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ABSTRACT

Aims. To determine the credentials of nine candidate intermegiatars in order to confirm whether or not they are magneta-ca
clysmic variables.

Methods. Frequency analysis G®XTE andXMM data was used to search for temporal variations which caalasbociated with the
spin period of the magnetic white dwarf. X-ray spectral gsiglwas carried out to characterise the emission and airmofroperties

of each target.

Results. The hard X-ray light curve of V2069 Cyg shows a pulse period748.2 s, and its spectrum is fit by an absorbed
bremsstrahlung model with an iron line, confirming this toabgenuine intermediate polar. The hard X-ray light curvehefrevi-
ously confirmed intermediate polar IGR J0028441 is shown to be consistent with the previous low energgaydetection of a
563.5 s pulse period. The likely polar IGR J14536-5522 shmvsoherent modulation at the previously identified perib@.a hr,
but does exhibit a clear signal at periods likely to be haricaily related to it. Whilst ouRXTE observations of RX J0153+t3447,
Swift J061223.8701243.9, V436 Car and DD Cir are largely too faint to give dafinitive results, the observation of IGR J16167—
4957 and V2487 Oph show some characteristics of intermegdi@lars and these objects remain good candidates.

Conclusions. We confirmed one new hard X-ray selected intermediate padan bur sample, V2069 Cyg.

Key words. stars:binary — stars:novae, cataclysmic variables — X:réynaries — stars: individual: IGR J00231141, RX
J0153.3-7446, Swift J061223:0701243.9, V436 Car, DD Cir, IGR J14536-5522, IGR J16167#492487 Oph, V2069 Cyg

1. Introduction This has raised the question of whether the existing popu-
. . lation is biased towards being soft X-ray selected. Witls thi
Intermediate polars (IPs) are a sub-class of cataclysmiablas i, mind we started a programme to identify and characterise
(CVs) which have a strong magnetic field on the white dwaliarg X-ray selected candidate IPs (Butters et al. 2007,],2008
The strength of the magnetic field is generally believed to F%OS)). The work presented here is the final stage of that pro-
somewhere between that of the non-magnetic CVs and their glass” and presents an investigation of nine further caralidat
ter class the polars. This gives an expected range of a fewdMG g \with RXTE. Most of these objects (i.e. IGR J0023B1L41,
afew tens of MG at the white dwarf surface. Swift J061223.6701243.9, IGR J14536-5522, IGR J16167—
The magnetic field is large enough to dramatically alter they57, 2487 Oph and V2069 Cyg) have been selected on the
accretion flow, but not large enough to synchronise the spih apasis of their hard X-ray emission. However, we also include
orbital periods. This gives rise to flux variations in theiopt 3 few IP candidates (i.e. RX J0153.3446, V436 Car and DD
and X-ray bands pulsed at the spin period (as well as harmmongsir) which have had no previous reports of hard X-ray emissio
and beat periods). For a good overview of CVs see e.g. Warfgf comparison. Each target has previously been observibein
(1995). optical and classed as a likely IP, with usually the X-rayafait-
Their is no formal definition of what characteristics an IRty missing in order to definitively classify it.
must have to be definitively classed as a genuine member.
Common features include coherent optical and X-ray modulg- . .
tions at the white dwarf spin period (gldat the the beat period ¢~ OPServations and data reduction
between the white dwarf spin and orbital periods) and anyX-rgata were obtained from tHeXTE satellite (Bradt et al. 1993)
spectrum fit by an absorbed bremsstrahlung model, usually Wjyith the PCA instrument in cycles 12 and 13. Initial data @du
a strong fluorescent iron line at 6.4 keV. The population, afgn was done with the standardooLs. Only the top layer of
classifications used here are those of Koji Mllkand therefore each PCU was included in the measurements and the time reso-
we consider there to be 34 confirmed IPs. lution of the data was 16 s. Background subtracted lightesirv
The hard X-ray NTEGRAL mission has found many of thewere constructed in four energy bands: 2—-4 keV, 4-6 keV, 6—
existing population of IPs in its survey (Barlow et al. 2006)10 keV and 10-20 keV, as well as a combined 2—10 keV band
for maximum signal-to-noise. Each of these were then sedrch
! httpy/asd.gsfc.nasa.goji. Mukai/iphomgiphome.html (IP cata- for periodicities using theLean algorithm of|Lehto [(1997),
logue version 2009a) which iteratively de-convolves the window function frometh
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0.0030

data. Where a period was found the data were folded at this pe- .
riod and an estimate of modulation depth made. o

A mean X-ray spectrum was also extracted, and two simpEeo'mO
spectral models fitted to it: a bremsstrahlung and a power laiw °°°" Ta00 200 0 200
each absorbed by a single column density of neutral hydrdgen .00
each case the energy range 5.5-7.5 keV was ignored to achieve0os i
a fit to the bulk of the data, then this range was added back inovooooO oot
to fit any excess that might be present due to iron line emissio Cycles/Day
If the fitted spectrum could not fit the Galactic column densit  ©°°2° ‘ ‘ ‘
well then an interpolated value fram Dickey & Lockman (1990). .-
was calculated using the HEASAR®G; web interfadd, denoted
D&L in the text.

RXTE has a large field of view, therefore for each targ
the ROSAT Bright Source Catalogue was searched for nearby
sources. Any sources present had tHXTE count rate esti-  0.0000 dlkikbabbluibh staldlfin bl dud bt bbbl bl
mated with webPIMMB and scaled according to their position
on the detector.

In the case of IGR J1616-A957 we also presedMM data Fig. 1. ThecLeaned power spectrum of the 2—10 keV light curve
alongside th&’XTE data. TheXMM data was taken from an ob-of J0023. The upper plot shows the raw power spectrum with the
servation made in August 2006 (ObsID 0402920101). The EPWindow function insert; the lower plot shows the deconvdlive
pn and MOS instruments (Striider et al. 2001; Turnerlet &11P0 (cLeaned) power spectrum. The dashed line is at 153 cycled day
accumulated photons in “small window” mode with the mediu663.5 s).
filter. In addition to theXMM data, we obtained the calibration
files indicated as necessary for this observation by theren-I
software tookifbuild. We used the Science Analysis Software 1.0
(SAS-10.0.0) package to reprocess the pn, MOS1, and MOS2
data usingepproc andemproc, yielding photon event lists for 0.8
the three instruments. Although proton flares sometimesecau
portions of XMM observations to have very high backgrounds, .
we did not find evidence for proton flares, and we were able to 5
use the full exposure time.

We used the SAS toolmmselect to produceXMM energy
spectra for IGR J16167-4957. We used standard event fidterin
and included photons within an aperture with & 3a8dius. We 06
took background spectra from the nearest source-freerregio
the CCD. For the MOS detectors, we used the 0.1-10 keV band-
pass, and for the pn detector, we used the 0.2-12 keV bandpass

The observing log can be found in Table 1, and the targets 1
are now presented in order of R.A. e T s T T T T T T,

Window Power
o
>

S
o
il

LgNed Pow

0.0005

Cycles/Day

0.7

Counts/s/PC

Phase
3. The candidates Fig. 2.The 2-10 keV background subtracted light curve of J0023
folded at 563.5 s with an arbitrary zero point. Two cycles are
3.1. IGR J00234+6141 shown.

This is classified as an ‘ironclad’ IP (according to the IP-cat
alogue version 2009a) with both an established spin andabrbi

period in the opticalRguin = 5635 s andPq, = 14 520 s respec- .
tively (Bonnet-Bidaud et 41, 2007)). Further to this Anzalital. | €cLeaved power spectrum of the 2-10 k&RXTE light curve

(2009) repor’XMM observations which clearly show spin mod{Fig-LI) has a peak at 153 cycles daywhere the 563.5 s spin
ulated X-ray variability below 2 keV, but not above it. No Har P€riod would be expected to be seen), however, this is inesfor
X-ray detections of the white dwarf spin period have been raf P&aks, each with a similar power to the ‘noise’ seen elsgeh
ported| Tomsick et all (2008) rep@handra spectra over a sim- | "€ peak at10 cycles day" is too close to the length of some
ilar energy range. ) of the data sets to be considered legitimate here.
The 2-10 keV light curve folded at the previously identified

) spin period is shown in Figl 2 where a single peaked modulatio

3.1.1. Observations and results is seen. Folding the light curve infEérent energy bands gives

J0023 was observed over two consecutive days with a totaldfrend of increasing modulation depth with increasing gyer
41776 s good time in PCU2 (see TaBle 1). The 2-10 keV gfsummarised in Tablg 2). Folding the data at the 14 520 sarbit

ergy band raw count rate varied between 2.0-6.1-ttand period gives an indication of a double peaked modulation-ho
the background count rate was 2.9-4.0¢t The mean back- €Ver this is by no means conclusive.

ground subtracted count rate in the 2-10 keV band was 0-%.cts ~ The parameters of the spectral models used to fit the J0023
X-ray spectrum are shown in Taljle 3. In both cases the column

2 httpy/heasarc.gsfc.nasa.gogi-biryToolsw3ntyw3nh.pl density had to be pegged to a lower limit. An iron emissioe lin
3 www.ledas.ac.uk is clearly present and the spectrum is hard, as shown ilJFig. 3




Table 1.0Observing log. Targets are ordered by R.A.

Butters et al.: RXTE and XMM observations of intermediatéapeandidates

Target R.A. Declination  Abbreviated Obs. Start time Encktim Good time
name
(UTC) (UTC) (s)
IGR J00234-6141 002257.64 +614107.6 J0023 RXTE 17:29:50 010309 16:20:17 0®309 41776
RX J0153.3-7446 015321.01 +744621.9 JO153 RXTE 00:15:44 2(04/09 11:14:17 204/09 41376
Swift J061223.6701243.9 061222.6 +701243.4 J0612 RXTE 00:24:37 300309 06:16:17 30309 39216
V436 Car 07445793 -525713.8 - RXTE 15:45:44 00309 13:35:17 1M3/09 27456
DD Cir 14232341 -690845.2 - RXTE 07:18:01 2512/09 11:10:17 282/09 49312
IGR J145365522 1453 41.06 -552138.7 J1453 RXTE 03:39:12 2411/07 04:00:32 2B1/07 31320
IGR J1616%4957 1616 37.20 -495847.5 J1616 XMM  16:11:15 170806 22:25:40 170806 22465
IGR J1616%4957 1616 37.20 -495847.5 J1616 RXTE 10:21:59 171209 14:13:17 182/09 34864
V2487 Oph 173159.8 -191356 - RXTE 22:20:18 200810 14:29:17 2810 42312
V2069 Cyg 21234482 +421801.7 - RXTE 04:05:49 071209 11:22:17 082/09 37472

* Used henceforth.

Table 2. Modulation depths of the J0023 light curve folded aparable count rate to that measured here and which is a likely
563.5s. contaminant in thesBXTE data.

We conclude that oURXTE data are consistent with the pre-
vious IP classification of J0023, but are unable to shed much

Energy Mean count Modulation depth

(keV)  (cts?) (%) further light on its properties.

2-4 019+ 0.01 47+50

4-6 025+0.01 59+43

6-10  026+001 158+438 3.2. RX J0153.3+7446

10-20 009+001 484+164
J0153 was discovered in tHROSAT all-sky survey and a spin
period of 1414 s was suggested (Haberl & Motch 1995). An or-

IGR J00234+6141 bital period of 14183 s (3.9396 hr) has been proposed (jerivat
communication cited in_Downes et al. (2001)) but never pub-
=t

lished.[Norton & Tanner (2006) carried out optical photompet
g and found strong modulation at a period of 2233. They also
reanalysed thROSAT data and concluded that the true spin pe-
riod is probably 197430 s with the 2333 s optical period then
being the beat with the 3.9396 hr orbital period.

J0153 was observed WitRXTE over two consecutive days
with a total of 41 376 s good time in PCU2 (see Tdllle 1). The 2—
10 keV energy band raw count rate varied between 1.9-58 ct s
and the background was 2.8-4.1 ct.sThe mean background
subtracted count rate in this energy band was 0.18'ct s

LT Fig.[4 shows theLeaned power spectrum of the 2—-10 keV

f** TTTT‘JﬁT o background subtracted light curve. No significant peakseee,

E ‘ LJFJF o ] but a peakis present (albeit a small one) at 1974 s (43.8 cycles
5 10 day1). However, folding the data at the 1974 s and 2333 s pe-

riods yields no significant coherent modulation in eithesecat

. ] each energy band.

Fig. 3. Bremsstrahlung model fit to the 2.5-12 keV spectrum of - ynfortunately, the flux in the background subtracted X-ray

J0023. spectrum is too faint to achieve a meaningful fit to the data.

Furthermore, there is another X-ray source near by thateyli

to have a comparable count rate to that measured here, which

Véron-Cetty & Véronl(2006) classify as a quasar.

The trend of increasing modulation depth with energy is the Thedetection of JO153in this RXTE observationis therefore

opposite to what is commonly seen in other IPs, where phoﬁﬁmy too faint to form any definitive conclusion as to itsurat

electric absorption is responsible for much of the modaiati

However, the modulation depth of the folded light curveshi@ t 5 5 g J061223.0+701243.9

2—4 and 4-6 keV bands is close to being consistent with zero.

This is in good agreement with Anzolin et al. (2009) who foundery little is known about J0612. It was discovered inside th

no modulation above 2 keV. We note that there is some indidéeld of view of a Swift BAT trigger (Grupe et al. 2006a) and

tion of significant modulation above 6 keV in our data and convas seen to brighten then fade over a period of 58 ks while

clude that this is at least consistent with the previoustected Saift was observing it. It was later observed again witkift

white dwarf spin period. for ~8 ks to measure a spectrum_(Grupe etal. 2006b). The
The spectral properties are quiteffdrent from those of spectrum was modelled by an absorbed power law Witk

Anzolin et al. (2009) and Tomsick etlal. (2008), and are hard 1.61+ 0.24 andNy = (1.8 + 0.8) x 10?1 cm2 and the flux was

explain. However, there is a source near by that may have a c@20x 1072 ergs cm? st in the 0.3-10 keV band. Grupe ef al.

0.1

0.02

normalized counts s keV*

0.01

A0 i A RPN

0.01

residuals
o

-0.01

Energy (keV)

0b30 17-May-2010 15:33

3.1.2. Discussion
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Table 3. Spectral fit properties. Uncertainties are given at the 96#éidence level.

Target Modet  ny KT T E oE EW y? Flux (2-10 keV)
10?%%2cm?  keV keV keV keV 10t ergscm? st

J0023 B 0.733 108+21 - 65+02 0+03 05 1.2 0.77

J0023 P 0.733 - 19+01 66+02 0+£04 0.6 0.94 0.79

V436 Car B 0.14 117+48 - - - - 1.3 0.48

V436 Car P 0.14 - 19+02 - - - 1.1 0.50

J1453 B 0.524 25+1 - 6.4:0.1 0.3:0.1 04 1.1 4.1

J1453 P 0.80.8 - 1.60.1 6.3:0.1 0.50.1 0.5 0.9 4.1

J1616 B 2.16 17 - 6.4 0 3.5 5.7

J1616 P 2.16 - 1.75:0.02 6.40.1 0.x0.1 0.6 1.2 5.6

V2487 Opfi B 0.2 10.4 - 6.4 0 0.5 2.7 1.2

V2487 Oph P 0.2 - 1.96:0.07 6.4:0.1 0.20.2 0.6 1.6 1.2

V2069 Cyg B 0.362 50+20 - 6.3:0.1 0:0.3 0.5 0.5 1.2

V2069 Cyg P 0.362 - 1.4:0.1 6.3:0.1 0.20.2 0.5 0.5 1.2

+ - B=Bremsstrahlung, PPower law.
* - Pegged to a lower limit derived from D&L.
# - No uncertainty estimate as the fit was poor.
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Fig. 4. ThecLeaned power spectrum of the 2—10 keV light curvé-ig. 5. ThecLeaned power spectrum of the 2—10 keV light curve
of J0153. The upper plot shows the raw power spectrum with theJO612. The upper plot shows the raw power spectrum with the
window function insert; the lower plot shows the deconvdlvewindow function insert; the lower plot shows the deconvdive
(cLeaned) power spectrum. The dashed line is at 37 cycles dafcLeaned) power spectrum. The dashed lines represent the five
(2333 s), the dotted line at 44 cycles da{1974 s). main peaks (see text).

(2006b) also report low resolution spectra from the Hobby- As with J0153, the background subtracted spectrum is too
Eberly-Telescope at McDonald Observatory. The opticatspéaint to obtain a meaningful fit. An uncategorised X-ray sis
trum clearly showed strong hydrogen and helium lines, ifient also in theRXTE field of view, and may contribute a comparable
ing this target as either a low mass X-ray binary or a CV. count rate to the target. We also note that J0162 is not found
JO0612 was observed WitRXTE over two consecutive days in the ROSAT all Sky survey, so is Ilkely to be a transient object.
with a total of 39 216 s from PCU2 (see Tafle 1). The 2—10 ke%adly, giveniits faintness in this observation, we cannotroent
raw count rate varied between 1.9-5.3¢tand the background further on its nature.
subtracted count rate had a mean of close to 0.0ctEhe
background may therefore be over-subtracted, but in ang c
the source is at the limit of detectability in this obseroati 4. va36 Car
Fig.[§ shows theLeaned power spectrum of the 2-10 keW436 Car (RX J0744.95257) was identified as a CV by
background subtracted light curve. Five peaks stand outén tMotch et al. [(1996) in th&OSAT all-sky survey. Ramsay etlal.
plot, 50 cycles day* (1734+ 9 s), 80 cycles day (1083+ 4 s), (1998) carried out optical and X-ray analysis of the object-
296 cycles day* (2923+0.3s), 592 cycles day (1460+0.1s), cluding it was a likely IP. They found a probable orbital perbf
and 626 cycles day (1380 + 0.1 s). The 2—10 keV light curve 3.60 h from optical spectrometry along with several oth@dca
folded at the one of these that is most typical of an IP spiroger date periods from aliases and their photometry. Woudt & \&farn
(i.e. 292.3 s) is shown in Fif] 6. A coherent modulation imsee(2002) carried out high speed photometry of V436 Car, cahclu
but the error bars are large and the profile is consistentzeitb  ing the true period was in fact 4.207 h, an alias of the peré@hs
modulation (and indeed zero flux). by|[Ramsay et all (1998).
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Fig. 6. The 2-10 keV background subtracted light curve of JO6 Fg. 7. ThecLeaned power spectrum of the 2—10 keV light curve

folded at 292.3 s with an arbitrary zero point. Two cycles af V436 Car. The upper plot shows the raw power spectrum

shown. with the window function insert; the lower plot shows the de-
convolved ¢(Leaned) power spectrum.

V436 Car was observed witRXTE over two consecutive
days with a total of 27 456 s good time in PCU2 (see Table 1). 0.002s
The 2-10 keV energy band raw count rate varied between 2.3 .,
7.3 ct s*, and the background count rate was 0—4.2°¢t She ¢ i
mean background subtracted count rate in the 2—10 keV band " |
was 0.43 ct 3. The data is stable over the run with no obvious ®®'°f
flaring events. 0.0005

Fig.[@ shows theLeaned power spectrum of the 2—10 keV  o.0ooo Mtk
background subtracted light curve. The largest peak is afl
cycles day* (1.706£0.025 hr). None of the orbital periods found  0.c02sf
by |Ramsay et al! (1998) or Woudt & Warner (2002) have beeno.oozoq

1.0
0.8

0.6
0.4

0.2
0.0

—600 —-400 -200

Window Power

Cycles/Day

!

found here and no significant coherent modulation that is—cor§ 00015
mensurate with a spin period is seen here either. This agiides 3
the lack of detection in the previous studies in both theaapti 5 °'°f
and X-ray. S 0.0005F
The X-ray spectrum of V436 Car is relatively poorly fit With o oo ahibibishmm5she b s il b b MO AL bt
both models (see Tall¢ 3) and shows no sign of an iron emission  © 200 Cyggg/my 600 800

line. There is another source in tRXTE field of view, but it is
sufficiently faint and far from the centre that it should néeat Fig. 8. ThecLeaned power spectrum of the 2—10 keV light curve

this result. _ _of DD Cir. The upper plot shows the raw power spectrum with
~ Giventhe lack of coherent modulation and absence of anirgfe window function insert; the lower plot shows the decon-
line in the spectrum, it is unlikely that V436 Car is an IP. volved (Leaned) power spectrum. The dashed line is at 15.5

cycles day?, the dotted line at 165 cycles day
3.5. DD Cir

DD Cir was first discovered as a nova with an apparent mag-
nitude of 7.7 [(Liller et all 1999). Woudt & Warner (2003) sub-

_sequently carried out high speed phptometry using the 7d-y,q plot, one at-165 cycles day* (525+ 1 s) and the other
inch telescope at the SAAO and their run yielded an avef 15 cycles day* (5574+ 120 s). The 2—-10 keV light curve
age magnltu_de.(not standard.|sed)~dfo. _They fpund DD Cir fo1ded at the shorter period is shown in Hig. 9 where a cohieren
to be an eC"pS”ﬁg system .W'th an orbital period of 2.339 Nhodulation is seen, which is nonetheless also consistehtawi
and concluded it had an inclination of 7%urther to this, oqnstant flux. Unfortunately the target is too faint to comst
Woudt & Warner (2003) found distinct periodic signals ind@r oo ningfy| light curves in dierent energy bands to investigate
individual nights’ FTs which were consistent within erroes any variation in modulation depth with energy.
~670s.
Data was collected WitlRXTE over just over one day (see,_1N"€ X-ray spectrum of this source is also too faint to ob-
Table[1). The total good time on target was 49212 s in PCUIN @ meaningful model fit. There is a pre-main sequencerstar
The raw target count rate varied between 3.5 and 8.3'carsd the RXTE flelq of view, but its position in the detector means it
the background was 4.5-6.7 ctsThe mean background sub-Should contribute no more thaplof the total count rate.
tracted rate was 0.1 ct’sin the 2—-10 keV band. The possible modulation seen at 525 s means that DD Cir
Fig.[8 shows theLeaned power spectrum of the backgroundnay be an IP, but a more sensitive detector is needed to prove
subtracted 2—-10 keV light curve. Two strong peaks are pteséime case either way.
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Fig. 9. The background subtracted 2—-10 kev light curve of DPBig. 10. The cLeaned power spectrum of the 2-10 keV light

Cir folded at 525 s. The zero point on the time axis is the tifne gurve of J1453. The upper plot shows the raw power spectrum

the first observation. with the window function insert; the lower plot shows the diec
volved cLeaned) power spectrum.

3.6. IGR J14536-5522

J1453 was discovered as a hard X-ray source WWFEGRAL

(Kuiper et all 2006). Soon afterwards it was observed with th 45
Swift BAT and found to be a relatively hard source wkh ~

30-40 keV for a single temperature Bremsstrahlung fit, exhibit-

ing variability (Mukai et all 2006). Pointe8nift XRT observa- .0
tions gave a flux of 3 x 107! ergs cm? s at 0.4-10 keV,
and revealed a complex spectrum requiring at least two cempo
nents to fit the date (Mukai etlal. 2006). Masetti et ial. (2(006b
used the CTIO 1.5 m telescope to get optical spectroscopy of
J1453, on the basis of the Balmer and Hel lines they classified
as a CV. Optical spectroscopy obtained from the SALT in 2006
exhibits a clear modulation at 3.1565(1) hr, but SAAO 1.9 m °°
optical photometry does not (Potter et al. 2010). After ¢haesta

were taken, optical circular polarization from the soures\ais- S —
covered to be modulated at the orbital period, which praviae 00 0o o 0 >0
strong indication that J1453 is a polar (Potter et al. 2010).

Counts/s/PCU

3.5

Fig.11. The 2-10 keV background subtracted light curve of
J1453 folded at 3746 s, with an arbitrary zero point. Twoqsi
are shown for clarity.

RXTE data were collected over the course of just over one day

(see Tabléll). The total good time on target (31320 s) wast spli

into 13 segments in PCU2. The raw target count rate varied be- _ :
tween 4.3 and 11.2 ctsand the raw background (generated-8-2- Discussion

from the calibration files) was between 2.7 and 4.1°¢t s The peaks in the power spectrum of J1453 are not typical af spi
When the background subtracted 2-10 keV light curve w@griods in IPs. The shortest period corresponding to th&gpea
analysed with thecLean algorithm, no evidence of any peri-seen is 3746110 s, which would make it one of the longest spin
odicity at the 3.1 hr (11363 s) spectroscopic period was.se@eriods of the IPs. This period is also not seen in the optiata.
However, three periods are evident: 324610 s, 7202 220 s As such the evidence for this as a spin period is weak. The same
and 15594 1123 s (see Fig. 10). These values are potentiallytrue for the 7202 s and 15594 s peaks. The lack of any strong
a period and its first and third harmonics (within uncerias)t spin period candidates implies that J1453 is probably ndPan
Fig.[11 shows a plot of the data folded at the 3746 s period. In the absence of previous observations, these periodsiwoul
There is some indication of a trend in the modulation depth gk potential candidates for the orbital period of the system
the folded light curves of each potential period to decredtie fact the reported orbital period (3.1565 #r11360 s) is close
increasing energy (see Table 4), but the trend is only maligin to what would be the second harmonic of 3746 s, with the two
significant. longer periods seen being further (sub-)harmonics. Themnc
Fitting models to the J1453 X-ray spectrum required the cdkinties on these periods are relatively large however,thad
umn density be pegged to a lower limit of the Galactic columzorrespondence may jut be a coincidence. A longer baserline i
density for the Bremsstrahlung fit. The best fit was the powtre X-ray data would constrain this period further and concl
law fit, yielding ay? = 0.9 (see FiglI2 and also Taljle 3). sively show if this was real.

3.6.1. Observations and results
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Table 4. Modulation depths of the folded light curves of J1453, iffetient energy bands and at each of the potential periods.

Energy band Modulation depth Fitted mean
(keV) (%) (%) (%) (%) (ctst PCU?)
3746 7202 15594 11363

2-10 8+1 10+1 12+1 4+1 3.8

2-4 11+1 11+1 14+1 71 0.9

4-6 6+1 11+1 12+1 4+1 1.4

6-10 8+1 9+1 9x1 31 1.6
10-20 6+ 3 7+3 71 1+3 0.7
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Fig. 12.2.5-20 keV mean spectrum of J1453 fitted with a ph&'9- 13- The cLeaxed power spectrum of the 2-10 keV light
toelectrically absorbed power law plus iron line profile. curve of J1616. The upper plot shows the raw power spectrum
with the window function insert; the lower plot shows the dec

volved (cLeaned) power spectrum.

o ) 3.7.1. Observations and results
The spectral profiles indicated a photoelectrically absdrb ) ]
power law plus iron line was the preferred fit, although thé1616 was observed wiRXTE over two consecutive days (see
Bremsstrahlung fit was also acceptable, with a slightly @ighTable[1). The total good time was 34864 s in PCU2. The 2—

x?. Both fits are consistent with a magnetic CV interpretatiod0 keV energy band raw count rate varied between 5.4-14.8
with the clear detection of an iron emission line. ct s, and the background rate was 2.8-4.1 ¢t She aver-

o ainif : . e background subtracted count rate was 5.2 cifeROSAT
me;:ﬁgldui iele;rl](pflreergsSé%zlflsg?niﬂytﬁéggfrléhfgvperﬁ\g%lf right Source Catalog has one other object inRXGE field of
band as oppoéed to 38102 ergs cm? s! at 0.4-10 keV view at approximately half a degree from J1616, which hasdwi
reported previously. There is one other X-ray source in tﬁgeROSAT countrate. This is likely to be a significant source of

RXTE field of view of J1453 with an estimated count rate Otf;ontamination in our observation. For this reason we algadl us
0.96 ct s PCU™L. This other source has also been detected WiﬁﬁCh'VedXMM data to better constrain this source.

; : Fig.[13 shows theLeaned power spectrum of the 2—-10 keV
INTEGRAL and therefore is a hard X-ray source too. This m X
affect the spectrum in a complex way tha){ we cannot characterse &= background_subtracted light curve of J1616. Ther_e are no
here significant peaks in the plot that are commensurate with a po-

tential spin period. This was also the case inXihM data. The
largest peak is at a period of 18.2.3 hr.
3.7 IGR J16167—4957 Fig. 14 shows theXMM-EPIC spectrum of J1616 in the
range 0.2-10 keV. A power law with two partial covering ab-
IGR J1616%4957 (J1616) was discovered as a hard X-ragorbers gave the best fit to the data. Three gaussians were als
source in théNTEGRAL/IBIS survey (Barlow et al. 2006). Soonincluded in the fit to model the iron line features. Furthethis
after this Tomsick et al. (2006) constrained the positiodl&16 an OVII edge was added at 0.7393 keV. The fit parameters are
with Chandra data and concluded it was not an HMXB. At theshown in Tabl€Bb.
same time Masetti et al. (2006a) identified J1616 as a CV in the
optical spgctroscopy campaign to identifTEGRAL objgcts. '3.7.2. Discussion
Pretoriusi(2009) reported a 5.004 hr (18 014 s) orbital jgerio
seen in optical spectroscopy, but no persistent coheredtil@o There is no candidate period in the power spectrum that indi-
tion in high-speed photometry. A 585 s modulation was seengates a coherent modulation associated with a potentialpi
some of Pretorilis (2009) data, but not all, so is therefémyli riod and the 585 s~ 148 cycles day') QPO seen by Pretorius
a QPO. (2009) is not seen here either. The 10.2 hr peak that we see is
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Table 5. Power law fit with two partial covering absorbers and threesgans of J1616.

wabsny  EDGE T Partial covering absorberg{, Cv Frc) T’ Iron lines (E, EW) x? Flux
1 2 1 2 3 pn MOS
10%% cmr? 10?2 cm? — 102 cm? - - keV eV keV eV keV eV 106" ergs cm? st
0277092 0297913 25513 0.39'91% 111858 043779 15201 6.407092 105 665930 272 7007092 38 1.05 1.44 1.51
IGR J16167-4957 0.0025 2 g-g‘, E
0.0020 % 8:2: E
0.0015 § 88k E

—600 —-400 -200 9] 200 400

Raw Power

6001

normalized counts s keV!

0.0010

residuals
CLEANed Power
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Fig. 14.0.2-10 keV mean spectrum of J1616 fitted with two pafig. 15. The cLeaned power spectrum of the 2—10 keV light
tial covering absorbers and a power law with iron line prefile crye of V2487 Oph. The upper plot shows the raw power spec-
The upper data is the pn-data and the lower the two MOS dgfgm with the window function insert; the lower plot showe th

sets. deconvolved dLeaned) power spectrum. The dashed line is at
367 cycles day, the dotted line at 727 cycles day

Energy (keV)

at roughly twice the orbital period reportedlby Pretoriu80S), They also presented NIR spectra, showing an overabundance
however the uncertainty here is relatively large, so thig & in carbon soon after the outburst. Hachisu étal. (2002) mod-
coincidence. elled the optical light curve and concluded it has a WD mass of
The spectrum is fairly typical of IPs and suggests a power3s:0.01M,, and the mass transfer rate indicated a recurrence
law with a partial covering absorber with iron line featureseriod of about 40 years. Hernanz & Sala (2002) repoxtdiV]
Further to this, the detection of the OVII edge implies thgata of V2487 Oph taken 2.7 years after its discovery. They fit
existence of a warm absorber - likely the pre-shock floyeir spectrum with a two-temperature plasma mod@igh(= 0.2
being photoionized. This has been seen in two other IRgy andThigh > 48 keV), which suggests a shocked gas (due
(V1223 Sgr (Mukai et al._ 2001) and 1RXS J173021.5-05593% accretion flow) was present. They also find an iron line at
(de Martino et al._2008)) and further adds to the case for B4 keV. The error circles of V2487 Oph and 1RXS J173200.0—
classification. It should be noted that two other models gay®1349 are coincident, and th&IM andROSAT fluxes are sim-
only a slightly worse fit - two partial covering absorbers an ajlar, indicating they may be the same source. V2487 Oph was
apec+apec model and a power law distribution of covering fracthen found in thd NTEGRAL/BIS survey [(Barlow et i, 2006).
tions (wag) on amkcrLow. y7= 1.07 and 1.06 respectively.  [Pagnotta et all (2009) searched archival data for previoys e
The optical spectra taken by Masetti et al. (2006a) anidns and found one occurred in 1900, confirming V2487 Oph as
Pretorius((2009) along with the X-ray spectrum seen heretpoi recurrent nova.
towards an IP classification of J1616. However, the lack gf an
feasible spin period candidate in either the optical or X-ra _
means that the classification cannot be confirmed. Perhaps -1 Observations and results
geometry of the accretion column is such that the magnetc ap2487 Oph was observed BXTE over two consecutive days
spin axis are aligned (or very nearly aligned), so no spinWROtisee Tablél1). The total good time was 42312 s in PCU2. The
lation would be seen, as discussed by Ramsay et al.\(2008). 2_10 keV energy band raw count rate varied between 2.8—
The IP classification of J1616 is thus unproven, though {3 cts?, and the background count rate (generated from the cal-

remains as a candidate system. ibration files) 0-2.8 ct'$. The average background subtracted
count rate was 1.1 ct’s There is another X-ray source in the
field of view that we would expect to contribute a comparable
3.8. V2487 Oph
p count rate to V2487 Oph.

V2487 Oph was discovered in the optical as a possible nova in Fig. [I3 shows thecLeaned power spectrum of the back-
1998 at magnitude 9.5 (Nakano etial. 1998). Lynch et al. (PO0§round subtracted 2—10 keV light curve. The largest peak is
showed a plot of the rapid decline in visual magnitude (asyt at approximately 367 cycles day(235.2:0.1 s), the second
of the AAVSO), indicating V2487 Oph was a very fast novdargest peak is at 118:9.1 s - very close (but not within er-
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Fig. 16.2.5-12 keV mean spectrum of V2487 Oph fitted with

photoelectrically absorbed power law plus iron line profile Fig. 17. The cueaved power spectrum of the 2-10 keV light

curve of V2069 Cyg. The upper plot shows the raw power spec-

trum with the window function insert; the lower plot showth

deconvolved ¢.eaned) power spectrum. The dashed line is at

116 cycles day (743 s).

rors) of being a potential first harmonic of the 235.2 peale Th

folded data (in all bands) shows only marginally coherentimoTaple 6. Modulation depths of the V2069 Cyg X-ray light curve

ulation, and as such we do not consider the 235.2 s peak to 5g|ged at 743.2 s.

secure period, merely a candidate.
The mean X-ray spectrum was fitted with both a photoelec- Energy band Mean Modulation depth

trically absorbed bremsstrahlung and an absorbed power law (keV) ctsl (%)

with an iron emission line in each case, over the range 2.5—

12 keV. The results are summarised in Table 3. The column 2-10 1.130.02 7.92.5
density was pegged to a lower limit 0of>210?* cm™2 (D&L). 2-4 0.26:0.01 12.23.9
Fig.[18 shows the power law fit. The 2—10 keV flux of the fit was 4-6 0.320.01 8.¢:3.0
1.2<107" ergs cm? s, 6-10 0.480.01 5.82.7

10-20 0.240.01 1.46.2

3.8.2. Discussion

The lack of any significant coherent modulation is unsumgis Kody component and a Gaussian at 6.4 keV, being absorbed by a
given the recent nova eruption. It may be some time before thgrtially covering model.

system settles down to a state where modulation can be seen
from the accretion column (if this ever does happen). The-spe _
trum is indicative of an IP, with a strong iron line. There @\ 3.9.1. Observations and results

ever an excess at lower energies which skews the model fts, {559 Cyg was observed wWitRXTE over two consecutive
may be from residual nuclear burning after the nova, or frioen tdays (see Tabf@ 1). The total good time was 37 472 s in PCU2.

more traditional soft X-ray source in IPs. The flux is appro Th ;
. X X d e 2-10 keV energy band raw count rate varied between 2.6—
imately three times higher than thatlin Hernanz & Sala (200 2 ct st and the k?gckground count rate (generated from the

but this is in a sightly dferent energy band to theirs (0.3-8 keV) i atign files) was 0—4.2 cts The average background sub-
and as noted earlier there is another source in the field of vie tracted count rate was 1.1 cisThere is one other source in the

V2487 Oph therefore remains as a candidate IP until g TE field of view of V2069 Cyg, but it is at the very edge of
reaches a more stable state at which point the presence OftH%'detector, and is also very faint, and so is ignored here.

riodicities can be probed further. Fig. 17 shows thecLeaned power spectrum of the back-
ground subtracted 2—10 keV light curve. Peaks are seen at ap-
3.9. V2069 Cyg proximately 115 cycles day, 230 cycles day* and 350 cy-

cles day?. If these correspond to the fundamental and first and
V2069 Cyg (RX J2123.¥4217) was identified as a CV second harmonics, then this implies a period of 748.2 s.
by [Motch etal. (1996) in theROSAT all-sky survey and The 2-10 keV light curve folded at 743.2 s is shown in
Thorstensen & Taylor| (2001) measured an orbital period &fg.[18. A clear double peak modulation is present — as eggect
0.311683(2) days (7.480 hr) from optical spectroscopfyom the harmonic structure seen in the power spectrumirgld
Barlow et al. [(2006) subsequently found V2069 Cyg in thethe light curve in each energy band at this period and anmajysi
INTEGRAL/IBIS survey. de Martino et all (2009) reported prethe modulation depth shows that there is a trend of an initrgas
liminary analysis 0XMM data of V2069 Cyg in an ATel, where modulation depth with decreasing energy (see Table 6).eTher
they find a fundamental frequency of 116.3 cyclesdand its is no coherent modulation in the light curves when folded at
harmonics, giving a period of 743:P.4 s. They also give a fit the 7.48 hr spectroscopic orbital period of Thorstensen ®dra
to the spectrum of a 16 keV thermal plasma with a 56 eV blac{z001).
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Given the spin period modulation, the trend in the modula-
tion depth and the spectral fit, V2069 Cyg is therefore cordam
as an intermediate polar.

4, Conclusion

V2069 Cyg is conclusively proven here to be an intermediate
polar with a white dwarf spin period of 743.2 s and a character
istic hard X-ray spectrum with an iron line. Our data are con-
sistent with the previous claims for J0023 to be an interiatedi
polar, but do not add further to the information about the ob-
ject. Likewise, our data are consistent with the polar mteta-
tion of J1453, revealing hard X-ray signals that are likehpe
harmonically related to the previously detected orbitaiquk
TheRXTE observations of J0153, J0162, V436 Car and DD Cir
are each essentially too faint to allow further conclusitinbe

Fig.18. The 2-10 keV light curve of V2069 Cyg folded atdrawn. Although we see tentative evidence for a 292 s polsati
743.2 s with an arbitrary zero point. Two periods are shown. in J0162 and a 525 s pulsation in DD Cir, no coherent X-ray

V2069 Cyg
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pulsations are conclusively detected in any of these fojauid
Finally, our observations of J1616 and V2487 Oph reveal X-ra
spectra that are characteristic of an IP, but no cohererayX-r
pulsations are seen, so these objects remain candidaté/éPs.
speculate that perhaps these systems may have their n@agneti
axis aligned with their spin axis. This could account for fgoek

of significant coherent spin modulation while still allowgithe
spectral properties seen here.

INTEGRAL found several IPs in its initial survey and this
was largely a surprise to the CV community. Since then it has
found many more as well as finding many candidate IPs. Follow
up of these candidates with ground based optical telesdmzes
revealed periods in some cases, and spectra in most cases tha
are commensurate with an IP classification. X-ray classifina
is an integral part of this process, and the work done in tis-c
paign withRXTE, and that done by others witkMM has been
invaluable. With the follow-up of all IP candidates discose
by INTEGRAL now nearing completion, it may be that we have
now found virtually all the hard X-ray selected IPs that anigHot

Fig. 19.2.5-20 keV mean spectrum of V2069 Cyg fitted with nough to observe with current instrumentation.

photoelectrically absorbed Bremsstrahlung plus ironfircfile.
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