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Abstract. We present multiwavelength observations of a gamma-ray burst detected by INTEGRAL (GRB 030227) between
5.3 hours and-1.7 days after the event. Here we report the discovery of a dim optical afterglow (OA) that would not have been
detected by many previous searches due to its fainRess 23). This OA was seen to decline following a power law decay
with indexag = —0.95+ 0.16. The spectral inde8pynir Yielded—1.25+ 0.14. These values may be explained by a relativistic
expansion of a fireball (witlp = 2.0) in the cooling regime. We also find evidence for inverse Compton scattering in X-rays.

Key words. gamma rays: bursts — techniques: photometric — cosmology: observations

1. Introduction

Send gprint requests toA. J. Castro-Tirado, e-mailijct@iaa.es
* Based on observations with INTEGRAL, an ESA project wit

instruments and science data centre funded by ESA member state .
(especially the PI countries: Denmark, France, Germany, Ita Nf kev-10 GeV) photons (Fishman & Meegan 1995), occl

Switzerland, Spain), Czech Republic and Poland, and with the parti 1g at cosmological distances. S'r!ce their discovery in 19
ipation of Russia and the USA. Also partially based on observation$000 GRBs have been detectedyimays but only~50 have
collected by the Gamma-Ray Burst Collaboration at ESO (GRACEgen pinpointed at optical wavelengths in the last six ye
at the European Southern Observatory, Chile (ESO Large Progranfieiner 2003), with redshifts ranging from = 0.0085
165.H-0464). (Galama et al. 1998) to= 4.50 (Andersen et al. 2000).

amma Ray Bursts (GRBs) are flashes of high ene
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Crab

GRB 030227

Fig. 1. INTEGRAL image of GRB030227 in the Crab field during the=jg 5 The discoveryR band image of the GRB 030227 field taken
calibration phase. The image has been obtained in the 15-200 k§\he 2 5INT on 27 Feb. 2003. The position of the OA is indicated

range with the IBIASGRI instrument and deconvolved using thgyy the arrow inside the preliminary (Loiseau et al. 2003) and final
IBAS software. The distance between the Crab and the GRBGS.  (\jereghetti et al. 2003b) XMM-Newton error circles’(8nd 4’ radii,

North is up, East to the left. respectively). The field is’I 1’ with North up and East to the left.

ESAs INTEGRAL satellite &fers unique capabilities forTeIescope (UKIRT) on Mauna Kea (Hawaii). Table 1 dis-
the detection of GRBs thanks to its high sensitivity and imagiqgayS the observing log. We performed aperture photome-
capabilities ay-ray energies and X-ragptical. GRB 030227 4y sing the PHOT routine under IRAFThe optical field
was discovered in the INTEGRAL IBIS data by the autqyag calibrated using the secondary standard stars provided
matic IBAS spftware (Mereghetti et al. 2003a) on 27 Februafx/ Henden (2003). The near-IR images were calibrated us-
2003 (see Fig. 1). The burst started at 08:42:03 UT and Ias}ﬁg the standard FS114. The RATAN-600 radio telescope in

for ~18 s, putting it in the “long-duration” class of GRBSarachai-Cherkessia (Russia), observed the field at 3.9 GHz
It had a peak flux of 1.1 photonscfs™ and a fluence of during the period Mar. 6-9, 2003.

7.5x 1077 ergcnt? in the 20-200 keV range (Mereghetti et al.
2003b). The prompt dissemination (50 min) of the GRB po- _ _
sition (Gotz et al. 2003a,b) enabled triggering of a targé Results and discussion

of opportunity (ToO) observation with ESAs XM'\/I"\le\’\'t(mThe deep optical observations taken at the 2.5INT (simulta-

satellite, start_lng~8 hr after the ever!t. This (_Jbservatlon reheously with the XMM-Newton follow-up) revealed a point
vealed a fading X-ray source consistent with the IBIS e

ror circle which was identified as the X-ray afterglow o jource within the 8 radius XMM-Newton error circle, which
GRB 030227 (Loiseau et al. 2003; Gatez-Riestra et al. as proposed as the optical afterglow (OA) to GRB 030227

2003). The INTEGRAL data analysis indicates a soft gamm Castro-Tirado et al. 2003; see Fig. 2). This identification was

. O o onfirmed by further optical imaging (Soderberg et al. 2003;
ray spectrum for GRB 030227, possibly placing it in the X'ra]éerger ot a)ll. 2003; GF()JrosabeI %t %I(. 2003), V\g/’hich showed

;'(?\;'M clllasst, with fthe Mb”ghtﬁSttt.X'tra?' ;Oftoeégloﬁ detected b?‘pe source to be fading. An astrometric solution based on
-Newton so far (Mereghetti et al. ). Here we rePOy USNO A2-0 reference stars in the 2.5INT image taken on

the discovery of the optical afterglow of the GRB, and present \1or 2003 yields for the Ofvano0 = 4"57M33.05, 62000 =

further multiwavelength observations. +20°2905.0°. The internal error of the position is 055
which has to be added to therlsystematic error of the

2. Observations USNO catalogue~0.28" according to Assafin et al. 2001).
) ) ) The final astrometric error corresponds to ¢.6No radio af-

ToO observations were triggered starting 5.3 hr after tlﬂ@rglow was detected with RATAN-600 at the position of the

event at the 1.0 m State Observatory telescope (1.0SO)JR gown to a flux density limit (8) of 2 mJy (at 3.9 GHz).
Nainital (India). Subsequently, observations were made at

the Wendelstein 0.8 m telescope (0.8Wend) close to Munich _
(Germany), at the 2.5 m Isaac Newton Telescope (2.5INB1. The lightcurve of the GRB 030227 OA

at the 2.56 m Nordic Optical Telescope (2.56NOT) and tI'fﬁurR band lightcurve (Fig. 3) shows that the source was de-

3.58 m Telescopio Nazionale Galileo (3.58TNG), at La Palngﬁ R ;
. ning in brightness. Most GRB optical counterparts appear to
(Spain), and at the 3.6 m telescope (3.6ESO) at the European ¢ g P P PP

Southern Observatory, at La Silla (Chile). Near-IR observal |RAF is distributed by the NRAO, which are operated by USRA,
tions were obtained at the 3.8 m United Kingdom Infrareghder cooperative agreement with the US NSF.
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Table 1. Journal of optical and near-infrared (NIR) observations of the GRB 030227 field.

Date of 2003 UT Telescope Filter ~Exposure time  Magnitude
(seconds)
Feb. 27, 13:45-14:00 1.0SO (CCD) R 300+ 600 22.0+ 0.3
Feb. 27, 18:08-18:40 0.8Wend (MONICA) R 1320 >21.5
Feb. 27, 20:40-20:50 2.5INT (WFC) R 600 23.10+ 0.16
Feb. 27, 20:51-21:01 2.5INT (WFC) B 600 245+ 0.3
Feb. 27, 23:17-23:30 2.5INT (WFC) R 800 23.19+ 0.18
Feb. 27, 23:32-23:45 2.5INT (WFC) B 800 >23.0
Feb. 28, 05:00-05:40 3.8UKIRT (UFTI) K 1800 19.2: 0.1
Feb. 28, 05:40-06:30 3.8UKIRT (UFTI) H 1800 20.2+ 0.1
Feb. 28, 20:00-20:47 2.56NOT (ALFOSC) R 3x 600 24.1+ 0.2
Feb. 28, 20:10-21:00 3.5TNG (DOLORES) B 3x 900 25.4+ 0.2
Feb. 28, 22:25-23:15 2.5INT (WFC) R 3x 600 >23.9
Feb. 28, 23:15-Mar. 1, 00:37 3.6ESO (EFOSC2) R 6 x 600 24,75+ 0.25

* An upper limit to the redshift of < 3.5 can be estimated

20 ] from the absence of the onset of the Lyman forest blanket
r 1 in the optical data, consistent with the estimates from the X-I

21 —

P v Y | spectraf ~ 3—4, Mereghetti et al. 2003b;~ 1.6, Watson et al.
£ e | 2003).
g | 4
:? 23— *+ -
= L e ] 3.2. The spectral shape of the afterglow: Evidence
i t ; | for inverse Compton scattering
25— -

1 We have determined the spectral flux distribution of tl
e - T . GRB 030227 OA on 28.24 UT Feb 2003 (mean epoch
Time since 27 ar 2008, 08:42 UT (day) the HK band images) by means of o&RHK broad band
Fig.3. TheR band lightcurve of the GRB 030227 OA. Circles repphotometric measurements obtained with th&edéent tele-
resent measured magnitudes and triangles represent upper Iimits.g'(t@pes_ We interpolated tfRandR band magnitudes to tha
dashed line is t_he be_st fit to the data (excludin_g_ the 3.6ESO _po_int)eﬁoch’ and fitted the observed flux distribution with a pow
power{-lg\{v c:s,c“”e withrg =|_0.'95|i3.1t?1. In a‘ﬂd't'on tO(;'PPEfJ'E"tLSJ law F, « 1, whereF, is the flux density at frequency,
reported In tnis paper we also Include the earlier ones derived ny Ur : : : P
et al. (2003), Pavlenko et al. (2003) and Torii et al. (2003). ?V}Z(\jlg I(ljlg;?lfs SopBe;tltlall( Il?a(lj:(;(s :]—gseog:gsl JIE:urTi/Sc?r\::llttf:isu ta;ut:
tracting the contribution of any host galaxy, assuming a rt
be well characterised by a power law decay plus a constant fA8NINgE(B — V) = 0.46 from the DIRBEIRAS dust maps
component(t) o (t—to)” + FrostWhere,F (1) is the total mea- (Schlegel etal. 1998). In converting the magnitude into flu
sured flux of the counterpart at timie-{to) after the onset of the the éfective wavelengths and normalisations given in Fukug
event atty, a is the temporal decay index amgios; is the flux et al. (1995) were used. The flux densities are 2.4, 2.7, 1
of the underlying host galax¥nostis negligible in this case, asand 15.0uJy at theBRHK bands, corrected for Galactic red
indicated by the lack of flattening of the optical light curve adening (but not for possible intrinsic absorption in the hc
the time of our last observations (we estimBigs; > 26). From galaxy). The fit to the Nlpoptical dataF, o »* givesBopynir =
a least squares linear regression to the obseRueahd fluxes, —1.25+ 0.14 (y*/d.o.f.= 0.08).
a power law decline witlkg = —1.10+ 0.14 (y?/d.o.f. = 1.53) Figure 4 shows the broadband spectrum (from ne
provides an acceptable fit but it is ruled out by the early uppkt/optical photometry to X-rays) for the GRB 030227 afte
limits. However, if we exclude the 3.6ESO data point, a powgtow. The NIRoptical spectral indexgopynir = —1.25 +
law decline withar = —0.95+ 0.16 (y?/d.o.f. = 0.64) pro- 0.14) is consistent with the spectral index for the unabsork
vides a better fit, which is also just consistent with the earli¥-ray spectrumfgx = —0.94 + 0.05, Mereghetti et al. 2003b)
upper limits. This flux decay of the GRB 030227 agrees withut they do not match each other’s extrapolations, simila
the decay in X-raygrx ~ —1.0 = 0.1 (Mereghetti et al. 2003b; to GRB 000926 (Harrison et al. 2001) and GRB 0102
Watson et al. 2003) and is comparable to the slow decline rafest Zand et al. 2001). We have investigated whether cons
observed in other GRB OAs. There are OAs for which a breakable extinction in the host galaxy (considerinfefient ex-
or a smooth, gradual transition does occur within 1-2 daystaiction laws) could produce suclffect, in order to reproduce
the burst. The 3.6ESO measurement might give indicationar optical-IR spectrum as an extrapolation of the X-ray spi
a break around1.5 days but the lack of further data at latetrum, but found this not feasible. This results in no spect
epochs precludes confirmation. break between the N}jBptical and X-ray bands, which will be
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Fig. 4. The broadband spectrum for the GRB 030227 aftergloty #t0.87 days. The NIRptical spectrum (solid line) has been dereddened
assumingE(B — V) = 0.46 from the DIRBEIRAS dust maps. A fitF, « 1# to the NIRoptical data give@Bopynr = —1.25 + 0.14. The
absorbed X-ray spectrum from XMM-Newton (dotted line) can be unabsorbed and represented by a power law (dashed line) with photon ir
I' =1.94+0.05 (i.e.8x = —0.94+ 0.05) , considerind\y = 6.8 x 10?? cm? at a redshifiz ~ 4, following Mereghetti et al. (2003b). This is
equivalent to consider a value bf; = 1.1 x 10?? cm? atz ~ 1.6, as derived by and Watson et al. (2003).

also consistent with the similar decay indexes in both bandise to a stellar wind, Chevalier & Li 20003,= (1 - p)/2 and

(ar = —0.95 andax = —1.0). Thus, we suggest that in contrast = —(3p—1)/4. In both cases, we have considered valugs of

to the NIRoptical band, where synchrotron processes donii the range 1.8 to 3, as observed in most afterglows detected
nate, there is an important contribution of inverse Comptda date (van Paradijs et al. 2000), but we cannot reproduce the
scattering to the X-ray spectrum besides line emission (Watsavserved values af andg.

etal. 2003), as it has been proposed for GRB 000926 (Harrison For the cooling regimevt < v) in both the ISM & = 0)

etal. 2001). This implies a lower limit on the density of the eXgnd wind & = 2) cases, the evolution is similar at Ntiptical
ternal mediumn > 10 cnt3 (see Panaitescu & Kumar 2000). gnd X-ray wavelengths, with = —p/2 ande = —(3p — 2)/4.

The best results are obtained for 2.0, from which we derive

a ~ —1.0andB ~ —1.0, consistent with our measurements.

In light of the previous arguments, we propose that both the
Many afterglows exhibit a single power law decay indexbserved slow decay in the NiépyX-ray lightcurves and the
Generally this index isx ~ —1.3, a reasonable value for theintrinsic spectrum, are consistent with a fireball in the cooling
spherical expansion of a relativistic blast wave in a constargime withp = 2.0, but we cannot distinguish between the
density interstellar medium, according to the standard fireball= 0 ands = 2 cases. Only a detection in radio & v
model (Mészros & Rees 1997). In fact, the value offor atty + 0.87 days) would have allowed us to discriminate both
GRB 030227 falls within the boundaries defined by the obsenodels.
vations made to date, from0.67 = 0.1 in the GRB 020331
(Dullighan et al. 2002) te-1.73 + 0.04 in the GRB 980519
(Jaunsen et al. 20013.only depends omp (the exponent of the :
power-law distribution of the Lorentz factor for the relativistic4 - Conclusions
electrons) and it does not depend on the geometry of the exp@r presented multiwavelength observations of the afterglow
sion. Hereafter we will assume=~ -1.0 ands ~ —1.0 for the associated with the possibly X-ray rich GRB 030227. This
NIR/opticalX-ray bands. Several models have been explorgguld be one of the few OAs detected to date to an X-ray
in order to reproduce the observed values ands. rich GRB. The decay index in th&band lightcurve isvg =

For an adiabatic expansion{ < v < 1) in a con- —0.95+0.16, with a possible break detectiontgt ~1.5 days.

stant density insterstellar medium (ISMY,= (1 — p)/2 and The optical-NIR spectrum &+ 0.87 days allowed us to deter-
a = -3(p— 1)/4, wherey is the observing frequency; is the mine a spectral indeBopynir = —1.25+ 0.14. The multiwave-
cooling break frequency and, is the synchrotron peak fre-length spectrum can be modeled by the expansion of a fireball
quency (Sari et al. 1998). For a spherical adiabatic expansi@ith p = 2.0) in the cooling regime. We also found evidence
with the densityn « r=3 with s = 2 (inhomogeneous mediumfor inverse Compton scattering in X-rays.

3.3. Adiabatic expansion or cooling regime?



A. J. Castro-Tirado et al.: GRB 030227: The first multiwavelength afterglow of an INTEGRAL GRB L

The GRB 030227 OA is only 0.5 mag brighter that thEox, D. W., Price, P. A., Soderberg, A. M., et al. 2003, ApJ, submitt
dimmest OAs found so far, like GRB980613 (Hjorth et al. [astro-ph/0301377]
2002), GRB 000630 (Fynbo et al. 2001), GRB 020322 (Bloofrynbo, J. U. P., Jensen, B. L., Gorosabel, J., et al. 2001, A&A, 3
et al. 2002) and GRB 021211 (Fox et al. 2003), once the 373 o _
galactic extinction is taken into account. For comparison puiZkudita, M., Shimisaku, K., & Ichikawa, T. 1995, PASP, 107, 945

ama, T. J., Vreeswijk, P. M., van Paradijs, J., et al. 1998, Natt

_ R I
poses see the light curves of 18 afterglows shown in Fig. 3%? 395, 670

Gorosabel (_"‘t al_' (20(_)2)' . . . onzlez-Riestra, R., Guainazzi, M., Loiseau, N., et al. 2003, IA
In combination with multiwavelength studies, itis expected ;. gog7

that INTEGRAL will shed more light on the origin of GRBS. Gorosabel, J., Andersen, M. 1., Hjorth, J., et al. 2002, A&A, 383, 1.

Gorosabel, J., Castro Tirado, A. J., Reverte, D., etal. 2003, GCN Ci
1915
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