In this work, we present a multi-wavelength study of XRF
040912, aimed at measuring its distance scale and thediatrin
burst properties. We performed a detailed spectral anddemp
ral analysis of both the prompt and the afterglow emissiah an
we estimated the distance scale of the likely host galaxy. We
then used the currently available sample of XRFs with known
distance to discuss the connection between XRFs and dassic
Gamma-ray Bursts (GRBs). We found that the prompt emis-
sion properties unambiguously identify this burst as an XRF
with an observed peak energy B = 17+ 13 keV and a
burst fluence rati®;_snev/S30-40xev > 1. A non-fading opti-
cal source withR ~ 24 mag and with an apparently extended

O morphology is spatially consistent with the X-ray aftexglo
O likely the host galaxy. XRF 040912 is a very dark burst since
Q\l no afterglow optical counterpart is detected dowrRto- 25
+ Mag (3 limiting magnitude) at 13.6 hours after the burst. The
O host galaxy spectrum detected from 3800 A to 10000 A, shows
a single emission line at 9552 A. The lack of any other strong
L0 emission lines blue-ward of the detected one and the absénce
the Lya cut-off down to 3800 A are consistent with the hypoth-
esis of the [Oll] line at redshift = 1.563+ 0.001. The intrinsic
— spectral properties rank this XRF among the soft GRBs in the
Epeak — Eiso diagram. Similar results were obtained for most
N XRFs at known redshift. Only XRF 060218 and XRF 020903
LO) represent a good example of instrinsic XRFXRF) and are
«— possibly associated with affitrent progenitor population. This
scenario may calls for a new definition of XRFs.
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Abstract. The origin of X-ray Flashes (XRFs) is still a mystery and sal/models have been proposed. To disentangle among
these models, an important observational tool is the measfithe XRF distance scale, so far available only for a fevheft.

1. Introduction spectral and temporal characteristics similar to long tioma

) _ Gamma-Ray Bursts (GRBs). The remarkable property that dis-
X-ray Flashes (XRFs; Heise etal. 2001; Kippen et al. 2004) afnguishes XRFs from GRBs is that thef, prompt emission
extra-galactic transient X-ray sources with spatial thstion, spectrum peaks at energies which are observed to be typicall
one order of magnitude lower than the observed peak energies
Send offporint requests to: G. Stratta of GRBs. XRFs are empirically defined by a greater fluence
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(time integrated flux) in the X-ray band (2-30 keV) than in thsified as an XRF, a = 1.11 + 0.06 (Christensen et &l._2005).
gamma-ray band (30-400 keV). Along with the intermediatis already pointed out by Rau et &l. (2005), some XRFs (e.g.
class of bursts called X-ray Rich bursts (XRRs), XRFs arXRF 030528, XRF 030429) would have been detected as XRR
GRBs form a continuum in the observed peak energy verdussts or GRBs if observed in their rest frame, possibly sug-
the 2-400 keV fluence plane, defining the well known hardneggesting that some XRFs do not require #eatient emission
intensity relation for which soft bursts are also faint,tie bb- model than for GRBs.
server reference frame (Barraud et[al. 2003, Sakamoto et al.In this paper we present and discuss the results obtained
2005). The XRF optical and X-ray afterglow flux distributiorfrom a multi-wavelength analysis of XRF 040912 aimed at
at about 0.5 days from the burst trigger is comparable totlee aneasuring its distance scale and the intrinsic burst ptiggser
observed for GRB afterglows (D’Alessio et Al. Z2005). Despitn §2 we provide a brief review of the follow-up campaign of
the lack of any clear evidence of achromatic temporal breakRF 040912. In§3 we present the data reduced in this work
so far, XRF afterglow temporal decay indices are on averaged the performed analysis. §# we present the results ob-
consistent with those commonly observed for GRB and XRfined from our analysis while i§b we discuss the dark nature
afterglows before or after the temporal break (D’Alessialet of this burst and we compare the intrinsic properties of XRF
2005). 040912 with those observed for other XRFs and GRB£6In

As soon as they were discovered, XRFs were thought towe discuss the implications of our observations for the meatu
high redshift £ = 5) GRBs, so that their softness and faintof X-ray flashes.
ness were anfkect of the cosmological distance (Heise et al.
2003). However, the gbsence of any evidence of time dileiamionzl Observations
the temporal properties of XRFs with respect to nearby GRBs
motivated other explanations. The origin of XRFs has been e¥RF 040912 was a soft, long burst discovered with the
plored in the context of the fireball model, where burststtain Wide-Field X-Ray Monitor (WXM) and the French Gamma
and softer than GRBs can be produced Byhigh baryon- Telescope (FREGATE) on board tiiéigh Energy Transient
loaded fireballs, assuming that both the prompt emission amxplorer-2 (HETE-2) on 2004, September 12.592 UT (Butler
the afterglow are produced by external shocks (“dirty fitépa et al.[2004a). The”AWXM error-box was centered at RA.
e.g. Dermer et al,_1999);) low-efficiency internal shocks due23'56"5352 and Dec= -01°0003'6 (J2000.0). Optical
to low-velocity contrast between the high velocity coltigi follow-up started 1.8 hours after the burst (Ogura et al.4200
shells (e.g. Mochkovitch et al._2004, Barraud et[al._2003)ith several ground based telescopes but, despite very deep
Alternatively, it has been proposed that XRFs and GRBs abservations, no evidence of a transient source was found.
indeed the same phenomenon. In this case, their diversi is The Chandra Observatory targeted the WXM error-box in two
sociated to the aperture of the jet opening angle (Jet \lariagpochs, from 3.32 to 3.57 days and from 8.86 to 9.12 days after
Opening Angle model) or to the observer viewing angle frothe burst (Butler et al. 2004b). Among 22 X-ray sources found
the jet axis, for a structured energy density distributiathim  only one (CXOU J235642.9-005520, hereafter S1) showed a
the jet (Structured Jet model; see Lamb ef’al_2005 for a gignificantly fading behavior. Two R-band observationshef t
view). In the so-called “f-axis” GRB model, the observerHETE-2 WXM error region were performed in two epochs
line-of-sight is outside the jet cone. In this case, the gromwith the 27 x 277 FOV IMACS camera on the Magellan 6.5m
emission is detectable only when the relativistic beamitgjea Baade Telescope at Las Campanas Observatory (Butler et al.
is large enough to enter the line-of-sight (e.g. Yamazakil et 2004¢), with 3x 180 s exposures at 13.57 hours after the
2002). Alternatively, an XRF is observed in a sideway visioburst and 2< 300 s exposures at 38.65 hours after the burst
at the moment when the jet is breaking out from a hot cocofmean observing time). From these observations a persisten
surrounding the GRB (e.g. Mészaros efal. 2002). optical source spatially consistent with the fading X-rayise

An important observational tool to disentangle the pr&31 was found, while an apparently fading optical source was
posed models is the measure of the distance scale of XRFs #hd positionally consistent with the Chandra source CXOU
therefore the intrinsic properties of the burst. Among 35R%R J235656.4—-005839 (hereafter S2) that was non-fading in X-
observed so far (from BeppoSAX and HETE-2 archives, s&&ys (Butler et al[2004c). Further optical images have been
D'Alessio et al[2005 and Sakamoto et[al._2005, and from &duired (Gorosabel et al. 2004) starting 7.25 hr afterveete
Greiner's web pagefrom September 2003 to August 2006)With the 4.2m William Herschel Telescope (WHT) equipped
the ones at known redshift are XRF 02090%at 0.2506+ With the Prime Focus Camera (PFC) at La Palméd (166’
0.0003 (Bersier et al. 2006), XRF 03042%at 2.658+ 0.004 FOV) and 0.5 days after the burst with the Sierra Nevada
(Jakobsson et al_2004), XRF 030528zat 0.782+ 0.001 Observatory (OSN) 1.5m Telescope. Internal comparison per
(Rau et al[2005), XRF 040701 at= 0.2146 (Kelson et al. formed between a sequence of V-band images, within 7.7 hours
2004), XRF 050416A at = 0.6528+ 0.0002 (Soderberg et al. and 3.5 days after the burst, did not reveal any variabitithe
2006), XRF 050824 at = 0.83 (Crew et al[ 2005, Fynbo etentire HETE-2 error-box (Gorosabel etlal. 2D04).
al.[2005%) and XRF 060218 at= 0.03342 (Pian et a. 2006). From the Tautenburg 1.34m Schmidt telescope (TLS)
Recently, GRB 981226, detected with the BeppoSAX satdtVRclc observations were obtained between 5 and 11 hours

lite, has been reanalyzed by D'Alessio et BI._{2005) and-clater the burst. In additiorRc andlc observations and then
Ic observations were obtained one day later and three days af-

1 httpy/www.mpe.mpg.de-jcg/grbgen.html ter the burst, respectively (Klose et al. 2004), with no ewice
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of transient source. On 2004 Sept. 23.24 UT (10.6 days affe@ble 1. Burst duration at dierent energy ranges of XRF
the burst), Very Large Array follow-up observations at 8.4640912
GHz did not reveal any radio counterpart of the X-ray after-

glow candidate down to ad3limit of 120 uJy (Soderberg et

al.[2004). On October 5.42 UT and on November 18.35 UTnstrument
(22.8 and 66.76 days after the burst) we observed the X-ray

AE[keV] Too[s]  Tsold

afterglow candidate with the wide-field imager MegaCam (361ETE-2ZWXM 2-25 143+10 700+95
2048x 4612 pixel CCDs, 1 square degree FOV), mounted ohlETE-2FREGATE 6-40 127+13 80+5
the 3.6m Canadian-French-Hawaii Telescope (CFHT), itith 30-400 104+ 26 53+ 19

band 2x 860 s exposures, in order to look for any SN emis-

sion (Stratta et al._2004a). We obtained further I-band nlase

tions with the 8.2m Very Large Telescope (VLT) equipped with

Focal Reducer Spectrometer FORS2 on the 30th of September o

T
WXM 2—-10 keV

from the HETE-2WXM (2-25 keV) and HETE-ZFREGATE

(6-400 keV) data. The spectral analysis was performed with

a joint WXM and FREGATE data fit. The spectra have been
integrated over 146.8 s, that is frofg — 127 stoTp + 1341 =
s, whereTy is the HETE-2 trigger time. The joint spectral fits °
WXM/FREGATE have been performed within the 5-200 keV
energy range, using the XSPEC v.11.2.0 software package.

r ‘ ‘ ]
and on the 4th of October 2005. Imaging and spectroscopy §: i \ Ny i ]
of the likely host galaxy were performed under the Direcor’ s » NV \ | B
Discretionary Time Proposal 275.A-5041. I o) v My AN ]
s BN aiaad A -
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3. Data reduction and analysis o | | 7
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Spectra and light curves of the prompt emission were extdact 8 = | oA
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|
i 100 0 100 200
Spectral analysis was performed for each Chandra Target of Time from trigger (s)

Opportunity observations (ToO), with integration time &2
ks and 19.5 ks respectively, for the two sources that showed a

fading behavior (S1 and S2, s§2). We reprocessed the datgig 1. The count rate evolution over the time after the trigger
using the latest packages available (CIAO v _3.3.0.1 andocalgk he prompt emission (temporal resolution of 4 s per bifg T
v 3.2.1) and the standard procedures described on the CIf{} vertical dashed lines mark the temporal interval in \ahic
webpage. we extracted the energy spectrum of the burst from the WXM
Astrometry and photometry of the Magellan, TLS, WHTand FREGATE data. The dotted line is a fit of the background
OSN and VLTFORS?2 images have been performed followingount rate evolution with time.
standard procedures. Magnitudes have been calibratexdsagai
the USNO stars of Henden et al. (2004). Photometry was
performed using the SExtractor software (Bertin & Armoutd: Results
1996). In order to check for flux variability, the two epoch§l
Magellan images have been subtracted with the dedicatdd pac
age ISIS (Alard_2000). For the CFIAMIEGACAM images, The count rate light curve of the prompt emission of XRF
flat-field and bias correction were performed with the Elixid40912 shows a long and soft burst (f1. 1). We computed the
pre-processing tool at the CFHT. Quality assessment of inturst durations, represented with thg andTsg parameters, in
vidual and stacked images, astrometric calibration, intage different energy bands (TdH. 1, quoted errors arerdetel).
centering and the full stacked process, were performedeat frhe 5-200 keV burst spectrum is adequately fit by a simple
Terapix astronomical data reduction center. Unfortuyatee power-law model or by a cutfbpower-law model (Tall12).
poor quality of the second CFHWIEGACAM epoch observa- The Band model (Band et &l..1993) does not allow to well con-
tions (sees2) prevented us to check for the presence of any sstrain the parameters. We found a minimyfby fixing the
pernova component through flux variability. VIFORS2 long high energy photon indek, to —3.0 (Tab.[2). Fixing the low
slit spectroscopy has been performed witlkk 4100 s expo- energy photon indek; to the best fit value obtained from the
sures using the G150I grism, covering the spectral rangeooft-of power-law model and’; to the typical value observed
3500:10000 A. Spectra have been reduced by using an aufior GRBs of—2.3 (Sakamoto et al. 2005), we obtain a peak en-
matic pipeline especially developed in the framework of Thergy of Epeax = 17+13 keV and X-ray and gamma-ray fluences
SuperNova Legacy Survey (Basa et al. in preparation). of So_30kev = 9.5x 1077 erg cnT? andSap_somev = 7.4 x 1077

1. Prompt emission
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Table 2. Results from WXM (5-25 keV) and FREGATE (7-200 keV) joint spal analysis.

Model I, I, Eo (keV)  Epex (keV) Norm. WXM  Norm. FREGATE  x?/dof

PLA - -2.15%022 - - 156702 237708 1.109104
CPLT -1.2508 - 26.9832% - 0.3470%2 0.39'557 1.035103
CPLZ -1.25%% - - 202335 (L14'119)102 (1.5329910°2 1.035103
Band -1.18722  _30(fixed) 22617333 - (0.14738))10°2 (0.187238102 1.104103

& PL = Power-law model;
b CPL 1= Cutaf power-law model with photon indeX, and normalization at 1 keV;
¢ CPL 2= Cutdf power-law model with photon inde¥ ek = (2 + a)Ey and normalization at 15 keV.

ing an artifact due to bad calibration that brought to a flugrev
estimation of this particular source during the first epatf.
further confirm this result also from the TLS R-band observa-
F A \ tions, from which we detect the source in three epochs (0.270
10 E%g% OS0416A (ol Taml) 0.431 and 1.353 days after the burst event) with flux constant
F ; \ \/{ 050406 (starred triangle) with time. From the Magellan image subtraction, we find no ev-
idence of any residual for both afterglow candidates S1 &d S
down toR > 25.3 mag (3 limiting magnitude). The afterglow
identification is therefore addressed to the X-rays obsiens

The Chandra source S1 (sE8 is the only one that showed
a statistically significant fading behavior in the X-rayfelex-
tracted 0.2-10.0 keV spectra have been fitted with a simple
power-law model plus an absorption component. During the
first ToO, the spectral properties of this source show anvequi
alent neutral hydrogen column densily; consistent with the
Galactic value of ¥ x 10?°cm? (Dickey & Lockman1990),
an energy spectral index af = 1.4*23 and a 2-10 keV flux
of (7.1 + 1.5) x 10715 erg cnt? s™%. These values are consis-
Lo il il il tent with those estimated for other X-ray afterglows obedrv
0.01 0.1 tiine o bfrst b] 100 1000 at similar epochs (e.g. De Pasquale et al. 2006). During the
second ToO the statistics is too poor to constrain the smlectr
. ) parameters. Assuming the best fit model found in the first ToO
Fig.2. X-ray afterglow light curves of a sample of XRFs forynq |eaving the normalization free to vary, the 2-10 keV flux
which we could trace the decaying behavior (from GCNs), and (29 + 1.0) x 105 erg cn? st implies a decay index of
the two afterglow candidates of XRF 040912 S1 and S2 (sg¢- —1.0 + 0.6 consistent with the previous findings of Ford

§2). For XRF 050416A, we plot the first measurement and Vg g, (2004; quoted errors are at 90% confidence level).
trace the decay behavior derived by Mangano et al. (2008). Fo

XRF 050406 we plot the flux at the break and the best fit br
ken power law derived by Romano et dl. (2D06). Other d
are from: Campana et al. (2006) for XRF 060218, Levan
al. (2006) for XRF 050215B, Campana et al. (2004) for XR
040812, Fox et al[{2004) for XRF 040701, Butler etlal. {2004
for XRF 030723, Fox et al[[{2Z0D2) for XRF 020427. While S
(filled circles) shows a typical temporal behavior, S2 (open-
tagons) shows an anomalous decay.

10 10
E T L B L) B AL B AR T
£ ¥ 060218 (crosses)

040812 (open squares)

Lo

H

S
5
\

—_

0713 -

X-ray Flux [erg/cmR2/s]

10714 | Si(filled circles)

Fs2 (open pentagons)

107° &

Lol

For the source S2, the spectral model is poorly constrained
ue to the faintness of this source. Assuming the same spectr
rameters derived for S1, we found a flux of3(x 0.5) x

15 erg st cm™ and (10 + 0.6) x 107*° erg s* cm™ in
e first and second ToO respectively. The correspondingydec
dex is thersx = —0.3"13 (90% confidence level), confirming
revious analysis (Ford et al._2004) that classified thise®u
as consistent with being constant in flux with time.

We conclude that, despite the unknown probability of find-
ing a transient source within @rror region with the observed
erg cnt?. The low value of the derived peak energy and the flglecay index, since S1 is the only Chandra source among 22 de-
ence ratilSs_auev/S30-400ev > 1 unambiguously identify this tected in the HETE-2 error-box that shows a statistically si
burst as an X-ray flash. nificant fading behavior in X-rays and both its spectral and
temporal properties are consistent with the typical X-rigra
glows observed at similar epochs (few days after the buss),
source provides convincing evidence to be the X-ray afoevgl
From refined photometric analysis of the Magellan TelescopeXRF 040912.
images, we find that the fading behavior of the optical source We find no fading optical counterpart for this source from a
associated with S2 (Butler et al. 2004c, §2¢ is not real, be- set of several optical images taken dfefient telescopes and at

4.2. Afterglow identification
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Table 3. Optical detections and upper limits at the positio an
of the X-ray afterglow candidate. Magnitudes have been c« L&
rected for the Galactic extinction (E(B-¥).028, Schlegel et

al. 1998). CXOU J235642.9-005520
L
| @ .. -
Telescope AT? Exp. mag N . ...
days s
ZAt]
TLS 0.270 1800R: > 226
TLS 0289 18001¢ > 210 - i
TLS 0.309 1800B > 227
WHT 0.312 1455B > 25.0
WHT 0.325 900 V > 244
TLS 0328 1800V > 229 Fig. 4. The I-band VLTFORS2 image of the likely host galaxy
TLS 0431 3360Rc > 229 of XRF 040912 one year after the burst. The black circle is the
OSN 0553 540 | >210 Chandra error region of the X-ray afterglow candidate.
Magella®  0.565 540 R=2389+0.10
WHT 0.599 900 V > 247
WHT 1.294 1200V > 247

tected one, is that we are indeed observing the [QBFR7 A)

s 1353 4320R; > 233 emission line, redshifted to= 1.563+0.001. According to this
TLS 1367 3600Ic > 212 . . . . - o
N interpretation, we further identify three statisticalys$ signif-
Magellar? 1610 600 R=2407+0.10 )
[ u
TLS 3308 2700 Ic > 210 cant features as the MglhR798 A) and the Fell 12586 A)
WHT 3489 15001 > 221 absorption lines and the CIIRE909A) narrow emission line.
CFHT 228 17201 =2402+0.16 In order to estimate the metallicity and the dominant stel-
CFHT 667 17201’ > 228 lar population age, we fitted the spectrum with several tem-
VLT 385 690 |=2396+010 plate spectra. Templates are from the library of evolutipna
_ _ stellar population synthesis models GALAXEV based on the
® AT is the time from the burst event. isochrone synthesis code of Bruzual & Charlof (2003). Due to

b From image subtraction, we find no residual dowrRto- 25.3

=S the very low signal to noise ratio, we fit mainly the spectral
(30 upper limit).

continuum. Doing so, we are only sensitive to the age of the
dominant population which fixes the slope and not to the metal
licity. By fixing the metallicity to diferent values, we find that
different epochs (see TBb.3), ranking this burst among the migsany case the dominant stellar population age should Ise les
darkest XRF ever observed (Fig. 5). than 0.2 Gyr.

From the [Oll] line luminosity, we attempted to estimate
the star formation rate (SFR) for this galaxy. We measure the
strength of the line by a Gaussian fit performed with the IRAF

The non-fading nature of the optical source positionallg-coSPlot package and we find (87 + 0.04)x 10 *° erg cm® s,
sistent with the X-ray afterglow candidate and its appdyenfAPplying the relation from Kennicutf{1998) we find a SFR of
extended morphology, strongly suggest that this sourdeeis {6.3+ 0.4) Moyr~. An alternative method to measure the SFR
host galaxy of XRF 040912 (Fifll 4). We computed the chaniethrough the UV (1500A - 2800A) luminosity (Kennicutt
probability to find a galaxy with R 24.0 mag within the 1998). The average UV flux of our spectrum is3@+ 0.50) x
1” radius error circle. Following Piro et al. (2002), we found0 *° erg cnr? s™t A~ from which the inferred SFR is (2+
P=1.8 x 10-2. This value makes the chance of association uf-8) Moyr *. We note that the latter evaluation is more robust
likely, though not negligible. than the former one since the UV luminosity is a direct tracer
The VLT/FORS?2 extracted spectrum of this source is welf metallicity. The derived SFR values have not been coecect
detected between 3800 A and 10000 A , implying a robust ré@! @ possible local extinction and therefore32 0.8) Moyr ™
shift limit of z < 2.13 from the absence of the yabsorption Should be considered as the lower limit of the real SFR.
due to the neutral hydrogen present along the line-of-sigie Our findings are consistent with the typical SFR range
most statistically significant feature is an emission lingha Of values (07 + 127 Mo yr-!, not corrected for extinction)
red edge of the spectrum centeredjat = 9552 A , with sig- found for GRBs (Christensen et al. 2004). Together with the
nal to noise ratio of more than 10 (FIJ. 3). If interpretedres t age estimation obtained kyf minimization from the template
Ha (16563 A) line redshifted at = 0.455, then it would be dif-

ficul lain the ab f oth ission i e [0 2 IRAF (Image Reduction and Analysis Facility) is written and
icult to explain the absence of other emission lines as thi | supported by the IRAF programming group at the National €pbti

(13727 A) and the [OI1] (5007 A), expected to be observedhstronomy Observatories (NOAO) in Tucson, Arizona. NOA®is
at 5423 A and 7285 A, respectively. Another interpretatioByated by the Association of Universities for Research itréxmmy
consistent both with the lack of the &ycut-off and with the (AURA), Inc. under cooperative agreement with the Natid®eience
absence of any other strong emission line blue-ward of the d@undation. IRAF is available at htfprat.noao.edfi

4.3. The likely host galaxy
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Fig. 3. The likely host galaxy VLTFORS2 1-D spectrum (upper panel) and the associated egcirsm (lower panel). The bad
sky subtraction at 9400-9500 A has been hidden. The lindifiteions imply a redshift = 1.563+ 0.001.

spectra fitting, a coherent description of a late type galalgy. A useful piece of information comes from the likely host
with moderate-high star formation activity is emergings-fu galaxy of XRF 040912 that shows no evidence of reddening,
ther strengthening the identification of this galaxy as tbsth with a “flat” spectral continuum (Fidl3). A possible inteepr
of XRF 040912. tation of these findings is that the afterglow of this XRF is in
trinsically fainter with respect to other XRFs. Another &am-
tion which we cannot exclude is that the optical emission was
5. Discussion suppressed by local (host galaxy) dust. The lack of redgenin
B . in the host galaxy spectrum may be explained by a localized
5.1. A "dark” X-ray flash dusty environment in the vicinity of the XRF, as suggested fo

The optical flux upper limits of XRF 040912 measured frorPRB 000210, another 'dark’ burst with similar charactécst
different telescopes (Tall 3) are among the faintest ever &fgorosabel et al._2003). Alternatively, the lack of redaeni
tained (Fidb), ranking this burst among the “darkest” XRF&ay be due to a weak wavelength dependence of the dust ex-
(and GRBs, see e.g. Rol et al. 2005). We note that the Galaétigtion law, as inferred for some GRBs and for other extra-
extinction towards this burst is small. Indeed, from Schleg 9alactic objects such as AGNs (Maiolino et/al. 2000, Strettta
al. (1998), the Galactic reddeningE¢B— V) = 0.028. The ob- @al-[2004b, Chen et al. 2006). In the latter case, a high elgiva
served faintness of XRF 040912 cannot be ascribed only o diydrogen column density is expected from the X-ray data-anal
tance since, for example, the more distant XRF 030429 shoy#s, While we found a value consistent with the Galactic ab-
a much brighter flux than this case. This suggests an intrRfrption. However, the X-ray data quality is too low to exigu
sically faint andor rapidly fading early afterglow or a highly @ large hydrogen column density value. A simple exploration
extinguished line-of-sight. of the parameter space, leaving all the model parametegs (se
The X-ray afterglow flux is among the faintest ones b3-3) free to vary, indicates an extra-galactic absorptiopeu
still comparable to other XRF X-ray afterglows observed dfMitof Nu < 7.4x 107 cm 2 (95% confidence level) assuming
similar epochs (a few days after the burst event). In particd solar abundance and a cold, neutral gas. Therefore, glthou
lar, both the flux and decay rate are very similar to those o€ cannot exclude the presence of a large amount of neutral
served for the X-ray afterglow of XRF 030723, for which howDydrogen, we consider that this possibility is not strorglp-
ever a bright optical counterpart has been detected [Figd2 £0rt€d by the observations.
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Fig.5. Optical afterglow R-band light curves for the XRFg$ig.6. The Epex — Eiw relation (Amati et al. 2002, Amati
at known redshift, up to-50 days after the burst. The mag2006). The open circles are the GRBs and XRR bursts while
nitudes were corrected only for Galactic extinction, but fdilled circles are the observed XRFs so far. The dotted lines a
XRF 020903 (upward pointing red triangles, Bersier et ahe best fit power lavpeai = 99 x E249 delimitated by a log-
2006) and for XRF 060218 (starred open squares) Mirabal etalithmic deviation of 0.4 (Amati 2006). The filled trianglase
(2006¢) for which, in addition, the host galaxy subtracticas XRF 021104 and XRF 030823 for which the distance scale has
applied. The other data are from: XRF 030429 (starred open tseen estimated through the pseudo-redshift (Pélangeah et
angles) Jakobsson et al. (2004); XRF 050416A (open squar2d)6).
Kahharov et al.[{2005), Yanagisawa et &l. (24005), Holland et
al. (2006); XRF 040701, (open circle) de Ugarte Postigo et al
(2004); XRF 030723 (starred open circles) Fynbo efal._(00Fwo more XRFs with rest frame properties more similar to
We put for XRF 040912 (filled circles) the deepest optical ugoft GRBs are XRF 030429 at= 2.65 and XRF 981226 at
per limits for the HETE-AVXM error-box down to which no z = 1.11, although for the latter, the intrinsic peak energy mea-
variable source was found by the Kiso (Ogura et al. 2004), NGQiire is &ected by large uncertainty (D’Alessio etlal. 2D05). In
(Andersen et al. 2004), TLS (this work) and Blanco (Rest.et @ddition, recent studies of XRF 050215B at unknown redshift
2004) telescopes and the upper limit found at the positidhef have addressed the faintness of its prompt event to a mederat
X-ray afterglow candidate from residual image obtainedarfroluminosity distance (Levan et al. 2006). Another internageli
Magellan image subtraction (marked filled circle). case that would have been classified as an X-ray Rich burst
is XRF 050416A ar = 0.65 (Sakamoto et dl._20D5) while the
onlyintrinsic XRFs (hereafter-XRFs) detected so far are XRF
020903 atz = 0.2506 (Sakamoto et al. 2004) and XRF 060218
The estimation of the distance scale for XRF 040912 allows asz = 0.03342 (Campana et al. 2006), both with an intrinsic
to investigate the intrinsic properties of this burst. @oting Epea below 10 keV.
the peak energy of theF, prompt emission spectrum for the  Motivated by these findings, we further investigated the
cosmological redshift, we fin€peai = 44 = 33 keV, while intrinsic properties of other XRFs detected by HETE-2 with
the total isotropic-equivalent released energy impliednfthe no measured spectroscopic redshift but for which the pseudo
observed fluence during the prompt emissiokiig = (1.5 + redshift was determined using a distance estimator based on
0.4) x 10°% erg. These values are consistent with Byg.j — the prompt emission (Atteia 2003, Pélangeon et al. 2006. T
Eis relation found to be valid for a large sample of bursts (e.gseudo-redshifts computed so far have provided redshift es
Amati et al.[200R), including GRBs, XRR bursts and XRFmate within a factor of 2 for tens of bursts (Pélangeon et al.
(Fig[@). 2006). Its applicability is reinforced here by XRF 04091 &hw
However, theEpexi and Ei values rank XRF 040912 z, = 2.9 + 1.6 consistent with the spectroscopic redshift of the
among the intrinsically soft GRBs rather than among the ihost galaxy. Two suitable candidates are XRF 021104 and XRF
trinsic XRFs, as evident in Figuid 6. A similar case was r&30823 (Pélangeon et al. 2006) for which the pseudo-rédshi
ported by Rau et all{20D5) for XRF 030528za+ 0.782 that arez, = 1.2+ 1.1 andz, = 0.8 + 0.7, respectively. For XRF
would have been classified as a soft GRB in its rest fran#21104 we fincEjs, = (0.7 + 0.2) x 10°? erg andE peax = 60%2]

5.2. Energetics
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peak energy below 40 keV are identified as XRFs. Two possible
outliers are the two nearliyXRFs (hamely XRF 020903 and
XRF 060218). Although at this stage we can not exclude a con-
tinuum distribution down to very soft bursts, the gap betwee

10% ¢ T T T Ty

e ’ the majority of the bursts and these two neart¥RFs may
§ (O] . . . .
10° | = possibly indicate a dierent population of very soft bursts (see
F ¢ f ] also Liang et al._2006). A distinct population of soft and-sub
@ o /{ energetic bursts has been recently proposed by Mazzali et al
oa120 ] ~ (2006) where the diversity from the brighter and hardertsurs

not only by the softness and the faintness of the prompt emis-
sion of XRF 020903 and XRF 060218, but also by the peculiar
0504164 @ 040912 properties of their associated SNe with respect to other-GRB
i SNe. Despite low mass progenitors (20445) possibly being
more common than high mass (35-BQ)) ones, the softness
. of their bursts would make their detection moréidult than
060218 for the harder bursts due to the spectral coverage presafntly
} 020903 1 forded by the flying high energy satellites. Similar con@dus
. L L L L have been reached by Liang et al. (2006) from GRB luminos-
0.001 0.01 0.1 1 10 ity function studies. The-XRFs segregation is however less
‘ evident in theE;s, (or Lis) versus redshift diagram (see e.g.
Liang et al. 2006). Further identifications BKRFs will help
Fig.7. The intrinsic peak energipeai 0f GRBs, XRR bursts answer the question of whether the soft peak energy bursts fo
(from Amati[2006, open circles) and XRFs (filled circles) ia distinct population or if they are rather the extensionatfh s
plotted against redshift. The dashed line marks the iritringnergies of a single phenomenon.
peak energy evolution with redshift, assuming a burst wiith
served peak energy of 40 keV.

"

r [}
1 Oz L 980425 %
£ ®
C j —

5% | stems from a lower mass progenitor. This scenario was driven

Epeak,i keV

7. Summary and conclusions

. i We performed a multi-wavelength analysis of XRF 040912. We
R 2

E?V;’:&lge fori(l;;?ﬁ ES\Z/STVxeeSfQiEe_S Sal.iii %Ii)s:ifi/ofhesgnd no optical afterglow counterpart. The limiting magwié

9 peak = 9.9 i 9 %%mputed from image subtraction, ranks this burst among the

thei-XRFs (Fig[®, filled triangles). We stress that the pseudg; rkest ever detected so far, wilh> 253 mag at 13.6 hours

redshift is an ’estimator’ of the distance scale and thisxalltesffjlﬂer the burst. Among 22 X-ray sources detected by Chandra

cannot be certain, although it is still a plausible expliorat " e HETE-2 error-box; only one shows a statistically dign
' 9 P P cant fading behavior with decay rate consistent with théclp

values measured for X-ray afterglows at similar epochs (few
6. The nature of X-Ray Flashes days after the burst). No evidence of any SN re-brightenagg h
been detected 22.3 days after the burst. The non-fadingabpti

high-redshift GRBs is turning out to be correct if XRFs are inyate, likely the host galaxy, shows a spectrum with a single
terpreted asoft GRBs at intermediate redshifts. This is true for amission line at 9550 A. The lack of any other strong emis-

all XRFs detected so far, but two. For the twXRFs 060218 gjon lines blue-ward of the detected one and the absence of th

and 020903 another explanation is required. It is worth nq_tya cut-off down to 3800 A are consistent with the hypoth-

ing, however, that both GRBs aneXRFs nicely satisfy the esis of the [OII] line at redshifz = 1.563+ 0.001. The in-

Epeaki — Eiso rel_at|_on, |nd|cat|qg a possible common origin ofinsic spectral properties rank this XRF among the soft GRB

the prompt emission mechanism. in the Epeakj — Eisp diagram. Similar results are obtained for
We further attempt to extract useful information by commoest XRFs at known redshift (or pseudo-redshift), sugggsti

paring the intrinsic properties of XRFs, XRR bursts and GRBge existence of two types of XRFs: one type is made by soft

We compare XRF 040912 with 45 long bursts taken from therBs at high# ~ 1) redshifts (most XRFs are of this type) and

burst sample quoted by Amaifi (2006), for which good estimatgnother typei¢XRFs), as XRF 060218 and XRF 020903, that

of redshift and observed peak energy were obtained. Incearhow intrinsic soft properties possibly associated withifa d

ular, we consider th&pe; value of GRB 031203 as quotedterent progenitor population. These observations, mayfaal

by Amati (2006), although this value is still uncertain (s¢# 3 new definition of XRFs, which would be restricted to tran-

Watson et al.2006). In Figul@ 7 we plot the intrinsic peak eBfents with arE e of a few keV. Such a definition is however

ergy as a function of redshift. In this plot, th&ea; values beyond the scope of this paper.

of XRFs are the natural extension of tBgesx; of GRBs to-

wards soft values, forming a single population of burstdwitacknowledgements. The authors are grateful to Thierry Doand

20 keV < Epeai < 2000 keV, where those bursts withserved  Jacob Walcher for useful discussion and to the anonymoeseefor
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