity functions. Because of the arcet@iriocation accuracy at energies
above 20 keV, INTEGRAL is and will be unique to find the hard-@Unterparts of new unidentified
MeV/GeV/TeV sources, discovered with AGILE and Fermi orhwihe ground based Cerenkov
telescopes. Finally its instruments, sensitive in the 3 k@M 0 MeV range, provide a unique
link between the soft X-ray band covered by X-ray telescapeh as XMM-Newton or Chandra
and the energy band of the high-energy gamma-ray spaceomsssiThe future Galactic Plane
observations will provide a more uniform and longer momitgrof the known sources, new source
detections and will also detect outburst or in peculiar Bpéstates, triggering dedicated ToO.
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