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ABSTRACT

Aims. Long-duration gamma-ray bursts (GRBs) have been found tasbeciated with broad-lined type-Ic supernovae (SNe), but
only a handful of cases have been studied in detail. Promiptatie discovery of the exceptionally bright, nearby GRBABA
(redshiftz= 0.3399), we aim at characterising the properties of its@ated SN 2013cq. This is the first opportunity to test diyect
the progenitors of high-luminosity GRBs.

Methods. We monitored the field of th8wift long duration GRB 130427A using the 3.6-m TNG and the 8.2-rif during the time
interval between 3.6 and 51.6 days after the burst. Photansetd spectroscopic observations revealed the presdribe type Ic

SN 2013cq.

Results. Spectroscopic analysis suggests that SN 2013cq resemidgs¢vious GRB-SNe, SN 1998bw and SN 2010bh associated
with GRB 980425 and XRF 100316D, respectively. The boloindight curve of SN 2013cq, which is significantlyfacted by the
host galaxy contribution, is systematically more luminthemn that of SN 2010bh-@ mag at peak), but is consistent with SN 1998bw.
The comparison with the light curve model of another GRBramted SN 2003dh, indicates that SN 2013cq is consistehtttt
model when brightened by 20%. This suggests a synthesideshciive®*Ni mass of~ 0.4M,. GRB 1304274SN 2013cq is the first
case of lowz GRB-SN connection where the GRB energetics are extr&me, (~ 10°* erg). We show that the maximum luminosities
attained by SNe associated with GRBs span a very narrow raogéose associated with XRFs are significantly less lonsnOn

the other hand the isotropic energies of the accompanyinBsGfRan 6 orders of magnitude (i@rg< E, s, < 10° erg), although
this range is reduced when corrected for jet collimatiore BRB total radiated energy is in fact a small fraction of thee®iergy
budget.

Key words. Gamma-ray burst: general - supernovae: individual: SN 2§13

* Based on observations made with the VLT, operated on the moun
tain of Cerro Paranal in Chile under program 091.D-0291(AJ with
the TNG, operated on the island of La Palma by the Fundac#lite@ Observatorio del Rogue de los Muchachos of the Institutosteofisica
Galilei of the INAF (Instituto Nazionale di Astrofisica) dte¢ Spanish de Canarias under program A27TAC
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1. Introduction dependently theFermi satellite at 07 47" 06%.42 UT
on Kienlin 2013; [ Zhu et al. 2013) and th&wift satellite

. . . Vi
The majority of nearby under-energetic long dura’qon gamm%t 07 47 575 UT (Maselli etal. 2013), and attained the
ray bursts and X-ray flashes (GRBs and XRFsith total highest fluences observed in theray band for both satel-

isotropic energyE;so < 10°! erg) are associated with with highly: _ ) N 2 2 _
energetic SNe_(Mazzali et al. 2006a; Mazzali et al. 2006hbg Tl(lgecs)lffzsa"ﬂM(;\E;)lfo ‘Il( 82/)1035(; 1(Zm2e)rg T(;ng h?nhd_;;ee”;“
study of the supernova in these cases is facilitated by tmweerﬁission of GRB130427A wags also. detectec? b sg\yeral
ness of the GRB afterglow and the relatively small distance. tbiting observatory, i.e. MAXI [(Kawamuro ef aly 2013)

For z < 0.3 the accuracy of optical photometric an NTEGRAL (Pozanenko et al. 2013), Konus-Wind

spectroscopic monitoring is satisfactory and individu - :
atomic species can be identified in the SN Spectru,CI-:‘oIenetskuetaI.2013), AGILE [(Verrecchiaetal. 2013),

(Galama etal. 1998; [ Patatetal. 2001  Hijorth et al. 2003-22kU [(Akiyama etal. 2013), RHESSL_(Smith etal. 2013)

Stanek et al. 2003; Soderberg et al. 2004; _Malesani et au;zoéhd Mars Odyss8y This event has been the focus of sev-

Ferrero et al. 2006; [ Pian et al. 2006/ _Sollerman et al. 200%al recently published _studies[_{Ackermann et al. 2014,

. . Preece et al. 2014; Maselli et al. 2014; _Vestrand et al. 2014;
Mirabal et al. 2006; | Bersier etal. 2006;| __Cano etal. 20115 - i , or=—= '
Bufano et al. 2012; Melandri et al. 2012; Schulze et al. :Zolégﬂ\éietgtcouu;tsl‘ 22(?1133 : Ei?EZ:;L?gtzg;lgb lljgrle_;&}e; alrgijoslhif
At higher redshifts, up t@ ~ 1, the presence of an associated as measured fo bB—: 0.3399+ 0 0002.(Levan. st al 2018a-
SN is inferred from the detection of a “rebrightening” in the — S . : '

late afterglow light curve due to the emerging SN comp3Su et al. 20134 Flores etal. 2013).

nent [Bloom etal. 1999; [ _Castro-Tirado & Gorosabel 1999; In the optical band a bright flash_, probably due tp a reverse
Galama et al_ 2000 Castro-Tirado et al 200fhock component, was observed simultaneously with the high
Lazzatietal 2001: [ Masettietal 2003: [ Zeh et al. 200%1€"dy emission{ 100 MeV) at very early times. Subsequently,
Gorosabel et al. 2005;| _Bersier et al. 2006; __Cobb et al. 20 e GRB afterglow emission can be described by the contribu-
Soderberg et al. 2006;_Tanvir et al. 2010; _Cano et al. 2011 p_n O.f both reverse and forwa_rd shocks (Vestrand et al. 2014
In a few cases, single epoch spectra obtained close Panaitescu et al. 20013; Maselli et al. 2014; Perley et al3201

. [Levan et al. 2013b).

the peak of this rebrightening show SN features similen . . .
to those exhibited by GRB-accompanying SNe at lower GRB 130427A exploded in a relatively bright, extended host

- . . laxy, catalogued in the Sloan Digital Sky Survey (SDSS
redshifts (Della Valle et al. 2003; Garnavich et al. 20092 X ;
Greiner et al. 2004;] Soderberg et al. 2005; Berger et al.;ZOf 13232.84274155.4), that showed the typical properties of

= = e nearby GRB host populatian (Savaglio et al. 2009). &bk st
Della Valle et al. 2006a; Sparre et al. 20L1; Jin et al. 2008t lar mass WM. = 21+ 0.7 x 10° M) and mean population

confirming the association of the GRB with a SN event. age £ 250 Myr) indicate a blue, young and low-mass galaxy

All GRBs associated with SNe ar < 0.3 so far oo
discovered show low isotropic energy, typically less thaﬁjﬁerleyetal. 2013). The afterglow of GRB 130427A is slightl

~ 10° erg, with GRB 030328N 2003dh [(Hjorth et al. 2003; offset from the centroid of its host galaxy 0.83”, correspond-

Stanek et al. 2003; _Matheson et al. 2003) being the only é{gg ;Ore'vmf' 'l(hp(acre”}spr:cc))]?\?nr?ln stt';\trhf?)rrrﬁi?fh:fet ?(];r:huenc?e%?lﬂ)n;md
ception. This is a relatively nearby GRBz (= 0.168) pp y gnly greg

; - : GRB (Levan et al. 2013b).
with an isotropic energy ofE,isc ~ 2 x 10°? erg T . . .
(Vanderspek et al. 2004) which falls in the faint tail of treo$- Despite its relatively low redshift, which favoured the de-

mological” GRBs energy distribution (e.q. Amati et al. 2poziection and follow-up of the associated SN2013cq in Rie
Amat?et al_2008). Thegylong nearby(GhB 130427A is;)eﬁ_)and (Xu etal. 2013b), GRB 130427A displayed all properties

ceptional and outstanding. It showed a huge isotropic e?lf more commonly observed high-redshift bursts. The extrao

ergy Eio ~ 105 erg:[Maselli et al, 2014; Amati et al, 201361)dmanly high observed energetics of GRB130427A and its

and at the same time the association with a SN was Cli:é?seness motivated our optical multi-band search andsive
(SN 2013cq de Ugarte Postigo et al. 2013). GRB 130427A fdP/1OW-up of its associated supernova.
lows the well-known Amati EpeacEiso, [Amati et al. 200P)
and Yonetoku EpeacLiso, [Yonetoku et al. 2004) correlations3, Observations and data reduction
(Maselli et al. 2014). This made the study of the propertie$ a ] _
evolution of SN 2013cq particularly interesting, since reyyy \We observed the field of SN 2013cq with the ESO 8.2-m Very
energetic GRB has ever been detected at relatively low igdsH-arge Telescope (VLT) at Paranal Observatory equipped with
so that this is the first occurrence of connection between a $QRS2 (imaging in th8VRI filters and spectroscopy) and with
and a GRB that has all the characteristics of a cosmologi¢a¢ Italian 3.6-m Telescopio Nazionale Galileo (TNG) eqeig
event. with DOLORES (imaging in they'r’i’ filters) from 3.6 to 51.6

In this paper we present the results of our photometric af@ys after the burst. Tables 1 did 3 summarise our obsersatio
spectroscopic campaign, coverind..5 months, carried out with
the VLT and the TNG. Throughout the paper we assume a st
dard cosmology wittHy = 72 km st Mpc™?, Q, = 0.27, and
Qp =0.73. Image reduction, including de-biasing and flat-fieldingswar-
ried out following standard procedures. Images were Gatidor
using a set of SDSS catalogued stars acquired with S35
2. GRB 130427A / SN 2013cq filters (TNG observations) and with respect to standard dield
GRB130427A was a long and extremely bright GRBn the BVRI filters (VLT observations). We performedfi#iren-

(Teo ~ 160 s; [Barthelmy etal. 2013) that triggered intial photometry at the position of the optical afterglowingsan
aperture of> 2 x FWHM of individual frames, large enough

&Y Imaging

1 XRFs are a softer version of GRBs, having integrated sppetas-
ing around 5-10 keV instead of 100-1000 keV. 2 httpy/www.ssl.berkeley.edipn3/masterli.txt
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02 : ———"7 185 Table 1. Journal of the VLTFORS2 spectroscopic observations
of SN 2013cqAtyps corresponds to the acquisition starting time
1190 of the spectra in the observer frame, with respect to the GRB
01r . trigger time, whiletey, is the total exposure. TR&N) is the av-
- ¢ . 1195 erage per spectral bin between thibl &t the edges of the grism,
0.05 | MR LA §§ % o where dficiency is lower, and that at the central wavelengths.
| . N“ 1200 The last column shows the rest-frame time.
[ Y . S o
I " % o : . 1205 E Date Atops texp (SIN) Grism  Atge
002 I A " i x (days) (s) (days)
™ s B 21.0 2013 May 4  6.737 %900 13-28 300V +5.02
S My | 20L3May7 673 2000 410 300V <726
L 4 [ ' ay . - +7.
oLt f 'R tan “ S 0 2013 May 10 13.669 2900  6-10 3001 +10.20
"""" : ) 14 2013 May 12 15.660 2900 5-12 300V +11.68
T Musens 2013May 14 16.680 21800 10-20 300V +12.44
A 1 N R 2013 May 16 18.696 2900  3-9 300V +13.95
3 5 7 10 20 40 2013 May 25 28.676 2900 3-5 300V +21.40
Observed time [d] 2013 May 27 30.663 21800 7-13 300V +22.88
2013 May 28 31.665 1800 10-15 300V +23.63
Fig.1. Observed BVRI light curves of

GRB 1304274ASN 2013cq, not corrected for Galactic ex-

tinction. For clarity,R and | magnitudes have been shifted b)b ; - ; ;
. . . I and light curve is heavily contaminated by the host galaxd/ a
ﬁgiifg?tﬁgﬁo@tag;;@spiﬁcégfrl]yﬁ::e?r'zoma' lines repre therefore not meaningful and not shown. The de-reddened mag
9 y ' nitudes have been transformed into monochromatic fluxesusi
the zeropoints in Fukugita et al. (1995).

to include also the contribution of the underlying host ggla
ObservedVRI light curves are shown in Fif] 1. 3.2. Spectroscopy

During our campaign it was not possible to acquire @ T/FORS2 spectroscopy was carried out using the 300V

deep image of the host galaxy alone because the GRB Qb covering the range 4450-9500A (corresponding t@332
tical counterpart dominates the emission at early epochs 90A in the GRB rest-frame). For two epochs we also

may still contribute significantly at late epochs. Moreotiee used the 3001 grism, covering the range 6000—11000A (4478—

offset of the SN with respect to the host galaxy is orly A X s )
0.8”(Levan et al. 2013b), always comparable with the seeing 8104 rest-frame). We used in all cases ‘adit, resulting

our images (see Table 3). Therefore, we used the SDSS mifgan gfective resolutiorR = 440 at the central wavelengths
nitudes of the host galaxy that ate = 2241+ 0.33,g = Asoov = 5900 A andisoo = 8600 A, respectively. The spectra
21.98+0.11,r = 21.26+0.09,i = 21.19+0.16,z = 21.11+0.54. Were extracted using standard procedures within the paskag
We converted these magnitudes into JohpGonsins magni- ESO-MIDAS] and IRAH. A He-Ar lamp and spectrophotomet-
tudes using the transformation equations in Jester et@5)2 ric stars were used to calibrate the spectra in wavelength an
obtaining the final valueByg = 22.2, Vi = 215, Ryg = 21.2, flux, respectively. We accounted for slit losses by matchireg
lhe = 20.5. These values are consistent with Perley et al. (201fyx-calibrated spectra to our simultaneous multi-bandtgime
and shown in Fid.]1 as horizontal lines. etry.

We subtracted the estimated values for the host galaxy After subtracting the contribution of the host galaxy using
from our data, corrected for Galactic extinction (using ¢a¢- @ spline interpolation to the SDSS magnitudes, we corrected
alogued value 0Eg_y caacic = 0.02 mag| Schlegel et al. 1998;the residual for Galactic extinction (with the extinctiouree of
Schiafly & Finkbeiner 2011), applied k-corrections usingr ouCardelli et al. 1989). We also applied the correction forithe
spectra (onlyB andV filters, because the spectra do not covdfinsic reddening following Xu et al. (2013b) as in sectiaf.3
the redshiftedR and| filters central wavelengths) and then subYVe model the afterglow spectrum with a single power-law as
tracted the afterglow component. The temporal behaviour of
the afterglow in each filter, where the early light curves aver norm |
modelled with a forward relativistic shock into the circuels Fa(4) =N 1
lar medium, can be described with a steepening power-law hav
ing decay indices of 0.8 and 1.5 before and after a break ]
located at~ 0.5 days [(Laskar et al. 2013; Maselli et al. 2p14vhere we fixedlnom to the rest-frame flux at 6588 A (cor-
Perley et al. 2013;_Xu etal. 2013b). Our data cover the pha§sponding to theR-band), N is the power-law normalisa-
after this temporal break, and are consistent with the abdi@n and the spectral inde, = 1.5 (Masellietal. 2014,
time decay until a week after explosion, when the contriouti Perley et al. 2013). Telluric absorption features and thisieo
from SN 2013cq becomes increasingly important. The afoergl parts of the spectralgr < 3400 A andirr > 6800 A for the
model was then subtracted from the host-subtracted ligivesu 300V grism andige < 4600 A for the 3001 grism) have been
and the residual, which is attributed to SN 2013cq only, veais ¢ omitted. A clearly spurious feature has been deleted fraen th
rected for intrinsic absorption following Xu et al. (2013bhese spectrum acquired at11.68 rest-frame days.
authors estimated the valuggEy), Host Galaxy= 0.05 mag from
the detection of Na | D 5890 & 5896 absorption lines. The fi-* http://www.eso.org/projects/esomidas/
nal correctedvRI light curves are reported in Figl 2. T 4 http://iraf.noao.edu/

1)
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mum is reached later in redder bands. In SN 2013cq this tempo-
ral evolution is particularly fast, so that the rise in teband

is rapid and resembles the one of XRF SNe (Pian et al.[2006;
Ferrero et al. 2006; [_Mirabal et al. 2006/ __Bufano et al. 2012;
Olivares et al. 2011), while iRandl bands the rise is more sim-
ilar to that of SNe associated with losminder-luminous GRBs
and classical GRBs at higher redshifis_(Galama et al.|1998;
Patat et al. 2001; Garnavich et al. 2003; Malesani et al. 2004
Della Valle et al. 2006b; Clocchiatti et al. 2011,
Melandri et al. 2012).

=
o
—_

H
9
w

Flux density [mJy]

4.2. Optical spectra

In Fig.[3 we show the FORS2 spectra acquired betweé&n0
and~ 23.6 rest-frame days after the burst event.

3 6 10 20 30 The quality of our spectra is not §icient for the accurate
measurement of individual absorption features and for #ie e
timate of photospheric velocities, but only for a generaheo

Fig.2. SN 2013cq rest-frame light curve for the (magenta Parison with the spectra of high kinetic energy Type Ic SNe.
squares)R (blue circles) and (red diamonds) bands. We showAmong these we have selected some with gogid &ndor
also the k-correcteR-band light curves of SN 1998bw (dashe@pectral coverage: the GRB SNe 1998bw_(Patat et al.|2001)
line) and SN 2010bh (dotted line). Solid coloured lines heek-  and 2003dh (Hjorth et al. 2003; Mazzali et al. 2002), XRF SNe
corrected light curves of SN 1998bw transformed by stretch a20063] (Pian et al. 2006) and 2010bh (Bufano et al. 2012) and

luminosity factors and represent the best fit to the SN 2013t broad-lined Ic SN2010ah (Mazzali et al. 2013). A similar
VRI light curves. ity is found with SN 2010bh (see also Xu et al. 20113b) and with

SN 1998bw and for clarity we show only the comparison with
these two SNe in Fid.]3. The spectra of SN 2010bh are a good
match of those of SN 2013cq, although those of SN 1998bw are
a better representation in the blue, especially at phatgsi4,

4.1. Optical light curves +21.40,+22.88 days, suggesting strong line-blocking from high

: . . . velocity material.
Inspection of Figlll shows the presence of a rebrightening at y

20 days, more pronounced in the redder filters, that is the tel
tale signature of an underlying SN, first identified by Xu et akl.3. Bolometric light curve
(2013a) and named SN 2013¢q (de Ugarte Postigo et al! 201\/:;%). o .
In Fig.[2 we show the fina/RI light curves of SN 2013cq. e have constructed a bolometric light curve in the rang®300
Also plotted in Fig.[2 are the k-correcte®-band light 10000 A using the available photometry. For each epoch we fol
curves of SN1998bw and SN 2010bh, which were associatéwed the reduction procedure described in section 3.
with GRB 980425 [(Galama etal. 1898) and XRF100316D Then we fitted with a spline function the residual monochro-
(Starling et al. 2011; [_Cano et al. 2011a; __Bufano et al. 201@atic light curves, which represent the supernova comppnen
Olivares et al. 2011), respectively, as they would appetirelf and integrated the broad-band flux at each photometric edser
occurred at a redshift of = 0.3399. In order to determine thetion epoch. The flux was linearly extrapolated blueward @f th
rest-frame peak times in each filter, we adopted the formalis/-band flux down to 3000 A and redward of thédvand flux to
of Cano (2013), by which the optical light curves of the well0000 A. The result is reported in F[g. 4. The errors assediat
observed type Ic SN 1998bw are used as templates to descrilita our photometry, galaxy measurement, afterglow fit and i
SNe with less well sampled light curves. The solid lines itrinsic absorption were propagated and summed in qua@ratur
Fig. [@ are the k-corrected light curves of SN 1998bw in thEhese are extremely large at the earlier epochs, so thaothtsp
relevant bands, stretched in time and flux to match SN 2013égve been omitted in the figure. For comparison, and as a con-
The scaling factors were obtained with a best-fit to the data sistency check, we report the bolometric point obtainethftioe
SN 2013cq, following Cano (2013). The peaks of these teraplaiST measurements of May 20, 2013 (Levan et al. 2013b). We
light curves represent our best estimates of the light maxiralso compare the bolometric light curve of SN 2013cq witlstho
of SN 2013cq:Tpeakv ~ 9.6 £ 0.7, Tpeakr ~ 138 = 0.9 and of SN 1998bw [(Patat et al. 2001), SN 200€aj (Pian et al. 2006)
Tpea ~ 17.9 = 1.4 days after the burst. We note that the errosnd with the models for SN 2003dh (Mazzali et al. 2003) and
are formal uncertainties returned by the fit and are likely ®N 2012bz[(Melandri et al. 2012). The bolometric light cun¥e
underestimate the real uncertainties by about a factor of @\ 1998bw was constructed in the same rest-frame band (3000-
Our best-fitR-band maximum flux and time agree with thosa0000 A) and using a Galactic extinctionBg_y = 0.052 mag
determined by Xu et al. (2013b) within the error bars. Thas recently reported by Schlafly & Finkbeiner (2011). It does
SN 2013cq flux maximum in thB-band is found to be slightly not differ significantly from that reported in Pian et al. (2006)
fainter (~ 0.2 mag) than SN 1998bw. which was corrected for a lower estimate of Galactic extimct
It is commonly observed in SNe of all types, includingnd included & 15% flux correction for NIR contribution. The
nearby Ic SNe and GREBRF SNe [Richmond et al. 1996; model of the light curve of SN 2003dh (Mazzali et al. 2003) was
Foley et al. 2003; [_Mazzali et al. 2002;|__Mazzali et al. 200fgescaled by 20% to match the HST point, which is very accu-
Valenti et al. 2008;[_Galama et al. 1998; Soderberg et al.[20@4te. The rescaled model also fits well the rest of the lighteu
Soderberg et al. 2006; Bufano et al. 2012), that the lightimaxvithin the large errors. This suggests that #Ni mass syn-

| - 1998bw
rrrrrr 2010bh

1 1 1 T 1

10~

Rest-frame time [d]

4. Results
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Table 2. GRBs-SNe properties. Columns are: (1) GRB-SN
name, (2) redshift, (3) isotropieray energy in the 1-10000 keV

energy band and (4) peak bolometric magnitude of the super- -21 e 43,9
nova. L E
GRB - SN 4 Ey,iso Mol Refs. —20 13CC1 —143.5
(x10°? erg)
980425 - 1998bw 0.0085 0.000#00.00002 -18.6%0.20 1,2 ° )
030329 - 2003dh 0.1687 1450.3 -18.71+ 0.15 34 2 219 Ha3.1 5
031203 - 2003w 0.1055 0.0190.004 -18.92:0.20 5,1 = ”
060218 - 2006aj 0.0334 0.00%30.0003 -18.16: 0.20 4.6,7 & g
100316D - 2010bh 0.0591  0.0870.003 -17.56:0.25 89 E _ g 27 =
120422A - 2012bz 0.283 0.0240.008 -18.56+ 0.15 10 E -
130427A - 2013cq 0.3399 8108.0 -18.91+0.20 112 o é
130702A - 2013dx 0.145 0.0650.010 -18.51+ 0.15 12,13 g _17 423 W
Refs: 1-Amati et al. (2006); 2-This work; 3-Deng et al. (2p@&Amati et al. (2008); ° -
5-Mazzali et al. (2006a); 6-Pian et al. (2006); 7-Ferrerale£2006); m 1
8-Bufano et al. (2012); 9-Starling et al. (2011); 10-Melard al. (2012); _16 419
11-Maselli et al. 2014; 12-D’Elia et al. (2014, in prepava;
13-Amati et al. (2013b; note that uncertainty Byyso is amended here). g
—_ 1 5 ) I ) I ) I 11111 FI 11 I ) 4 1 5
0 10 20 30 40 50
thesized by SN 2013cq is20% higher than that of SN 2003dh, Time after GRB [rest—frame days]

which leads to an estimate of0.4M, (Mazzali et al. 2006a).

Fig.4. Bolometric light curve of SN2013cq (red filled cir-
cles) compared with those of SN 1998bw (orange filled cir-
GRB 130427A is the brightest GRB detected Byift/BAT, ~C€les), SN 2006aj (blue filled triangles), SN 2010bh (gregedil
one of the most energetic eveE, (s, ~ 10° erg, E,peax ~ Sguares) and with the models for SN 2003dh (dotted line) and
12 - 13 x 10 keV), and the most energetic é’gv emitSN 2012bz (dashed line). We show also the best fit model for
ting GRB (~125 Ge\/ in rest-frame;_Ackermann et al. 2014).SN 2013cq (.sol|dll|ne). As a consistency check, we also tepor
GRB 130427A is located in a yet uneXpIored region ofEhe,- the bolometric point (black filled circle) obtained from tH&T
E, peak Plane for lowz GRBs associated with SNe, yet’it fol-measurements of May 20, 2013. The error on this point is withi
lows very well the Amati and Yonetoku correlations (see Figle Size of the symbol.
S6 in[Maselli et al. 2014). Prior to SN 2013cq only one nearby
supernova was associated with a GRB having energeticsasimil ) o
2 x 1072 erg, E peak = 82 + 3 keV;[Vanderspek et al. 2004) some similarity with SN 2010bh (see also Xu et al. 2013b) and
y Y, - . y . . . . . . e
However, the properties of the GRB 030329 were less extrelffiih SN 1998bw. In either case, this fact points to a classific
than those observed for GRB 130427A. tion of SN 2013cq as a broad line type Ic SN, as seen so far for
A striking result when comparing GRB and SN propertie@ll.GR%/XRF Slﬂ[e, and in turn to a massive, highly envelope-
(see Table 2) is that, while the values qffof the GRB span S rlpph(? prc?gel_nl or. h the findi h . ith
nearly 6 orders of magnitude-8 after correcting for collima- __This is in line with the finding that SNe associated wit
tion effects) the SNe maximum luminositiedl{y), that trace GRBS — both underluminous and highly energetic — have all
the mass of radioactiv®Ni and correlate, like the SN kinetic C0mparable luminosities and are more luminous than the two
energies, with the progenitor masses (Mazzali et al. 20ar@), Known lowz spectroscopically identified XRENe 20063 and
distributed in a narrow range-(0.5 mag) and can virtually be 2010bh [(Melandrietal. 2012). The extended host galaxy of
considered roughly constant. On the other hand, nearby XRgRE 130427ASN 20130?} is similar to the host gaIaX|e§ of
have total isotropic-equivalent energies similar to thob¢he B 100316[SN2010bh and GRB 980425\ 1998bw. The

less energetic GRBs, but their SNe have lower luminosifiés ( other ones kr_10wn at I_ow redshift are instead associated with
smaller galaxies (Starling et al. 2011). However there iapo

parent correlation between the brightness of the GRB, the-as

ciated SNe and their host galaxies (Levesque et al|2010).
5. Conclusion Owing to the limited AN of the spectra of SN 2013cq, it is

difficult to evaluate the photospheric velocity evolution okthi
The R-band light curve reported by Xu et al. (2013b, see als®N and therefore its kinetic energy. Xu et al. (2013b) estma
Perley et al. 2013) is 0.2 mag fainter than that of SN 1998bw~ 6 x 10°? erg, i.e. similar to SN 1998bw, which is plausible,
at maximum/|(Patat et al. 2001). Our analysis seems to conficansidering the similarity of spectra and bolometric lightve.
this (Fig.[2). However, the bolometric light curve (Fig. 4hd The data reported by Maselli et al. (2013b, their Fig. 2) shwv
especially the accurate HST measurement (Levan et al. 2013fvesence of a break in the afterglow light curve, which timégri-
suggest that SN 2013cq is marginally brighter than SN 1998Ipset as a jet break. If this is the case (jet collimation-ection
and significantly more luminous-(1.5 mag) than SN 2010bh. can be complex, Campana et al. 2007; Perley et al.|2013), afte
This points to the need of referring to bolometric rathemthacorrecting for the corresponding jet opening angle of at¥ut
monochromatic information in the comparison of SN physic#éhe total energy of GRB 130427A decreases txB° erg,
guantities. which is less than 1% of the kinetic energy associated wéth it

4.4. GRBs-SNe properties and correlations
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Table 3. Observations log: the first column shows the date of the obten,

At (column 2) refers to the beginning of the exposure, with eespo the GRB
trigger time, with a duratiore,, (column 3). Magnitudes (column 4) have not

been corrected for Galactic absorption along the line ohts{§gs_y = 0.02

mag, Schlegel et al. 1998; Schlafly & Finkbeiner 2011). Weuwated flux den-
sities (column 5) from absorption-corrected magnitudeloing Fukugita et

al. 1995.
Date At texp Magnitude  Flux density Ref. Seeing
(days) (min) f:dy) ()
2013 May 3 6.722 1.0 20.980.02 19.4+04 VLT-B 0.96
2013 May 6 9.723 1.0 21.370.04 129+05 VLT-B 1.18
2013 May 8 11.645 1.0 21.400.04 12505 VLT-B 0.77
2013 May 10 13.648 1.0 21.580.06 10.7+0.6 VLT-B 1.20
2013 May 11 14.648 1.0 21.630.12 10.2+1.1 VLT-B 1.57
2013 May 13  16.644 1.5 21.2440.06 9.3+t0.5 VLT-B 1.49
2013 May 14 17.748 15 21.680.04 9.7+04 VLT-B  0.80
2013 May 15 18.720 1.5 21.450.08 9.2+ 0.7 VLT-B 1.34
2013 May 19 22597 25 21.680.08 9.7+0.7 TNGg  1.25
2013 May 20 23.674 3.0 21.820.22 8.6+1.8 VLT-B 1.00
2013 May 25 28.657 1.5 22.110.19 6.6+1.2 VLT-B 1.11
2013 May 27 30.643 1.5 22.130.07 6.4+0.5 VLT-B 1.38
2013 May 28 31.647 15 22.220.04 5.9+0.2 VLT-B  0.70
2013 May29 32.637 15 22.260.07 5.7£04 VLT-B  0.96
2013 June 1 34649 15 2229.14 57+0.7 VLT-B  0.75
2013 June 2 35.649 15 22.210.06 6.0£0.3 VLT-B  0.97
2013 June 3 37649 15 2220.06 6.0+04 VLT-B  0.76
2013 June 4 38.655 15 2220.08 59+04 VLT-B  0.72
2013 June 5 39.649 15 2220.09 59+05 VLT-B  0.93
2013 June 6 40.639 25 22.390.08 6.1+0.5 VLT-B  0.81
2013June 10 44.639 1.5 22210.09 6.0+£0.5 VLT-B  0.98
2013 June 13 47.626 3.0 22.210.23 6.0+1.3 VLT-B 1.29
2013June 15 49.649 15 2224821 58+1.1 VLT-B 1.57
2013 June 16 50.671 1.5 22.2®.18 6.1+1.0 VLT-B 1.25
2013 June 17 51.670 15 22.319.22 6.1+1.2 VLT-B  0.96
2013 May 3 6.724 1.0 20.340.02 28.7£0.6 VLTV 1.16
2013 May 6 9.724 1.0 20.600.03 22.2+0.6 VLTV 1.20
2013 May 8 11.647 1.0 20.440.02 19.4+05 VLTV  0.85
2013 May 10 13.650 1.0 20.840.04 18.2+0.7 VLTV 1.37
2013 May 11 14649 1.0 20.840.03 17.8:0.4 VLTV 1.15
2013 May 13 16.646 1.5 20.990.03 16.8:0.5 VLTV 1.30
2013 May 14 17.751 1.5 20.960.06 159+0.8 VLTV  0.89
2013 May 15 18.723 15 20.990.04 15.4+0.6 VLTV 1.34
2013 May 20 23.677 3.0 20.850.13 17.7+2.2 VLTV 1.17
2013 May 25 28.657 1.5 21.850.08 14.7+1.1 VLTV 1.07
2013 May 27 30.645 15 21.180.05 13.0:0.5 VLTV 1.25
2013 May28 31.649 15 21.250.03 12.2+0.3 VLTV  0.68
2013 May29 32.639 1.5 21.250.04 12.2+04 VLTV 1.03
2013 June 1 34651 15 21.330.06 11.3+0.7 VLTV  0.76
2013 June 2 35.652 15 21.340.04 11.2+04 VLTV 1.33
2013 June 3 37651 15 21.330.03 11.3+03 VLTV  0.75
2013 June 4 38.657 1.5 21.210.03 11.6+04 VLTV 0091
2013 June 5 39.652 15 21.440.04 10.3:04 VLTV 0.80
2013 June 6 40.643 25 21.30.03 10.9+0.3 VLTV  0.86
2013June 10 44641 15 21.410.04 10504 VLTV  0.92
2013 June 13 47.628 3.0 21.48.08 9.9+0.7 VLT-V 1.62
2013 June 15 49.652 15 21.38.06 10.8:0.6 VLTV 1.62
2013June 16 50.673 15 21.50.08 9.1+0.7 VLTV  0.85
2013June 17 51660 15 21.410.08 105:0.8 VLTV  0.87
2013 April30  3.651 1.0 19.420.06 54.8:3.3 TNG+ 1.56
2013 May 4 6.726 1.0 20.070.05 30.3:+14 VLT-R 0.88
2013 May 7 9.727 1.0 20.350.03 23406 VLT-R 1.30
2013 May 8 11.649 1.0 20.380.03 22.8:0.6 VLT-R 1.03

Continue to the next page
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2013 May 10 13.652 1.0 20.470.04 21.0+0.8 VLT-R 1.40
2013 May 11 14.657 1.0 20.520.04 20.0+0.7 VLT-R 1.21
2013 May 13 16.650 1.5 20.570.03 19.1+05 VLT-R 1.12
2013 May 14 17.755 15 20.590.04 18.7+0.6 VLT-R 0.86
2013 May 15 18.726 1.5 20.500.09 20.4+1.7 VLT-R 1.34
2013 May 19 22,607 1.0 20.690.16 17.1+2.7 TNG+" 1.40
2013May 20 23.680 3.0 20.440.12 22.2+2.5 VLT-R 1.17
2013 May 25 28.660 15 20.A20.05 16.7+0.8 VLT-R 0.90
2013 May 27 30.648 15 20.840.04 15.4+0.6 VLT-R 1.22
2013 May 28 31.654 15 20.880.02 14.4+0.3 VLT-R 0.77
2013 May 29 32.757 15 20.200.03 14204 VLT-R 0.97
2013 June 1 34655 15 20.210.06 14.0+0.7 VLT-R 0.77
2013 June 2 35.656 1.5 20.90.04 13.9+0.6 VLT-R 1.18
2013 June 3 37654 15 20.88.02 14.3:t0.3 VLT-R 0.70
2013 June 4 38.660 15 20.940.03 13.6:t0.4 VLT-R 0.87
2013 June 5 39.651 1.5 20.940.03 13.6+0.3 VLT-R 0.79
2013 June 6 40.642 25 20.99.02 13.5:0.3 VLT-R 0.89
2013June 10 44640 15 21.89.04 11805 VLT-R 1.00
2013 June 13 47.627 3.0 21.€9.06 12.3+0.7 VLT-R 1.34
2013June 15 49651 15 21.#®.09 11.1+0.9 VLT-R 1.56
2013June 16 50.672 15 21.2®.07 11.7+0.8 VLT-R 1.24
2013 Junel7 51659 15 21.29.05 10.3+0.5 VLT-R 0.90
2013 April30  3.652 1.0 189%0.06 65.7+3.9 TNG{ 1.34
2013 May 3 6.727 1.0 19.460.02 43.6£0.9 VLT-I 0.91
2013 May 6 9.728 1.0 19.680.03 33.7+1.0 VLT-I 1.14
2013 May 8 11.650 1.0 19.850.03 28.8+0.8 VLT-I 0.79
2013 May 10 13.653 1.0 19.850.04 28.7+1.1 VLT-I 1.40
2013 May 11 14.658 1.0 19.850.03 28.9+0.9 VLT-I 0.73
2013 May 13 16.651 1.5 19.990.05 27.4+1.3 VLT-I 0.89
2013 May 14 17.756 15 19.880.06 28.0+1.7 VLTI 0.94
2013 May 15 18.727 15 20.670.13 24.7+2.6 VLT-I 1.34
2013 May 19 22593 1.0 20.020.16 24.6t3.6 TNGY 1.16
2013 May 20 23.681 3.0 19.830.16 29.3+4.5 VLTI 1.17
2013 May 25 28.661 1.5 19.830.03 28.0+0.9 VLT-I 0.92
2013 May 27 30.649 15 19.930.04 26.7+1.1 VLT-I 1.46
2013 May 28 31.655 15 20.670.03 23.4+0.7 VLT-I 0.86
2013 May 29 32.758 15 20.130.04 22.3+0.9 VLT-I 1.00
2013 June 1 34.656 1.5 20.x30.05 22.2+0.9 VLTI 0.71
2013 June 2 35.657 1.5 19.980.04 26.0+1.1 VLT-I 1.25
2013 June 3 37655 15 20.20.03 19.1+0.6 VLT-I 0.69
2013 June 4 38.661 1.5 20.380.04 21.2+0.8 VLT-I 0.96
2013 June 5 39.652 1.5 20.20.03 19.5+0.6 VLT-I 0.76
2013 June 6 40.643 25 20.330.08 22.2+0.7 VLT-I 0.91
2013June 10 44641 15 20.29.04 19.9+0.8 VLT-I 0.88
2013 June 13 47.628 3.0 20.2M.03 18.9+0.5 VLTI 1.34
2013June 15 49.652 15 20.23.04 18.5+0.7 VLT-I 1.49
2013 June 16 50.673 15 20.29.04 18.2+0.6 VLT-I 0.94
2013 June 17 51660 15 20.20.03 19.5+0.6 VLT-I 1.09
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