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ABSTRACT

We report on the discovery of 41 new pulsating sources in ¢ie of theChandraAdvanced
CCD Imaging Spectrometer, which is sensitive to X-ray phetim the 0.3-10keV band. The
archival data of the first 15 years @handraobservations were retrieved and analysed by
means of fast Fourier transforms, employing a peak-deteeigorithm able to screen candi-
date signals in an automatic fashion. We carried out thekdar new X-ray pulsators in light
curves with more than 50 photons, for a total of about 190 @@@durves out of about 430 000
extracted. With these numbers, the ChAndra Timing Surv8yeita And Roma astronomical
observatories (CATS @ BAR)—as we called the project—remrtssthe largest ever system-
atic search for coherent signals in the classic X-ray baratelthan 50 per cent of the signals
were confirmed by furthe€handra(for those sources with two or more pointing&\MM—
Newtonor ROSATdata. The period distribution of the new X-ray pulsatorsvabe2 000 s
resembles that of cataclysmic variables, while there is@ipaof sources with shorter period
and low fluxes. Since there is not an obvious bias against ttetgctions, a possible interpre-
tation is in terms of a magnetic gating mechanism in acagetgutron stars. Finally, we note
that CATS @ BAR is a living project and the detection algaritWill continue to be routinely
applied to the newChandradata as they become public. Based on the results obtained,so f
we expect to discover about three new pulsators every year.

Key words: catalogues — methods: data analysis — pulsars: generats- s&zillations —
X-rays: binaries — X-rays: stars

1 INTRODUCTION through the timing analysis of the X-ray light curves of toeices
which lie in the field of view, FoV, of a detector. However, foost
observations taken with imaging instruments, only thegod the

h pointing is analysed. With the high energy missions cutyeyp-
erational (such a€handraor XMM-Newto#), which have wide

energy ranges, high sensitivities and, often, high timeluti®n,

the average number of serendipitous X-ray sources detectad

The detection and characterization of X-ray periodic digmpay

a role of paramount importance in the process of identifyiag/
compact objects or new classes of them, and studying theanec
nisms powering the observed emission. Even new emissioh-mec
anisms have been discovered in this way. The greatest péreof

periodic signals arise from the rotation of a compact staram the order of few tens. In a typic&handraobservation this num-

the orbital motion in a binary system. The main cases in which ber is~A4d. During observations targeting crowded fields and in

the mo?ulatiotn Is dtue toNtShe .CO)T pactbgtar Spin tare: '(a) a.ngret which all the CCDs were operating (each CCD coversxgg33),
magnetic neutron stars (NSs) in X-ray binary systems; (inyéng up to about 100 sources can be detected. It is thereforeretiukt

g_ow_n |st_olate(fj NtSst_, thel emISS'OT of which may bet_powered_by the up to 99% of the information remain unexplored. Since thelmem
issipation of rotational, thermal, or even magnetic enéas in of high quality time series stored in the present-day X-rahaes

the cas;es of Class[[c_:allra.dlo pulsarsi_ X-r?; d('jm |S;)I3\t/ed, B has now reached 10°, these data clearly hold a huge potential for
magnetars, respective y); (C). magnetic white awar ( [?ie;ns, new discoveries and make data mining an urgent task to achiev
such as polars and intermediate polars (IPs). Orbital natiduls of them

the X-ray flux are observed in many classes of NS and black hole . . . i
(BH) X-ray binaries and cataclysmic variables (CVs). Various projects aimed at the search for X-ray pulsatorewer

The discovery of a periodic modulation generally happens

1 This number is simply the ratio between detected sources0@3, and
* E-mail: gianluca@oa-roma.inaf.it analysed datasets, 10 700; see also end of this Section.
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carried out in the past. During the 1990s, our team carrigd ou
systematic timing analyses of the then-booming number ighbr
serendipitous sources—about 50 000 objects detectedROABAT
and EXOSAT (Israel et al| 1998). The effort was based on dis-
crete fast Fourier transform (FFT) analysis and resulteshra
other findings, in the detection of pulsations from sourcésciv

times [Atwood et dl. 2006). This method made it possible & di
cover more than 50 newsray pulsafd (Abdo et all 2009)

In this paper, we report on the results of our search for new
X-ray pulsators in all the archival data of t@handraAdvanced
CCD Imaging Spectrometer (ACIS ellal. 2003) Imggin
(I) or Spectroscopic (S) array in imaging mode. We analysedia

have become prototypes of new classes, such as the anomaloug0700 datasets, corresponding to the first5 years ofChan-

X-ray pulsars (4U0142+614; Israel ef bl. 1994) and the dsubl
degenerate ultra-short period X-ray binaries hosting twbDsw

(HM Cnc;lIsrael et 4l 2002). Remarkably, these sources e s

dra operations, and applied a FFT analysis coupled withadn
hoc signal detection algorithm to about 190 000 of about 430 000
light curves extracted (those with enough photan§Q, to allow

posed to be powered by new and unusual mechanisms, such as tha meaningful search). The ChAndra Timing Survey at Brera And

decay of the intense magnetic field (ZOIEafo
recent review) in the case of magnetars, and owing to theolarip
inductor model for ultra-compact binariés (Dall’'Osso ef24106).
We also discovered an X-ray pulsator in a binary systems iea p
viously unobserved evolutionary phase, a post-commonl@nee
stage: HD 497985 (RXJ0648.0-4418). It is a 13-s-period caour
which hosts either one of the most massive and fastest sginni
WDs observed so far, or an unusual accreting NS splnnlng ap at

Iow and extremely steady rate (Israel éal. 1
2009/ 2016).

More recently, several searches were conducted by other

teams onChandraand XMM—Newtondata for a relatively limited
number of objects or sky regioris. Muno et Al. (2003) searétied
periodic signals among 285 sources detected ®hlandrain the
Galactic center region (about 500 ks of exposure time) bynsiea
of a Z? (Rayleigh) test|(Buccheri etal. 1983). They found eight
sources showing pulsations, with periods frey800 to 17 000 s.
[Muno et al. MS) analysed almost 1 0@handra and XMM—
Newtonarchival observations of the Galactic plane regifn &

5°). All the detected sources were searched for coherentlIsigna
with a Rayleigh test for th&Chandradata and a discrete FFTs
for XMM-Newtordata. Four sources with periodic modulations in
the 200-5000 s range were discovered and tentatively fiéassi
as CVs!l Laycock et all (2010) analysed t@bandradeep fields

in the Small Magellanic Cloud (SMC), where almost 400 sosirce
were detected and searched for pulsations. Two new acg@tin
sars in high mass X-ray binaries (HMXBs) were discoveredgisi
the Lomb—Scargle method (LS; Scafgle 1982). Honglet al.Zp01
searched about 400 sources in 1-®fsandradata of the ‘Limiting
Window’ region. A LS analysis led to the discovery of ten new X
ray sources with periods between 4 700 and 12 100 s; in thess ca
the signal was detected with good confidenc®$%). In a sam-
ple of 4330 sources of the SecoXdMM—NewtonSerendipitous
Source Catalogue (2XMMi-DR09) which were
reliably detected and observed at least twice, Lin, Webbafrét
M) identified about 200 compact object candidates. B & F
analysis, they found two sources which also show significant
herent pulsations (in the 5000-8 000s range). A Random For-
est machine learning algorithm was employed et al
) to classify 2876 variablXMM-Newtonsources in the
Third XMM—NewtonSerendipitous Source Catalogue (3XMMi-
DR4; 6). Two out of the about 100 unclassitied o
jects showed in LS periodograms significant modulationsO& 4
and 18000 s, identified with a spin and an orbital period, @esp
tively. Finally, itis worth mentioning the results obtathby Fermi

in the systematic ‘blind’ search ferray pulsars, although in a dif-
ferent energy band (about 100 MeV-100 GeV), by means of FFT
analysis carried out on photon time differences insteadvehte

Roma astronomical observatories (CATS @ BAR), as we cdfled t
project, is the largest ever systematic search for cohsignals in
the classic X-ray band. Among the aims of CATS @ BAR there are:
(i) to identify intrinsically faint X-ray pulsators at a flugvel which
has remained unexplored so far; (ii) to extend the validigleady
known emission mechanisms towards lower X-ray fluxes; {i)
look for new classes of compact objects and new astropHyatica
jects showing coherent signals. We found 41 new X-ray poitsat
with periods in the 8-64 000 s range. For a relatively largetfon
of them, we rely upon more than one archival pointing allayvin
us to check for the reliability of the signal detection. A pseduct
of our systematic search analysis is a detailed map of theosjsu
(instrumental) coherent signals which affect the ACIS.

2 METHODOLOGY

Fourier analysis is likely the single most important tecfua which

is applied to astronomical time series to detect signatsutin the
presence of peaks in the power spectra and characteris@ige n
variability through the study of continuum power spectruome
ponents (513 for a comparison amongetitfer
signal search algorithms). A periodic signal is identificldew the
strength of the corresponding peak is so high to make it stahuh
the power spectral density (PSD), and is validated (at angieafi-
dence level) against the chance that the peak originatestfre un-
derlying white noise. This approach assumes that the pqueeti:
are dominated by Poissonian counting statistics. Howehes,is
often not the case, at least over a range of frequenciesdft@ahel
of Figurdd). Indeed, the presence of continuum non-Poigson
components in the power spectrum, resulting from intrigin-
strumental variability in the source and/or the backgroundkes
the detection of genuinely astrophysical signals a diffistatisti-
cal problem. Additionally, the number of serendipitousrses for
which the timing analysis can be performed has became se larg
that it is virtually impossible to rely upon an inspection é@ye of
all the PSD produced in a large search to investigate evergi-ca
date signal.

An algorithm to search for coherent signals in a large num-
ber of sources needs to include a reliable automatic proeetu
perform a first screening of possible signals. In our timingla
ysis we used the original (unbinned) event list extractedefich
source in order to avoid, among others, issues due to the star
ing time of the series (middle time of the bin versus starthef t
time bin), a problem often met in the astronomical timingwafe
when binned light curves are used. For the power spectrusitgien
analysis we adopted the recipe outlined_in Israel & Stel@96),

2 For an updated list, see https:/confluence.slac.stasfbuetisplay/
GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Putsa
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Figure 1. Left panel: Power spectrum density of the 292 s-signal teatpulsar CXOU J005048.0-731817 in the SMC. The solid bheeindicates the 356
detection threshold normalised to the number of indepemi@eurier frequencies as described in Sedfion 2 and obtdipedeans of the algorithm described
inllsrael & Stellal(1996). The corresponding Poissonias@dével, according to the Leahy normalization (Leahy e1983), is marked by the stepped red
line. In this example a non Poissonian noise component) offerred as red-noise, is evident below $(Hz when the power estimates start deviating from
the Poissonian noise level. Right panel: As in the first pemelfor the time series of the effective area within the sewgxtraction region as derived with the

CIAO DITHER_REGIONtask.

which presents a statistical tool that can be employed foo-au
matic screening of peaks in PSD obtained by means of fastdfour
Transform (FFT). For each PSD, the algorithm infers a snembth
continuum model by maximizing the Kolmogorov—Smirnov prob
ability that the power spectrum obtained by the ratio betwibe
original one and the smoothed continuum is distributed a8 a
with 2N degrees of freedom (dof), whei€ is the number of aver-
aged power spectra (in general, in our projact= 1). In this way,

it is possible to take into account statistically any norsBonian
component and set a peak detection threshold which is fregue

tions (C1A0; [Fruscione et al. 2006) software package, retrieves the
relevant ACIS data, detects the sources, extracts the bsefiles

for each object, applies barycentric correction to the etiemes,
checks for the presence of significant (source intrinsgrais, and,
when signals are found, infers their main properties. Itipaar,

we used theclAo releases from 4.4 to 4.8 (as the project started
in 2012 June); the taskxBARY was used for the barycentrization,
the tasksARDLIB, MKINSTMAP, MKEXPMAP, andMAKEPSFMAP,

for constructing the exposure and point-spread functiopsnand
WAVDETECT for the source detection. For the latter, we considered

dependent. The left panel of Fiy 1 shows an example of how the five wavelet detection scales (1, 2, 4, 8, and 16 pixels), aed t

CATS @ BAR algorithm automatically sets the detection thodd
based on the underlying spectral continuum and recordsehlksp
above the threshold itself. For the project, we set @& 3I&tection
threshold assuming a number of trials equal to the numbeF®f F
frequencies in each PSD.

In principle, the number of trial periods that one should-con
sider is the total number of Fourier frequencies in all th@ &Ear-
ried out in the whole project. However, there are two mailsoea
why we did not abide by this precept. One is that the total remb
of searched sources and Fourier frequencies will be unknotih
the end of the project. The second is that there is a good nuofibe
sources which have been observed more than onceGtigmdra
and/orXMM—-Newton(or with other missions). Thus, we preferred
to pre-screen the candidate signals based solely on thstistdt
properties of each individual time series so to leave opermpts-
sibility to check later for the recurrence of the same sigmighin
the CATS @ BAR project or for confirmations from data from athe
missions (mainl)KMM—-NewtonSwift ASCA andROSAT). A pos-
teriori, this approach proved to be rather efficient, with about 10
signals confirmed by furtheChandrapointings carried out during
the 15 years interval of our project, and about 15 signal§icoad
by data from other missions.

The process described above was implemented in a pipeline

which, using tools of th€handralnteractive Analysis of Observa-

© 2016 RAS, MNRAS000, [1H18

default value for the source pixel thresholl¢ THRESHparame-
ter set tol0~%). We notice that the choice of the latter parameters
essentially does not impact the results of the projectesine are
interested only in relatively ‘bright’ point-like sourcesith at least
50 counts. This minimum number of counts is dictated by the in
trinsic capability of the FFT to detect a 100% modulated aign
above a 3 threshold level. Finally, each source event list was ex-
tracted from the the@-distribution region determined hyAvDE-
TECT. Besides our codes amdAo, for the timing analysis we also
made use of a number efEASOFTtools (Blackburn 1995), such
asPOWSPEG LCURVE, EFSEARCH andEFOLD.

Particular attention was paid to the presence of instruahent
signals originated by the spacecraft dithering (see alsticE).
A first check is automatically performed by the CATS @ BAR
pipeline every time a significant peak is recorded. The pioce
is based on thelAo task DITHER.REGION] and checks whether
an artificial signal is present in the time series due to thi@tian
of the effective area within the source extraction regiame Tight
panel of Fig[dl shows an example of a FFT of the time variatfon o
the effective area (as for the FFT in the left panel, the sblic
line marks the 3.5 detection threshold). In the example, the high-

3 Seé€ http://cxc.harvard.edu/ciao/ahelp/dithegion.html.
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est peak corresponds to the well-known ACIS dithering meab

707 s followed by several higher harmonics. The comparisen b
tween the spectra, as in the example given in the two panels of
Fig.[d, offers to us an objective tool to reject or validateadidate
signal. Additionally, we also inspected the PSD computeanfr
time series of photons accumulated in background regicmsndr

or close to each new pulsator (the size and shape of the lmacidr
region depend from case to case) to check for the preseneaks p
consistent with the detected signal.

As of 2015 December 31, we extracted about 430 000 time se-
ries from sources with more than 10 counts (after backgreuied
traction); ~190 000 of them have more than 50 counts and their
PSDs were searched for significant peaks. At the time of writ-
ing, the total number of searched Fourier frequencies wasitab
4.3 x 10°. After a detailed screening, we obtained a final sample of
41 (42) new X—ray pulsators (signals), which are listed ihlad.

For completeness we also list in TablglAl the identificatiomber

of all the data sets we used for the analysis. None of the dedor
spurious signals falls at the frequency of those periods. atiove
reported numbers make CATS @ BAR the largest search forlsigna
carried out so far in soft X-rays. Moreover, since @leandramis-
sion is still operative, CATS @ BAR has to be considered agjvi
project: every 1-3 months, the pipeline will be applied te tiew
public data sets. Based on the results obtained so far, wecet@
find about three new pulsators every year.

It is worth emphasizing that the FFT is particularly effi-
cient when dealing with relatively high-statistics timeies and/or
strong signals. Alternative timing tools, such as periodots
based on th&? test (where: stands for the number of the assumed
harmonics of the signal) are better suited for the searchiof ig-
nals, or strong signals in low-statistics time series, @andbn si-
nusoidal signals (Buccheri etlal. 1983). However, any pegpam
algorithm approach suffers from the known problem relatethée
variable period resolution over the searched period iateta this
respect, theZ? is better suited when the search is carried out over
a relatively narrow period interval (about one order of magte).

A ZZ2-based algorithm able to deal with at least four order of mag-
nitudes in periods with a variable period resolution willdmplied
in the future to the whole sample of 430 0GBandratime series.

3 XMM-NewtonARCHIVAL DATA

For each pulsator, when available, we also retrieved, extland
analysed the relevaiiMM—-Newtorarchival data of the European

4 CATALOGUE

The main properties of the newly identifi&€handra ACIS pul-
sators, together with their signals, are listed in Thblehk olumns
report the following quantities/values: (1) The name ofsbarce,
where the prefix CXO is used for sources listed in tDlean-
dra Source Catal@version 11 (CSlO), while
CXOU for yet uncatalogued sources; (2,3) Right ascensiah an
declination (J2000); (4) The Galactic latitude; (5) Theiperof
the detected signal; (6) a flag, which summarizes the statiso-
bustness of the detection (see below for the detailed eafitar);
(7) The flux of the source or, for variable sources, the flugerint
val within which the pulsations have been detected; (8) Qtyanf
Chandra and XMM-Newton observations; (9) Any further ratev
information. In some particular cases, we added a sectiolatify
the possible classification or report on noteworthy facte Jource
name and coordinates (columns 1-3) are those in the CSCtéer ca
logued objects (CXO prefix), and the outcomes ofiWa@DETECT
task for the uncatalogued objects (CXOU prefix).

The periods and their uncertainties in column (5) were nefgr
in different ways, using case-by-case the technique deenwed
appropriate for the data sets available for a source. Dépgrah
the number of observations, their length and count stesistie pe-
riods were determined by either a phase-fitting analysis|dingy
analysis, a2 test, or a fit with one or more sinusoidal functions. In
many cases, due to poor statistics or low number of sampladsy
we are not able to test if the correct periods are the onesteeter
twice these values (as sometimes occurs in CVs). The pulaed f
tion is defined asPF = (Fmax — Fmin)/(Fmax + Fmin), Where
Fmax and Fi,in are the observed count rates at the peak and at the
minimum of the pulsﬁ

Three different classes of robustness were defined and sne ha
been assigned to each signal (column 6). The flags are defined a
follow. Three asterisks (***) identify an extremely robusignal,
which has been detected in more than one data set. Two &steris
(**) indicate a signal detected in only one dataset (the amig
available for the given source), but at a high confidencd (eb®ve
50). Finally, one asterisk (*) is assigned at those signalsatet
either at a relatively low confidence level (in betweerv3ahd %),
or only in one dataset out of two or more observations. Algtou
the latter group of (*) signals might be considered lesabdd, we
note that a large fraction, about 30%, of the signals firsgialy(*)
or (**) were later upgraded to the flag (***) after the analysif
further archival or follow-up X-ray observations. This gmpmay
also include transient sources.

The values in column 7 are observed fluxes in the 0.5-10 keV,
as measured from background-subtracted source spectieh wh
were created with the1A0’s SPECEXTRACTtask. Energy chan-

Photon Imaging Camera (EPIC). Raw data were reprocessed bynels were grouped so to have at least 15 counts in each negyener

means of the Science Analysis Softwasag, version between
12.0 and 14.0). Data were filtered for episodes of flaringipart
cle background and the times affected by these events were ex
cluded from the analysis. Source photons were extracted ¢io

cles with radius of 40or less, depending on the presence of nearby
sources and/or background issues and/or the distancelim@GD
edges. EPIC background even lists were extracted from sdtee
regions, the sizes and shapes of which were dictated by yearb
sources or background matters. Photon arrival times wene co
verted to the Solar system barycenter using the gaskyCEN us-

ing the source coordinates as inferred from@@ndrapointings.
The ancillary response files and the spectral redistributiatrices

for the spectral analysis were generated WWHFGEN and RMF-
GEN, respectively.

bin. All bins consistent with zero counts after backgrounbtsac-
tion were removed before fitting the data. For simplicity andor-
mity, we always used a simple absorbed power-law model, twhic
in most cases provided an acceptable fit to the data.

The last column of Tab[g 1 (9) includes references and infor-
mation deemed interesting for the nature of the source arigiéo
signal. Among others, are the Galactic latitude; possibpaia-
tions with star clusters, or galaxies, or coincidence withrees
detected from other missions; relevant properties infefitem the

4 Seé€ http://cxc.harvard.edu/csc/ for more details.
5 See¢ http://www.physics.mcgill.caharchiba/pulsed-flux-CASCA-07.pdf
for a comparison among different definitions of pulsed foact

© 2016 RAS, MNRASD00, [1H16
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Table 1. CATS catalogue. An updated online version of the Table iswaaied at http://www.oa-roma.inaf.it/HEAG/catsathar/

Name R.A. Dec. b Peridd Flag® Fluxe XMM/Chandrg® ~ Comment§:f

(hhmmss.ss) {7 ") ©) (s) (ergenm2s1)
CXO J002415.9-720436 0024 15.9 -720436.4 449 8649(1) i 0.5-0.8 C(16) E, 47 Tuc
CX0OUJ004814.1-731003 0048 14.1 -731003.7 -44.0 50.669(1) *** 4-45 C(1)/X(2) T, HMXB, SMC (SXP 25.5, SXP 51,XMMU J004&11-731003)
CXOU J005048.0-731817 0050 48.0 -731818.2 —43.8 292.y84(5*** 5-22 C(6) T, SMC, HMXB (RX J0058.2-7231, XTE J0051-720) (e. |.), [1]
CXOU J005440.5-374320 00 54 40.5 -374320.2 -79.4 2118p(48% 0.9 C(1) T, NGC 300, perhaps a foreground CV
CX0OU J005758.4-722229 0057 58.4 —7222295 447 7.91807(5** 4-20 C(2)/X(1) T, HMXB, SMC, O (e.l.), [2]
CXO J021950.4+570518 02 1950.5 +570518.2 -3.7 4782(5) ok .3-0.6 C(4)IX(1) Pst, h Persei (NGC 869), O (e. |.)
CXOU J055930.5-523833 0559 30.5 -5238335 -28.9 21668(200 0.2 C@3) Cv?
CXOU J063805.3-801854 06 38 05.3 -801854.1 -27.3 1315}(330* 4 Cc@) Cv?
CX0OU J091539.0-495312 09 15 39.0 4953129 499 55.97(1) * 1.2 Cc@1) transient
CX0OUJ111133.7-603723 1111 33.7 -603723.0 -60.6 9766.8(5) *** 1.2 C(7)IX(1) O (3 possible counterparts)
CXOUJ112347.4-591834  112347.4 -591834.2 -59.3 1525.92(6*** 2.8-55 C(7)IX(2) near SNR G292.0+1.8
CXO J123030.3+413853 12 3030.3 +413853.1 +74.9 23148(396)** 0.2-1 C(5)/X(2) NGC 4490, BH-WR candidate [3]
CX0UJ123823.4-682207 123823.4 —-682207.0 -55 5065(40) * 1 2 Cc(1)
CX0OUJ141332.9-651756 14 13 32.9 -651756.5 -3.8 6377(4) ok 0.4-0.6 C(2)/IX(1) CV (Polar?) [4]
CXO J141430.1-651621 14 14 30.1 —-651623.3 -3.8 6120(2) ik 1-14 C(4)IX(1) IP [4]

64 200(500) *x Same source as above. Long period, likely of orbital origin

CX0OUJ153539.8-503501 1535 39.8 -503501.4 4.2 12 334(56 7 9 c@) NGC 5946
CXO J161437.8-222723 1614 37.9 -222723.7 +20.2 5671(137) * * 0.5 C(1) T, CV?, 100% PF
CX0OUJ163855.1-470145 16 38 55.1 —-4701458 -0.1 5684(40) * ** 0.9 C(2)IX(1) NS?, Norma Arm?, 100% PF
CXO J170113.3+640757 17 0113.3 +640758.5 +36.2 5674(1) el 0.3 C(9)/X(1) 100% PF, O (e.l.)
CXO J170214.7-295933 1702 14.7 -2959336 +7.2 11467(500)** * 0.2 C(6) Pst, 100% PF
CXO J170227.3-484507 170227.4 -484507.1 -4.3 3080(40) ik 0.7-1.4 C(2)IX(2) Pst
CXO J171004.6-321205 17 10 04.6 -3212055 +4.5 4990(15) ok 0.9-2.8 C(2) ~100% PF
CX0OUJ173037.7-212633 17 30 37.7 -212633.0 +4.6 5059.40(7)** 0.3 C(9) near Kepler SNR
CXOUJ173113.7-212552 17 3113.7 -212552.1 +6.7 15532(64) * 11 C(2) Pst, O (e. I.)
CXO J173359.0-220614 17 3359.1 -220614.1 +5.8 4745(23) * 4 0. Cc(1) e}
CXOUJ174042.3-534029 174042.3 -534028.9 -12.0 21134(33)*** 5.7 C(5) in NGC 6397
CXO J174245.1-293455 1742 45.1 -293455.4 +0.2 12220(1164) 0.5 C(2) Galactic bulge
CXO J174638.0-285325 17 46 38.0 -2853259 -0.2 21887(538)** * 2.0 C(4)IX(2) Galactic bulge, CV, O (e.l.)
CXOUJ174811.0-244930 17 48 10.1 -244903.0 +1.6 5017(19) * 0.4 C(2) Terzan 5~100% PF
CX0OUJ180839.8-274131 18 08 39.8 -2741316 9.9 854(14) * 27 C(1) O (e. |.; OGLE source, 0.28 d)
CXO J180900.0-435039 1809 00.1 -435040.0 -11.4 5842(115) * 1.6 Cc@) NGC 6541
CX0OUJ181516.4-270851 18 15 16.4 -270851.6 -4.8 472(1) o 5 4. C(2) 0?2
CX0UJ181924.1-170607 1819 24.1 -1706 07.2 -0.9 407.8(1) *oow 8.5-46 C(1)/X(3) V, O (e.l.), [5,6]
CXO J184441.7-030549 1844 41.7 -030549.4 +0.1 6 366(236) b 0.4-11 C(3)/X(3) \
CX0OUJ185415.8-085641 1854 15.8 -085641.2 -4.7 5790(208) * 0.6 Cc@)
CXO0U J191043.7+091629 19 1043.7 +091629.2 -0.02 3620%(109* 4-24 C(2)/IX(1) V, HMXB, AX J1910.7+0917, INTEGRALK = 11.8
CXO J193437.8+302524 193437.8 +302524.4 +5.0 5906(200) * ** 1.8 C(1)/X(1) O (el)
CXOU J204734.8+300105 2047 34.8 +300105.2 -8.4 6097(82) * ** 9-21 C(1)/X(1) E, Polar ?, O (e.l.)
CXOU J215447.8+623155 2154 47.8 +623155.0 +6.3 9933(10) * ** 1.6 C(4) O (el)
CXOU J215544.5+380116 2155445 +380116.3 -13.0 14090(43)** 0.3 C(2) O (el)
CXOU J225355.1+624336 22 53 55.1 +624336.8 +2.9 46.673 66(4** 20-50 C(5)/X(1) HMXB, O (e. I.), [8]
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Table 1 —continued

Name R.A. Dec. Period Flag® Fluxc XMM/Chandrgé  Comment§f
(hhmmss.s) 7' 7) ©) (s) (ergenT2 s 1)
Sources with signals published by other groups while th@ptavas on-going and/or with rough estimate of the periods
CXO J165334.4-414423 1653 34.4 4144238 +1.3 5820(20)  *** 0.2 C(1)/X(6) CV, [9]
CXO J174728.1-321443 1747 28.1 —3214439 -21 4831(2) ok 4-95 C(3)/IX(1) vV, [7]
CXO J182531.4-144036  182531.5 1440365 -1.1 781(1) ok 14 C(2)IX(1) [7],CV ?
CXO J191404.2+095258 19 14 04.2 +095258.4 -05 5937(219) * 80 2 C(L)/IX(1) HMXB, IGR J19140+0951Porb = 13.55d, K's = 8.7, [10]

@ The uncertainty is given at a 90% confidence level.

b The number of stars indicates detection confidence as fellét Multiple detection of the same signal (either wihandraor with other missions); ** Single high confidence 100) detection; * Single
detection (above 38. See also Sectidd 4.

¢ Observed 0.5-10 keV flux in units @D~ 12 erg cnm2 s~ for a power-law fit. A range of values indicates differentues measured in th@handraobservations used for the timing analysis.

4 Number of usefuChandraand XMM—-Newtorpointings used to evaluate the signal/source parametersohted only those observations where the signal wasteétecthose with no detection but pulsed
fraction upper limits smaller than that of the modulatiorrevimferred. We also counted observations where the souasaut detected at a comparable or lower flux level with redpetbe original detection level

or detected at a significantly different flux level.
¢ E: eclipsing; T: transient: the source was not detected imesobservations witlChandraor other missions; Pst: persistent: the flux did not vary byarban a factor of 5 in the observations we considered; V:
variable: we measured flux variations larger than a factdr, @: optical counterpart or association. Question mark®ttetentative identifications or associations.

/' References: [1] Esposito et al. (201.3c);[[2] Bartlett €{2016); [3] Esposito et all (2013a); [4] Esposito €t/al. @)t [5]INichelli et al. (2011); [6] Farrell et &l (2015);[[Kuno et al. (2008); [8] Esposito etlal.

(2013b); [9] Lin et al.[(2014); [1d] Sidoli et al. (2016).
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X-ray data (transient, eclipsing, persistent, or variauarces) or
optical data (both from catalogues or follow-up observat)o

For a subsample of 10 new X-ray pulsators, we obtained X-
ray follow-up observations wit@handrg Swift or XMM—Newton
seven of which were already carried out. Similarly, in thesafour
years, we performed optical spectroscopic follow-up farthalf
the sources. In those cases where a good optical counteguatit
date was found, based on the positional coincidence ancttee-d
tion of emission lines (e.l.) in the spectrum, we includeel piece
of information in column 9 as ‘O(e.l.)’. More details and ués
from X-ray and optical follow-up observations are alreadipp
lished for some sources (the references are provided imcoR
and in the paragraphs on individual sources) and for othérbev
included in a forthcoming paper (Israel et al. in prepargtio

In column 9 we used the following acronyms: NS, neutron
star; BH, black hole; WR, Wolf—Rayet star; SNR, supernova-re
nant; SMC, Small Magellanic Cloud. Most sources are exjgetcte
be CVs or HMXBs; in general we favour a CV identification when
the source is far from the Galactic plane (high or low Gatalati-
itude b) and/or the luminosity appears to be low10*? erg s!)
and/or there are possible associations with globularetssir faint
optical counterparts; we favour an HMXB nature when a period
variation (P) is measured and/or there is a possible bright optical
counterpart. The pulse profiles of detected pulsators arersin
Fig.[d and B together with their inferred periods and pulsed-f
tions.

An on-line version of the CATS @ BAR catalogue is main-
tained at http://www.oa-roma.inaf.ittHEAG/catsatbalt/ will in-
clude new sources detected in the future and updated infarma

4.1 Individual sources

The signals reported for CX0J165334.4-414423,

CX0U J181924.1-170607, CX0J182531.4-144036 and
CX0J174728.1-321443 were independently discovered in

other projects usindcKMM-Newtonor Chandra data .
2014 Farrell et al. 2015; Muno etlal. 2008). We listed theranev

so, because either we discovered them before their publicéor

the first two cases; Lin et Bl. 2014; Farrell etlal. 2015) oraose

our analysis led us to different conclusions (in the othstances;

Farrell et all 2015; Muno et Al, 2008).

4.1.1 CX0OJ002415.9-720436

This source is possibly part of the globular cluster 47 Tuc,
which was observed with Chandra many times (e.g.
Grindlay etal. [20d1; [ Edmonds et al. 2003a,b; Heinke ket al.
2005b; [ Heinke, Grindlay, & Edmonds_2005a). The timing and
spectral parameters in Table 1 were inferred from obsemns®53,
955, and 2735-8. Although the signal was originally detete
about 4 325 s, the study of the pulse shape revealed thatrezto
period is about 8650 s. In fact, when folded at the latterqakri
the pulse profile is asymmetric and shows a total eclipséntast
for about 8 minutes (Fi@]2). Edmonds et al. (2003a) propased
X-ray period of 6.287 h, which is not confirmed by our analysis
The length of the period and the presence of a total eclipsagly

favour a CV interpretation, as it was proposed by Edmonds et a
(2003h).

© 2016 RAS, MNRAS000, [1H18
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4.1.2 CXOUJ004814.1-731003

The power spectrum shows one highly-significant signal as 51
plus its harmonic at 25.5 s. Moreover, ttghandra position

is consistent with that of XMMU J004814.1-731003, a 25.5-s
Be/XRB pulsar 8b). Our findings stronglggest
that SXP 25.5[(Lamb et bl. 2d02), SXP 51 (Galache ket al.|2008),
XMMU J004814.1-731003, and CXOU J004814.1-731003 are all
the same source, and its true perioa-i51 s.

4.1.3 CXOU J005048.0-731817

CXOU J005048.0-731817 is a transient HMXB pulsar in the SMC.
In 2010 April-May, this source underwent a long-lived20 d)
outburst, during which the luminosity increased by aboud tw-
ders of magnitude (up te 1.2 x 10°¢ erg s™!). The event was for-
tuitously sampled by Thandraobservations and the source was
serendipitously detected in its quiescent state, at a lositir of ~
10** ergs!, in other 15Chandrapointings from 2002 October
to 2010 June. The fact that, despite all this, the source wemb-
ticed in theChandradata for years, even in campaigns focussed
on the study of HMXBs in the SMC, testifies to the importance of
systematic searches for periodic signals.

Detailed analysis of this transient pulsar was reported in

Esposito et al.| (201Bc). Here we just make two remarks. Iirst
we note that CXOU J0050 is a different object from the SMC pul-

sar RX J0058.2-7231 (Haberl, Eger, & Pietsch 2008a), whash h
a similar period £291 s) but is located about hway. However, it

is unclear whether CXOU J0050 or RX J0058.2—-7231, as prapose
by|Haberl et &ll.[(2008a), is responsible for the RXTE detectif

the 293 s signal tentatively catalogued as SXP 293 (XTE J9051
727; b), whose uncertain position is cbeist
with both objectsO8). Secondly, the aimlyf
archival spectra of the optical counterpart of CXOU JOO%@an
September 2007 with the 3.6-m ESO telescope, allowed us to re
fine the spectral classification, which resulted to be a O9wBire
likely an O9) IV-V class spectral-type star.

4.1.4 CXOUJ005758.4-722229

Detailed analysis of this source will appeM@).

4.15 CX0J021950.4+570518

The presence of a faint{ > 20) counterpart in the X-ray error cir-
cle and a luminosity of (24? x 10%° erg s™! (assuming a distance
to NGC 869 of 2.4 kp 09) suggest a CV.

4.1.6 CXOUJ063805.3-801854

A bright star B = 16.3, R = 15.7; USNO-B1.0 0096-0020652)
is consistent with the X-ray error circle.

4.1.7 CXOJ123030.3+413853

CX0J123030.3+413853 is located in the low-metallicityrabi
galaxy NGC 4490, which is interacting with the smaller iweg
lar NGC 4485. In_Esposito etlal. (2013a), we interpretedititsng
modulation at~6.4 h (~90% pulsed fraction, confirmed also by
XMM-Newtordata) as an orbital period and, considering the mor-
phology of the folded light curve and the maximum peak X-ray
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P =8649 s, PF = 94%
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Figure 2. CATS pulse profiles. The source, as well as the period usezddte data and the pulsed fraction, are indicated in eaghlpa

luminosity of~ 2 x 10* ergs™' (for d = 8 Mpc), we proposed
the source as a BH HMXB with a Wolf—Rayet (WR) star donor.

Besides their rarity and evolutionary interest, theseesyst
are particularly interesting because they are precursbidSs-
BH and BH-BH binaries, which may merge emitting gravitasibn
waves and creating a more massive BH_(Abbott et al. [2016). In Periodic signals from these sources were discovered ingéan
Esposito et al| (2015b), we derived from the current samidiHo- posure of the Circinus galaxy (ESO97-G13). CX0 J141430.1-
WR candidates (7 objects, in four of which the WR counterpast 651621 is more than 2 arcmin out of the border of the Circi-

been securely identified) an upper limit to the detectioe odistel-
lar BH-BH mergers with Advanced LIGO and Virgo ef16 yr—*

4.1.8 CXOUJ141332.9-651756 and CX0O J141430.1-651621

© 2016 RAS, MNRASD00, [1H16
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Figure 2 —continued

nus galaxy and therefore an association is ruled out. A spin p nondetection of the optical counterpart suggest a distéarger
riod of 1.7 h and an orbital period of 17.8 h pin down the than~5 kpc [Esposito et al. 2015b). Albeit at3.5 arcmin from
source a CV of the IP type. Its X-ray spectrum can be mod- the nucleus, CXOU J141332.9-651756 appears inside thin@rc
elled by a power law with photon indek ~ 1.4 and the flux galaxy. However, the absorption column, which is much senall
of ~1 x 107 '3 erg cn? s~! shows~50 per cent variability on  than the total Galactic density in that direction, argueairzsj
time-scales of weeks—years. The typical luminosity of IRg #he an extragalactic source. Indeed, the probability of a faregd

© 2016 RAS, MNRAS000, [1H18
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Figure 2 — continued

Galactic X-ray source is substantiak10 per cent, as estimated
from the cumulative Galactic X-ray source density versug flu
distribution from theChandraMulti-wavelength Plane survey by
ivan den Berg et &l. 2012). The modulation period is 1.8 h aad th
emission (flux of~5 x 107 ergcn? s7*, with ~50 per cent
variations on weekly/yearly scales) can be described bywepo

law withT" ~ 0.9. CXOU J141332.9-651756 is probably a (Galac-
tic) magnetic cataclysmic variable, probably of the polgpet
(Esposito et dl. 2015b). Assuming that the companion is a M5V
star (or similar), the nondetection of its optical counsetpmplies

d z 0.7 kpc; therefore, if the system is within a few kpc, its lumi-
nosity is in the normal range for polars.

© 2016 RAS, MNRASD00, [1H16
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Figure 2 — continued
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4.1.9 CXOU J153539.8-503501

This source is within the tidal radius of the globular cluste
NGC 5946 [(Davidde 1995). A possible faint counterpait$ 20)
is consistent with it€handraerror circle.

4.1.10 CXOUJ163855.1-470145

Ha emission line in the spectrum of thé& = 20.2 magnitudes
counterpart and a X-ray to optical flux ratio of 0.

M) classified this source as a candidate CV. Our disgmfex

period of~6.1 hr supports a CV nature for the new pulsator.

4.1.14 CXOJ174728.1-321443

Archival XMM-Newtordata confirm the modulation at a period of [Muno et al. 8) proposed a modulation around 5000 s using

5827(19) s, implying a spin-down rate 8f2) x 1077 s s™*; or
25(8) s yr'. This suggests that the pulsations reflect the rotation
of a NS. Assuming a distance of 10 kpc for the Norma Arm, the
luminosity is~10%% erg s .

4.1.11 CXO0J170113.3+640757

Optical spectroscopic follow-up observations led to thenidfica-
tion of an optical counterpart showing H and He emissiorsline

4.1.12 CXOUJ173113.7-212552

The period was discovered in ti&handraobs. 6714, but not in
obs. 6716, few days apart. AAMM—-Newtorpointing detected the
source, but is too short to confirm the signal (less than Zsyate
covered). Optical spectroscopic follow-up observaticasied out
at NOT led to the identification of an optical counterpartvgimy
H and He emission lines.

4.1.13 CX0J174638.0-285325
. 8) reported on the optical spectroscopyhef

likely counterpart of this source as part of the study of @ean-

the same data sets (4566—4567, 2004 March). IKMM—Newton
follow-up observation carried out in 2014 August, we meadur
a period of 4941(52) s which is, within uncertainties, ceteit
with theChandravalue.XMM-Newtorcaught the source at a much
lower flux of ~ 4 x 10~ ergem? s, a factor of about 25
fainter.

4.1.15 CXOUJ174811.0-244930, CX0O J180900.0-435039

These sources are within the tidal radius of the globulastetu
Terzan5 [(Lanzoni et al. 2010) and NGC 6541 (HHris 1996), re-

spectively.

4.1.16 CXOUJ181924.1-170607

First discovered by our group Bwiftand XMM-Newtondatasets
(Nichelli et al. [2011), was later rediscovered by Farrellet
). Optical spectroscopic follow-up observationsiedrout at
NOT led to the identification of a faint optical counterpdrowing

H and He emission lines. Furthermore, by using all @endra
XMM-Newtorand Swiftarchival data, which span over more than

dra Multiwavelength Plane Survey, ChaMPlane. Based on broad 8 years, we inferred asc3upper limit on the first period derivative

© 2016 RAS, MNRAS000, [1H18



12 G.L.Israeletal.
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Figure 3. Same as Figufd 2 but for the latest three sources in [Thble 1

of |P| < 107''ss™!. These findings strongly disfavour the sce- 4.1.19 CXO0 J193437.8+302524, CXOU J204734.8+300105,
nario of a slow X-ray pulsar in a HMXB (Farrell etlal. 2015), iveh CXOU J215447.8+623155, CXOU J215544.5+380116

strengthens the CV scenario proposed by Nichelli et al. 1201

For all these sources, optical spectroscopic follow-upenlations
led to the identification of optical counterparts showingrd dle
4117 CXOJ182531.4-144036 emission lines.

Pulsations at a period of 785(2)s and 5000s were first regorte

by [Muno et al. [(2008), based onXMM-Newtorpointing carried ~ 4.1.20 CXOU J225355.1+624336

o;;tlcz)n 120081('??{;' 10-11, QWE?nstsht; Tourcetﬁvas dett:éfd Zt a flux We discovered in CXOU J225355.1+624336 a modulationt s
of 1.9(1) x erg ™ s7(35% larger than in andra in a series ofChandraobservations carried out in 2009. The modu-

doatazj. 'It'het_S 00? ? gllgnal Waf cltgssm_ed azozgk%y no:jse ﬁgm lation was recovered also Bwiftand ROSATdata, allowing us to
ur detection o (8) s pulsations ina handraobser- infer an average increasing rate of the perioe-@f7 ms per year in

vation shows that the period did not changed significantlpragn 16 years and, therefore, to decipher the signal as theontpériod

e ot ot fa scrlg, prving o NS (ESposto . 2013)

a** flag to the 781 s signal ' Follow-up observations at the Nordic Optical Telescopeenad
9 gnalt. it possible to classify the NS companion as a BO-1IlI-Ve (mos

likely a B1Ve) star at a distance of about 4-5 kpc. The X-ray lu

minosity of~ 3 x 10%* erg s7!, steady within a factor o£2, sug-

4.1.18  CX0J191404.2+095258 gests that 1RXS J225352.8+624354 is a new member of the sub-

CX0J191404.2+095258 is the soft X-ray counterpart of class of low-luminosity persistent Be/X-ray pulsars sanito X

IGR J19140+0951, discovered wWitNTEGRALIn 2003 March ~ Persei, which have long orbital perioft¢., 2 30 d) and wide and

(Hannikainen et all_2003). It was identified as an HMXB with ~Circular orbits ¢ < 0.2).

orbital period of 13.552(3) d (Corbet eflal. 2004b; Wen £2a06)

and a B0.5 supergiant companion (in’'t Zand el al. 2004) &xtat

3;113.'?225?0 of about 3.6 kpc (Torrejon etial. 2 Olo)oga';egn" 5 SIGNALSOF INSTRUMENTAL ORIGIN

X-ray intensity that can span 3 orders of magnltu. As a by-product of the project, we collected and analysethall

[2016).lin’t Zand et &l.| (2004) reported on the hint of a pdssib  information related to the spurious signals recorded bydetec-

modulation at~6.5 ks, that needed confirmation. A modulation tion algorithm. Figlih shows the sensitivity map as a functid

near that value was indeed found in our projeeb(9 ks; TablglL). frequency for the CATS signal search. Boundaries are @idted-
A 1.46 mHz quasi-periodic oscillation was discovered dyra wards low frequencies by the maximum length of a single jpmint
recent XMM-Newton observatioh (Sidoli et/al. 2016). (one orbit of about 130 ks), and at high frequencies by thdaeia

© 2016 RAS, MNRASD00, [IH16
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Figure 4. Sensitivity map as a function of frequency for the CATS slgmarch: drops in the sensitivity are due to the ditheriggals (in the 103—10~2 Hz
interval) and the sampling times (above 0.1 Hz; see Sddiondetails). The red arrows mark the longest and shortegigdiscovered by the CATS pipeline.
In the inset we show the more frequent spurious signals @etdry the pipeline during the search, the most prominemigbai the dithering frequencies plus
many harmonics.
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Figure 5. Main properties of the CATS @ BAR sample of new X-ray pulsatéirom left to the right are shown the period distributiceft(panel), the flux
distribution (central panel), and the period versus fluwneléight panel), where the solid lines mark the objectsaletkat different flux levels (the right
arrow marks a variable object for which we can rely upon omlg dataset), the (blue) triangles corresponds to the &ainbiSs in the Be X-ray binaries
of the SMC, and the (red) squares the spin and orbital pedbtise new CV/IP in the field of view of the Circinus galaxy. Imetleft panel we marked the
period interval where the effects of the spacecraft dittgehiumper the detection of true signals. In the central pdueesolid black and the stepped red lines
correspond to the flux distributions obtained by assumiegitinimum and maximum fluxes of variable objects, respdgtive

times of the ACIS. For most observations it is 3.2s (0.312hHz 6 SUMMARY AND CONCLUSIONS

while in subarray modes it can be from 1/2 to 1/8 of the nomi-

nal value; this is reflected by the bumps at high frequencyclwhi  In Figurd® we present some characteristics of the CATS @ BAR
are due to the corresponding Nyquist frequencies. The shraps selected sample. The first panel shows the period distoifougl-

are produced by the ACIS dithering periods (1 000s and 70i@cs) a though some frequency intervals are affected by the seitgiis-
their harmonics extending up to 0.02 Hz. This is shown in more sues discussed in Sect[dn 5, a clustering ardugd® ~ 3.8 (about
details in the inset, where we plotted all the detected spsrsig- 6000 s) is evident. This resembles the period distributib@\d
nals. We notice the presence of a number of additional signal peaking atlog P ~ 3.8 andlog P ~ 4.2 with a gap in between
which are not likely associated to any of the fundamentdiedit ml). This agrees with the preliminary dfess

ing frequencies but present in some pointings (such as ginalsat tion of the sources in Talé 1.

4x10~* Hz). The use of thelA0 taskDITHER_REGION for each

detected signal allowed us to reject these cases (see afSorf). the past and briefly overviewed in Sectidn 1 discovered only p

The red arrows mark the longest and shortest period disedvsy sators with periods above400s, we also detected pulsators as
the CATS pipeline, namely CXOU J005758.4-722229 (7.9s) and ¢t a5 8. This is partly due to the algorithm employed (iain

CXOU J191043.7+091629 (36 204 s, see Thble 1). LS periodograms and algorithms based on thetatistics), partly
might be due to the likely larger number of pulsators withimt

It is worth noticing that all the similar projects carriedton

© 2016 RAS, MNRAS000, [1H18
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sically longer periods, and partly to the increasingly dtecice of
spin modulations at short periods. In the latter case, thetiec-
tion depends on the physical conditions of the accretingailigee
below).

The observed flux distribution (in the 0.5-10keV band) is
shown in the second panel of Figlife 5. The relatively high loem
of new pulsators with low fluxes likely reflects the average i
the Chandrapoint sources| (Evans etlal. 2010; Wang ét al. P016).
At any rate, this is a testament of the effectiveness of pégity
search as a tool to infer the nature of faint objects.

The third panel of Figulg5, where the periods are plotted
against the flux, shows an empty region corresponding tacesur
with short period and low fluxes. In fact, though we discodere
very faint pulsators below 103erg cm 2 s~! with periods above
~3000s, we did not detect any pulsator with similar fluxes but
shorter periods. This lack is not due (only) to poor statssgiven
that pulsators with similar number of photons but longeriqar
were reported in Tabld 1. Since there is not an obvious biainsiy
these detections, a possible interpretation could be mseaf a
magnetic gating mechanism (€.g. Campanalét all 1998; Peafla e
and references therein). Whether or not a magnetized co
pact object accretes on its surface depends from the cosopari
between to distances: the corotation radiis and the magneto-
spheric radiug'mas. The former marks the distance at which the
balance between the centrifugal forces and the local gras/iat-
isfied and it is defined as:

Tcor = <7GMXP2 ) v

1
1 @
whereM x andP are the mass and spin period, respectively, of the
compact object. The latter marks the distance where thenbala
between the magnetic pressure and the ram pressure of aliamf
material and can be written as follows:

Timag = 17 (2GMx) "M 2T )

wherey is the magnetic moment of the compact object aridhe
rate of infall matter??). From the relati@amove,
it is evident that the higher the magnetic field of the commdet
jects, the larger the infalling mass rate must be to win therifa-
gal force of the rotating magnetosphere, to accrete effigien the
surface of the compact objects and to emit X-rays modulatétea
spin period (corresponding to the physical condition that¢oro-
tation radius is larger than the magnetospheric ong,< rmag)-

In this scenario, the deficiency of short-period persispent
sators at low fluxes is not surprising (the only four objeetsirfg
in the depleted zone are transient or variable sources)etietess,
we also warn the reader that the underabundance of acci¢Beg
with respect to CVs (with intrinsically longer periods araer
fluxes) might also play an important role in depleting theiorg
corresponding to sources with short period and low fluxes.

In principle, a luminosity—spin period diagram might be an
useful tool to estimate.,., and thus to obtain a lower limit on the
magnetic field of the compact object. However, in order tondra
firm conclusions, other key information are needed. In paldir
the distances, to convert the fluxes into luminosities, ardtbital
or spin nature of the modulations (which is not always shtiag-
ward). Also, a larger statistics would be desirable to befreum-
scribe the empty area.

Such larger statistics is expected to be achieved by means of

similar projects which are currently on-going and aimedat e
ploiting the Swift archive Swift Automatic Timing Survey, aka
SATS @ BAR) and theXMM-Newtondata (Exploring the X-ray

Transient and variable Sky, aka EXTE)S First results from

these projects are reported lin Esposito btlal. (2014, 2046d)
Esposito et al| (2016), respectively.
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Table Al. Datasets used for the timing analysis reported in this work.

Name Observation ID

Chandra XMM—-Newton

CXO J002415.9-720436 78,953,955 ,956 ,2735,2736 ,273B,3884 ,3385 ,3386,
15747 ,15748 ,16527 ,16529 ,17420

2945 14674

2945 ,3907 ,7156 ,8479 ,11095 ,110997 ,11980,11981,
11982 ,11983,11984 ,11985,12200 ,12208 ,12210 ,12211,

12212 ,12215,12216 ,12217

CXOU J004814.1-731003 0110000101, 0403970301, 0404680101

CX0OU J005048.0-731817

CXOU J005440.5-374320

16028 ,16029

0700580401

CX0OU J005758.4-722229 13773 ,14671 ,15504

CXO J021950.4+570518 5407 ,5408 ,9912 ,12021 0201160201
CXOU J055930.5-523833 12264 ,13116,13117 0604010301
CXOU J063805.3-801854 14925

CX0OU J091539.0-495312 14544 ,16603 .
CXOUJ111133.7-603723 2782 ,12972 ,14822 ,14823 ,14820614 6497 0051550101

CX0U J112347.4-591834

126 ,6677 ,6678 ,6679 ,6680 ,82217,84

0110012701, 0400330101, 0743980101

CXO J123030.3+413853  1579,1579 ,4725 ,4725 ,4726 0112280856300101
CX0U J123823.4-682207 11308 .

CXOU J141332.9-651756 12823 ,12824 0111240101

CXO J141430.1-651621  355,356,12823,12824 0111240101

CXOU J153539.8-503501 9956 .

CXO J161437.8-222723 7509 0404790101

CXOU J163855.1-470145 12516 ,12517 0303100101

CXO J170113.3+640757 547 ,8032,8033,9756 ,9757 ,9758 ,97%0 ,9767 0107860301

CXO J170214.7-295933

3795 ,5469 ,6337 ,8984 ,13711 ,14453

0111360501, 0112900201

CXO J170227.3-484507 4445 ,4446

CXO J171004.6-321205 4549, 16708

CX0UJ173037.7-212633 4650 ,6714 ,6715 ,6716 ,6717 ,6BB%,16004 ,16614 e
CXOUJ173113.7-212552 6714 ,6716 0084100101

CXO J173359.0-220614 4583

CX0UJ174042.3-534029 79, 2668, 2669, 7460, 7461

CXO J174245.1-293455 2283 ,7043

CXO J174638.0-285325 945, 7048, 14897, 17236 0202670868600101

CXOU J174811.0-244930

14625 ,15615

CX0UJ180839.8-274131 15794

CXO J180900.0-435039 3779

CX0OUJ181516.4-270851 16505 ,16506 .

CXO0U J181924.1-170607 12348 0402470101 0604820101, 0693900101
CXO J184441.7-030549  8163,11232,11801 0046540201, 0602350101, 0602350201
CXOU J185415.8-085641 14585 .

CX0UJ191043.7+091629 13440 ,13441 0084100401, 0084100501

CXO J193437.8+302524 587 0723570401

CX0U J204734.8+300105 740 0082540701

CXOU J215447.8+623155 8938,10818 ,10819 ,10820

CX0U J215544.5+380116 3967 ,12879 ,13218

CXOU J225355.1+624336 9919 ,9920,10810,10811,10812 WBOED1

CXO J165334.4-414423 6291 0109490101, 0109490201, 0109490301,
0109490401, 0109490501, 0109490601

CXO J174728.1-321443 4566 ,4567 ,13580 0743980401

CXO J182531.4-144036 4600 ,5341 0505530101

CXO J191404.2+095258 4590 0761690301

APPENDIX A: ARCHIVAL DATA

For sake of completeness we list, for each source in Talléh&lcorresponding observation(s) we used for the timingyaisaand to infer

the fluxes.
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