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Abstract. We report the discovery of a high-energy transient with BESIISGRI detector on board theNTEGRAL ob-
servatory. The source, namely IGR J0029234, was first detected on 2nd December 2004 in the routingtonimg of

the IBISISGRI 20-60 keV images. The observations were conductedgi@alactic Plane Scans, which are a key part of
the INTEGRAL Core Programme observations. After verifying the basia@behaviour, the discovery was announced on
3rd December. The transient shows a hard Comptonised speatriith peak energy release at about 20 keV and a total lumi-
nosity of~ 0.9 x 10°® erg s in the 5-100 keV range, assuming a distance of 3 kpc. FoliptialNTEGRAL announcement

of the discovery of IGR J00296934, a number of observations were made by other instraméfe summarise the results of
those observations and, together withtREEGRAL data, identifiy IGR J002945934 as the 6th member of a class of accreting
X-ray millisecond pulsars.
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1. Introduction which may indicate that IGR J0029%934 has a~ 3 year

. ti Remillard 2004). N h activit
IGR J0029%5934 was discovered on 2nd December 204 c;ur::rr?iC;FBeI;anis(Airg:\(;rNTEGR,)AL doatS: ((:e ; (:ir:v!tyz\;v:j zeen
(Eckert et al. 2004), during the routine monitoring o el

. . ise 2004), although th inst ts did not mak t
IBIS/ISGRI 20-60 keV images of Galactic Plane Scan (GP 15¢ ), although these instruments did not make centem

X : raneous observations wiRKTE. Later observations by the
observat_lons at thENTEGRAL Science Data Centre (ISDC)'Chandra X-ray telescope made a more accurate determination
In following GPS observations, on 8th December, the SOWSFNH — (28+ 0.4) x 107 ¢ 2 (Nowak et al. 2004)

flux remained basically stable at8 x 1071° erg cn1? s7* with
a marginal monotonic decrease. However, by 11th December, Observations at radio and optical wavelengths revealed

0,
the_?ﬁgrgz ﬂl:;tz??hr:(ilij;fodvg if;ggri%/glgseri Sigﬁsv)és tB_e presence of a transient counterpart at a position consis
served b };heRossj X-ra T|mi?1/ Explorer (R)>/(TE§] which %&nt with that of the high-energy source, with possible -opti
y Y g =P ’ cal emission features (Markwardt et al. 2004b; Pooley 2004;

detected a 35 mCrab excess with a coherent pulsatlﬁn .
at ~ 598.88 Hz (1.67 ms) and pulsed fraction 6% oelofs et al. 2004; Fender et al. 2004). The most accurate

. i : - optical position has been reported by Fox & Kulkarni (2004),
making IGR J002925934 the fastest known accreting X;S? 6)=(00"29"03°06, +59°34'190)+0"/5; the source is located

ray pulsar (Markwardt et al. 2004b). Further analysis in the galactic plane, away from the galactic centrd &) (=
RXTE/Proportional Counter Array data, showed that the sour{:ﬁo.,og64 -31765)

has an orbital period of 14412 + 0.006 min (Markwardt
et al. 2004a). Th&XTE spectrum was consistent with an ab- In Vi f the hiah behavi th f oul
sorbed power law with an equivalent absorption column densi .. n view ot the nigh-energy benaviour, the presence of pul-
Ny ~ 7 x 10?L cmi2, and a photon index of 1.7 (Markwardt sat_lons, the short orbital perl_od and other S|m|Iar|t|eEh\_/_Mne

et al. 2004b). ArchivaRXTE/All Sky Monitor data suggested object SAX J1808.4-3658 (in 't Zand et al. 1998; Wijnands

. . van der Klis 1998; in't Zand et al. 2001) we consider
that the source had also entered in outburst in 1998 and 2 I 3002935934 o be the 6th member of a class of accreting

Send offprint requests to: e-mail: simon. shaw@obs.unige. ch X-ray binaries with weakly magnetised pulsars.
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Fig.1. a) Zoomed 15-40 keV ISGRI significance image made from a rmadai exposures from revolutions 0261 and 0263 (see Tahle. 1)
b) 3-10 keV JEM-X1 intensity image, with zoomed inset cqpmesling to the dashed area (diameter of main image:)1h both images a
squared grey-scale, ranging from 0 to the peak pixel val@e {@r ISGRI, 4.4 cps for JEM-X1) has been used. It is clear that NTEGRAL
detections are co-located with the optical position of IGR2D15934 reported by Fox & Kulkarni (2004) (white cross) and ndthwhe

positions of other nearby sources.
or Science Window (ScW), lasts 2200 seconds and is separated

1.1. INTEGRAL
from the next one by 6(Winkler et al. 2003).

The INTEGRAL satellite was launched on 17 October 2002
and contains several instruments dedicated to observiag §1 Discovery of IGR J00291+5934

high-energy sky in the 3 keV-10 MeV band (Winkler et al.
2003). The prime instruments for this work are the followingrhe ISDC QLA pipeline first suggested that a newyXay
the coded mask imager IBISGRI, which is sensitive in the source had been discovered in ISGRI images of GPS obser-

15 keV-1 MeV band and has a large°2029 field of view vations, by an automatic alert issued on 2nd December 2004

(Lebrun et al. 2003; Ubertini et al. 2003); the X-ray monitoat 09:00:19 UTC (Eckert et al. 2004). The alert was triggered
because a previously unknown source was detected, at & signi

JEM-X, which is sensitive from 3—-30 keV and has &2 8iam-
eter field of view (although noise towards the rim of the detetcance> 100, in a 20-60 keV ISGRI image of GPS pointing

tor limits the usable area for weak sources to the centr&l;100261-2 (ScW 2 of NTEGRAL revolution 0261). This was con-
Lund et al. 2003). The JEM-X instrument consists of two idefirmed at 09:42:03 UTC after the following pointing, 0261-3,

tical telescopes, but for this work, only the JEM-X1 unit waBy another alert issued at the same sky position. In botfscase
the alerts were issued approximately 1 hour and 40 minutes

operational.
. . after the end of the pointing (see Table 1 for a summary).

Data from the satellite are analysed very quickly after an Further QLA images showed that the source persisted in the
observation; the 1SDC Quick Look Analysis (QLA) pipelinqSGRl QLA images in 0261-3, and had also been detected in
rzl:)r:)ssz):olntinuouslyon thg incgrgin%tffr_netrr]y (fCﬁurv_oistexle the JEM-X1 instrument in 026,1—2 (albeit at a level below that

- mages are proguced by In the following ener )équired to trigger an automatic alert). Due to the progoess
gggi&\?_|lsoek|§|v a_lrnhd 10-30 kev (JE';A'X)‘t.ZOBGO ke\(tand de%)_f the GPS, the source was not in the instrument field of view
€ h'( hi )'. ble images areh{;\uhomallcady monttored et 4, following pointings. The pointing 0261-2 was alse th
new orhighly variable sources, which can lea toan autmaﬁ»st pointing of the revolution that could be analysed, sitiee
alert being |§sued W'th a delay ef 2 _hours from the end of revious pointing wasfeected by the passage of the satellite
the observation. All images are also inspected manualljhey hrough the Earth’s radiation belts. The next GPS obsemafi
during revolution 0263 on 8th December 2004, also yielded

ISDC Scientist on Duty (Shaw et al. 2004).
In this INTEGRAL observing period~ 30% of the total four detections of the source by ISGRI. However, in the fol-

amount of observing time is split between the Galactic Gentiowing GPS pointing, conducted on 11th December (revofutio
Deep Exposure (GCDE) and the GPS. The GPS are regulas4), the source was observed to have faded in ISGRI, and not

pointings in a saw-tooth pattern along the Galactic Plare, etected at all in JEM-X.
After the detection, the source was also observed in an al-

tween galactic latitudé = +10°, conducted every 12 days
(onelNTEGRAL revolution is 3 days long). Each GPS pointingseady scheduled observation of the CAB#&ho region and was
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the subject of ahlNTEGRAL ToO observation, which began on(2004). Note that the uncertainties on flux measurements wit

6th December. The analysis of these data is the respohsibilEGRI increases with thefibaxis angleg, as the source flux is

of the respective Pls, and will not be discussed here (Falangot fully coded by the mask.

etal., 2005, in preparation). If IGR J002915934 is an accreting ms pulsar, then a
power-law does not necessarily describe the physics of the

Table 1. Detections of IGR J002935934 by the ISDC QLA pipeline, éourc? and g IS |ntterest|_|Fg _to mvestltgﬂ]at(;_thr(]e pos&btﬁ;&_ ¢
based on ISGRI data from single GPS pointings dutiNgEGRAL omptonised spectrum. To increase the high-energy stafis

revolutions 0261 (2nd December 2004), 0263 (8th Decemb@4)20 an average ISGRI spectrum was made, using the method de-

and 0264 (11th December 2004). The detected position, andig- Scribed in_ Rodriguez et al. (2004), from those pointings in
tance of the source from the spacecraft pointing afi)sapd 20— Table 1 withe < 10%; this was added to the JEM-X1 spectrum

60 keV count-rate ) are shown. The last line shows the detectioffom 0261-2. A reasonable fit was obtained with tuepST
by JEM-X1 and the 3-10 keV flux. Pointings marked with * arestho model (Sunyaev & Titarchuk 1980y2 = 0.7, electron tem-

where the source was not automatically detected and lecafimnu- peraturekT = 25*2! keV and optical depth = 3.6'19; the

ally. 5-100 keV flux is &*33 x 10712 erg cnt? s™*. However, it
__ should be noted that a simple power-law also gives a valid fit,

(F’Rog\‘/t_'ggw) U(:;hcnsqﬁ)rt "2;06) (f) 'Eé‘;;; x2 = 1.0, albeit with a softer photon index of@ + 0.10. The
03617 0643 (7.26,59.57) 33 %65 dro.p in the flux above 1_00 keV cpnﬁrms the presence of a cut-
0261-3 07:23 (7.24, 59.58) 67 805 off in the spectrum at high energies (Fig. 2).
0261-4* 08:03 (7.3,59.57) 122 792 Unfortunately, the source was not bright enough to extend
0263-1* 06:31 (7.3, 59.57) 10.2 588 the high-energy spectral information with tiMTEGRAL spec-
0263-2 07:10 (7.28, 59.58) 6.7 4065 trometer (SPI; Vedrenne et al. 2003). The source was, haweve
0263-3 07:50 (7.27,59.58) 7.6 466 detected at a corresponding position to the other instrtsnen
0263-4* 08:30 (7.3,59.57)  11.8 %30 (@,6)=(623,+5%8) + 1°0, and the measured 20-60 keV flux of
0264-2* 06:18 (7.28,59.59) 104 10638 (5.3 + 1.6) x 101% erg cn2 57! (assuming a photon index of
8;24'3: 8622 (72'3' 52'5) 263 ng 1.8) is in good agreement with ISGRI.
0262:‘51* 02218 (7(72 29:2)5) 79 &4)? The ISGRI d.ata have also been searched for pulsat_ior_13 at
02612 0643 (7.279,50568) 33 12 the 1.67 ms period of Markwardt et al. (2004b). To maximize

the signal to noise ratio, the 20—60 keV band was used, noisy

pixels were removed and only those pixels that were fulty-ill

minated by IGR J002945934 were selected. The event arrival

time was corrected to the solar barycentre and a folded analy

2.1. Analysis of INTEGRAL GPS observations sis was conducted around the known pulse-frequency of B98.8
Hz. An upper limit for the pulsed amplitude at 598.88 Hz was

The ISGRI GPS pointings, listed in Table 1, have been an&bund to be~ 20%, which is consistent with the value of 6%

ysed using the standard OSA 4.2 softwaiféig. 1 shows the by Markwardt et al. (2004b).

location of the source in an ISGRI mosaic image, made from

all 7 pointings of revolutions 0261 and 0263, and the single

JEM-X detection. In both instruments the source is veryrtjea 1.00

identified with the optical position of Fox & Kulkarni (2004)

Within the ISGRI mosaic image the HMXB 3A 014850 is

also detected; this gives confidence that some problem kath t |

spacecraft pointing is not responsible for falsely idatiri§ a

new source and that IGR J0O0268934 is not a misidentifica-

tion of another nearby object.

The most significant detection of IGR J002%P34 was
during the first pointing, 0261-2, and it was possible to con-
struct a composite JEM-X1 and ISGRI spectrum. However, the
sensitivity of ISGRI is such that it is hard to constrain agibgl
fit to this source on the strength of just one pointing. A sienpl

P

ExF(E) (keV cm™ s™)
154
>
T
Lol

absorbed power-law, with the value Nf; = 0.2 x 10?2 cm™2 ool S

fixed, gives areducegf = 1.1. The photon index is.81+0.13 10 Enaray (cev) 100
correspondingto a 5-50 keV flux of83.x10 % erg cn? st

in agreement with Markwardt et al. (2004b). Fig.2. X/y-ray spectrum of IGR J00295934 made with JEM-X1

The broad band count-rates of IGR JO0O29934 are also from observation 0261-2 (circles), and an average of ISGREova-
noted in Table 1. These show that the flux faded slightly duritions (squares, see text for data selection). The line skosisulta-
the course of- 10 days, as reported by Swank & Markwardgeous fit to the two sets of data with thempST model.

1 The OSA software can be obtained fremw.isdc.unige.ch.
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3. Discussion XTE J1814-338 than the 3 others for which evidence of black

_ ) body radiation have been seen. However, this may simply be
We report the discovery of the fastest known accreting X-rge to the high lower boundary of the JEM-X detector. This is

pulsar, IGR J002915934, withINTEGRAL. It is likely that reinforced by the fact that black body emission has been de-
IGR J0029%5934 is a low mass X-ray binary (LMXB) SyS-tected in SAX J1808.4-3658 with detectors allowing a broade
tem containing a NS pulsar that has been spun up by acigyerage towards the low energies (e.g. Wijnands et al.)2003
tion of material, frqm a companion star, via an accret|0_r¢.d|s The spectral analysis of these objects reveal that they are
IGR J0029%5934 is one of the fastest X-ray pulsars disCOV;; 54 girerent to other N@ulsar LMXBs, in the sense that the
ered to date and is second only to PSR BXa&I (an isolated ¢ pissijon processes are thought to originate through therma
pulsar showing radio and X-ray pulsationsRt~ 1.57 ms; ¢, matonised processes. It is therefore quite puzzlingdhigt
Backer et al. 1982; Takahashi et al. 2001). The absorbmg CQ(l)me of these systems show persistent coherent pulsations a
umn measured by Nowak etal. (2004) wﬁIhgndrals approx-  the NS spin period. The fact that all ms X-ray pulsars have
|mately a factor of tWO_ lower than the estimate Olf the_%ala%ry short orbital periods may be a clue to why these systems
tic total on the same line of sighNG ~ 45x 16" ¢, 4 o1 6 not show persistent pulsations (see recent review by

Dickey & Lockman 1990). Given that the source is 120m  \yjinands 2005). Despite being the fastest accreting mspuls
the Galactic Centre and assuming that the galactic disk h JYate, it is interesting to note that the period remainaifiig
radius of 13 kpc, with the Earth 8.5 kpc from the centre thedbntly higher than 1 ms.

the average density of absorbing material in the source-dire

t,'or_' is~ 0.2 cnt®, ASS!”"'”Q no local absorption puts ‘F?m _Uppe,&cknowledgments. This paper is based on observations made with
limit on the source distance of 3.3 kpc. Although this is a e ESAINTEGRAL project. The authors thank A.Paizis for useful

highly simplistic argument, it seems likely that the soui€e comments in the preparation of this paper. SES thanks PPARC f
reasonably local. It should also be noted that the Persenis &ihancial support. The useful comments and timely respofigbeo

of the Milky Way, atl = 12Q, is located approximately 2.5 kpcanonymous referee were greatly appreciated.

away (Taylor & Cordes 1993). Using 3 kpc as an estimate of

the source distance, and the 5-100 keV flux quoted in Sec. 2.1,

gives a luminosity for the source ef0.9 x 10° erg s. References
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