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Abstract

Aims. We provide additional observational evidence that some Tgsupernovae (SNe la) show signatures of circumsteliaraio-
tion (CSI) with hydrogen-rich material.

Methods. Early phase optical and near-infrared (NIR) light curved symectroscopy of SN 2008J obtained by@aenegie Supernova
Project are studied and compared to those of SNe 2002ic and 2005gNIBuspectrum is the first obtained for a 2002ic-like object
extending up to 2.2m. A published high-resolution spectrum is used to provigdght on the circumstellar material (CSM).
Results. SN 2008J is found to be affected byy, ~ 1.9 mag of extinction and to closely resemble SN 2002ic. Saleand color
comparison to SNe 2002ic and 2005gj suggésis < 3.1. Spectral decomposition reveals the underlying SN &orismatches a
1991T-like event and, since SN 2008J is as luminous as SN®QD5.. = —20.3 mag), we conclude that their CSI emissions are
similarly robust. The high-resolution spectrum revealsaa emission lines produced from un-shocked gas chaiaeteby a wind
velocity of ~ 50 km 7. We conclude that SN 2008J best matches an explosion of a Sidtlmteracts with its CSM.

Key words. supernovae: general — supernovae: individual: SN 2008J

1. Introduction Prieto et all 2007) and PTF11kx (Dilday etlal. 2012) have been
) ) ) n found to resemble SN 2002ic. Given the rarity of this kind of
Supernova (SN) 2002ic was the first event identified as a Bp&ansient, and the opportunity they offer to better uncdemsthe
SN interacting with hydrogen-rich circumstellar mate(@5M)  progenitors of SNe Ia, it is imperative to enlarge the observ
(Hamuy et al. 2003; Wood-Vasey etlal. 2004). Spectroscipicasional sample of 2002ic-like SNe. This letter presentsyetime
similar to the bright SN 1991T, the spectral energy distribyptical and near-infrared (NIR) observations of the 200ie
tion of SN 2002ic also exhibited prevalent narrow Balmeremisy 2008J obtained by thearnegie Supernova Project (CSP;
sion lines which are typically produced by SN-CSM interaggamyy et all 2006).
tion (CSI) in Type lin core-collapse (CC) SNe. In SN 2002ic, -
the CSI explains not only its high peak bolometric lumingsit
(Lbor = 3x10% erg s') and slow declining light curve, but 5 Spservations
also its strong, broad hydrogen, calcium, and iron featakes ~°
served at late epochis (Chugai et al. 2004). SN 2002ic-likatsv SN 2008J was discovered near the center of the SBbc galaxy
are extremely rare. To date only SN 1997cy (Germanylet 8dGC—02—-07—033 on 15.2 January 2006 UT _(Thrasher et al.
2000; Turatto et al. 2000; Hamuy etlal. 2003; Deng &t al. 2009008), and two days later was classified as a Type-la/lin SN
SN 1999EI|(Rigon et al. 2003), SN 2005gj (Aldering et al. 200€Stritzinger et al_2008). According to_Theureau et al._@)99
(via NED), the redshift of the host is = 0.0159, which cor-
* Based on observations collected at the European Orgamisatf€Sponds to a luminosity distance@ff.3 & 1.2 Mpc, when we

for Astronomical Research in the Southern Hemisphere,eQEBO adopt WMAPS cosmology and corrections for peculiar motions
Programme 080.A-0516). The CSP began photometric follow-up 4 days after discovery
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and continued over the course of 34 days. In doing so, 10 epo T ——— T ——Y
of optical and 6 epochs of NIR imaging were obtained with tr

1-m Swope telescope at Las Campanas Observatory. All ¢ -20
ence images were reduced in a standard manner following me

ods described in_Contreras et al. (2010). Photometry of the !

was computed differentially with respect to local sequesiaes. -19
Optical and NIR local sequences in the standard photomel
systems are listed in Tablé 1, and optical and NIR photom

try in the natural system of the Swope telescope is presente g
in Tabled 2 and13. Fid.]1 displays the absolute magnitude ¢ & ~
tical and NIR light curves of SN 2008J, compared to those
SNe 2002ic and 2005gj. The CSP obtained three optical sp
tra of SN 2008J, which were reduced following the method d
scribed by Hamuy et al. (2006). A high-resolution opticasp
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trum was acquired by Sternberg et al. (2011). This specteum ‘N\
used to place constraints on the nature of the CSM. A NIR spe ) Y
trum of SN 2008J was also obtained with the NTT 5 days befo . L
B-band maximum By.). This is the first published NIR spec- . ,-~- Y 3§ ."= J ;» H |
trum of a 2002ic-like object extending up to 2u#n. A log of _ ‘}~> M..‘
these spectral observations is given in Table 4 and the data ﬁ" > ““0‘

plotted in Figs[PE4.
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The spectral sequence reveals prevalent Nabsorption and a
diffuse interstellar band (DIB\6284) at the SN rest frame (see
Fig.[2, left panel inset), which are indicative of significliost _. . .
dugst extincrt)ion (Galac)tic extinction is onljty = 09062 mag, Figure 1. Abs_olute magnitude light curves of SN 2008 cor-
Schlafly & Finkbeiner 2011, via NED). Significant reddenisg i:ﬁCt?d tfolg different _amOl:jnts 32 redgentl)ngl is d|scu§[3r((ejd n
also consistent with the heavily suppressed blue-end afjikie ﬁ e;dozpr ;:Smparls?rj‘ 82'533 ened ;OS’EL! e(Arl?jag_nl ;tes| 0
cal spectrum, and with the mid-IR dust emission documer&ed? e\. 1C 1L ?muye Al ) an g)_LAlgening et al.
Fox et al. (2011). We turn to the high-resolution spectruovsh 006; [ Prieto et al._ 2007) are also plotted, assuming distanc

P— ) ; - : moduli of 37.32 mag and 37.09 mag respectively. Template op-
in Fig.[4 (top-left panel), in order to fit Gaussians to therut cal light curves of SN 19917 (Nugent et'al. 2002) are plot-

ual Nai D components. We obtain total equivalent widths (EW%?ed and scaled to match the absoluV'r: peak magnitudes

of Nal D2 = 1.87A and Na D1 = 1.47A. These measure- DSOIUTe 2
ments indicate that the absorption features are saturatethat of SN 1991T presented by Prieto el al. (2007) and Saha et al.

‘ 2001). Synthetic magnitudes from the spectral decomposti
E(B — V)nost €xceeds 0.5 mag (Turatto et al. 2003, althoug
see Poznanski etlal. 2011) f&;, = 3.1 (Cardelli et al. 1989). N 2008 (see also Figl. 3) match reasonably well the SN 1991T

The first optical and the NIR spectra are used to estiméf‘énplates'
an upper limit onE(B — V)01, through the Balmer decrement
and the comparison offto Ho and H3 ratios to theoretical ex-
pectations. This limit is?;—dependent and we note that severateals that SN 2008J strongly resembles both SNe 2002ic and
studies (e.g. Wang etlal. 2008; Folatelli et al. 2010) reagttiiat 2005gj and that its colors are similar to those of the other tw
Ry values for SNe la may differ from that of normal interstelSNe forRy = 1.5 andE(B — V), = 1.3 mag. Therefore, as-
lar dust, pointing toRy as low as 1.5. We find?(B — V),  Suming that 2002ic-like events have similar colors, we adbp
< 0.8+:0.2 mag and 1:80.3 mag forRy = 3.1 and 1.5 respec- = 1.5 andE (B — V)0 = 1.3703 mag. Here the uncertainty of
tively. —0.2 mag is obtained from the light curve comparison, which
In Fig.[ we compare the absolute magnitude light curvéeveals (for the adopteft,, = 1.5) that a color excess lower
of SN 2008J, corrected for these two different reddeningh, wthan 1.1 mag would make the and B-band peak magnitudes
those of SNe 2002ic and 2005gj. Peak apparent and absoRft®&N 2008J fainter than those of a 1991T-like event. These as
magnitudes of SN 20081 are listed in TaBle 6. SN 2008 pealastmptions yield a visual extinction ofyA= 1.93"(-50 mag.
first in theu- and B-bands, and subsequently at longer wave- The low-resolution optical spectra of SN 2008J are charac-
lengths. ForRy = 1.5 coupled withE(B — V), = 1.3 mag, terized by a red continuum with prevalentvHand H3 emis-
SN 2008J appears to be as luminous as SN 2005gj in eaclsioh lines superposed. The continuum also reveals broautésa
the passbands. Instead, forfa = 3.1 andE(B — V);ox = Which become more prominent as the SN is expanding, e.g. the
0.8 mag, peak magnitudes would be significantly brightés<(0. structures with rounded peaks-a#700, 5600 and 8704 (see
0.7 mag) in théV/ri-bands whereas the-band peak would be Fig.[2, left panel).
fainter (0.4 mag). Therefore, using the stand&gd= 3.1 would After continuum subtraction, the Balmer lines are well rep-
make SN 2008J much redder than the other SNe, even for the tgsented by the sum of two Lorentzian profiles having the
per limit E(B — V)t = 0.8 mag. Instead, a lowét, givesrise same peak wavelength (see Hg. 4, bottom-left panels). H
to colors similar to those of SNe 2002ic and 2005g;j. and H3 are characterized by a narrow, unresolved component
This is confirmed in Fid.]2 (right panel), where the last (dgv,, < 500 km s!) on top of a broader, resolved component
reddened) spectrum of SN 2008J is plotted along with similaharacterized by, ~ 1500 km s!. Lines having only nar-
phase spectra of SNe 2002ic and 2005gj. The comparison m@~, unresolved component characterize the first spectrim o
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Figure 2:(Top panel) NIR spectrum of SN 2008J at 5 days befd?g, ... The spectrum has been scaled to match NIR photometry
(colored diamonds). Paschen emission lines as well asadd Feai are visible.(Left panel) Optical spectroscopy of SN 2008J.
Each spectrum has been scaled to match optical photometyg. §nceB,,,... are reported, and horizontal dashed lines correspond
to zero flux level. Prominent Balmer lines, N®, narrow O \8446 and telluric features are labelled. In the inset wecisnigi

Hel narrow emission lines in the first spectrum. Features ateibto [Ni1] A5755 and diffuse interstellar bands5284) are also
discernible (Right panel) Spectral comparison of SN 2008J to SNe 2002ic (Hamuy| et 8i58nd 2005gj (Prieto et al. 2007) at
comparable epochs. Each spectrum has been de-reddenézhésed).

SN 2008J. In the inset of Fifll 2 we highlight the presence déf Discussion
Hel A\7065, 6678, 5876 and N A5755 features. ©\8446 is

also identified in the first spectrum shown in the left panel '?—iamuy etal. [(2003) and_Aldering etflall_(2006) interpreted
Fig2. Plotted in Fig. 4 (right panels) are 6 narrow lines fi®@ sNe 2002ic and 2005gj to be SNe la interacting with H-rich
high-resolution £-5-8 km s °) spectrum, 4 of them exhibiting csm. This was based mainly on the fact that their spectra are
P-Cygni profilesi These features suggest the presence of slowlg|| represented by the sum of two components: a smoothly
moving material surrounding the SN, and they exclude the pQgyrying continuum (produced by the CSI) and a diluted spec-
sibility that they are associated with an underlying tegion.  yym of a 1991T-like SN at comparable phase. In Fig. 3 we show
Fitting each line with a Lorentzian profile provides a measaft 5 similar decomposition for the 3 optical spectra of SN 2008J
the FWHM, which are summarized in 'I;aﬂe 5, and indicates thghere we used low-order polynomials to fit the continuum. The
the CSM has a velocity of 5215 km s™". The high resolution yoqels match the spectra reasonably well, especially thelfi
spectrum also exhibits DIBs & 6284 and 578@, having EW 462004, and the features betweer8500-5000k. However,
= 0.6A and 0.2A respectively. the rounded peak at5600A is not perfectly reproduced, al-
The broad features in the low-resolution optical spectthough a faint feature associated withi  also present at the
are identified through the comparison with SNe 2002ic arshme wavelengthin the spectrum of SN 1991T. As in SN 2005gj,
2005gj. The spectra show a dip arouwad6180A, which likely the notch characterizing the spectrum of SN 1991T at %830
originates from Sil A6355 blue-shifted by~8200 km sol. barely detected in SN 2008J. The imperfect match is not marpr
Fein \5129 is probably the line producing the dip-24990A, ing since the spectral decomposition model does not indluele
whereas Fal 4404 absorption is visible at-4290 A. coupling between CSl radiation and SN envelope, which shoul
Si \5468 and $I \5633 might cause the depression alter the spectral features of the underlying SN. As SN 2008J
~5400A. The NIR spectrum exhibits narrow, unresolved emisappears to be as luminous as SN 2005g;j (seelfig. 1), we con-
sion lines, including B, P5, P8, Bry, Hel A\10830, 20580 and clude that the emission due to the CSlI is also similar. The flux
Fell A\9997, 10501, 10863. The bright NIR hydrogen lines,(P contribution of the underlying SN to thi&-band maximum of
Bry) are also characterized by a broad component, similar to th@th SNe is~60%. Similarly to SNe 2002ic and 2005gj, if
observed for the Balmer lines. the CSM is optically thick, the interaction region shouldt no
completely cover the SN la since its broad features are evi-
dent in the spectra. We note that Benetti etlal. (2006) argued
! Ha is missing as it falls between two orders of the echelle spect  that SN 2002ic might be better explained by a Type Ic event
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like SN 2004aw|(Taubenberger et lal. 2006), which also sho
the presence of Sill, rather than by the CSM-SN la scenal 2
suggested by Hamuy etlal. (2003). However, in the recent ci
of PTF11kx, the first spectrum obtained unequivocally shaws
1991T-like SN whose spectrum was only barely affected by C -
(Dilday et al. 2012). The discovery of PTF11kx therefore-prc <
vides strong support to the interpretation of the other nensib . 0 4 4 4 4 3
of the SN 2002ic class as CSM-SNe la. g ol +3d
The narrow emission lines and P-Cygni profiles reveal tt ~
presence of un-shocked, radially expanding CSM photcegzhi @ |Apg
by CSI radiation. The CSM likely originates from winds in %” 1
the progenitor system, and it is characterized by a veloci 4
v, ~ 50 km s!. This velocity is higher than that of red 7.
supergiant (RSG) or asymptotic giant branch (AGB) wind ~
(~10 km s1), and much lower than that of Wolf-Rayet (WR) _ <
winds (up to 2000 km s!). Post-AGB stars show wind ve-
locities in the range of 100400 km s! (Kotak et al.[ 2004). 1
However, we can not exclude the possibility that the premurs
wind was accelerated by photoionization heating as notiged
Aldering et al.|(2006) for SN 2005gj. This would make the AGE
or RSG wind velocities more compatible with the measure
ones. Episodic nova events (like that suggested for PTHL11ka

can also give rise to CSM velocities of 5200 km s Figure 3: Spectral decomposition of SN 2008J. The de-reefiien
(Dilday et al: 2012). However, PTF11kx shows a complex CSNMyacira are well reproduced by the sum (red) of a smooth con-
with multiple wind velocities which we do not find in SN 2008J4j,,um (blue), powered by the CSI, and of a scaled SN 1991T
_ The broad components that we observe in bright hydroggfysjate spectrum (green). We used SN 1991T templates at the
lines are probably related to the shock region. The abswalte 556 phase (measured sifgg,..) of the spectra of SN 2008,
ues of the Balmer decrement are higher for the narrow compgrich corresponds to 17, 26 and 32 days since explosion.

nent than for the broad one, indicating that they are prodiuce

in different regions. When the CSI dominates the emissioa, t
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Figure 4:(Top-left panels) Nal D absorption features in the high resolution spectrum of 8883. Several components are present
and their peak positions are indicated by black solid lifiée features are fit with the sum of 9 Gaussian functions, ése fit is
shown in red. Velocity is plotted in the SN rest frame, as aeteed from the narrow emission line peaks in the same higblugion
spectrumBottom-left panels) Ha and H5 sequences from the low resolution spectra, shown afteoli@er polynomial continuum
subtraction. Each profile is well fit by the sum (in red) of tworéntzian components (in blue and gred€Rjght panels) Narrow
emission lines in the high-resolution spectrum of SN 20@&th line has been fit with a Lorentzian profile for the emissiod
one for the absorption when detected. The absorption coamgamshown in blue, the total best fitin red. The spectrumdsented

in velocity scale, where the zero velocity corresponds éoetimission peak position.



Table 1. Optical and near-infrared photometry of the loeglgences in the standard system

STAR  « (2000)

5 (2000)

u/

(mag)

!

g
(mag)

T/

(mag)

,l:/

(mag)

B
(mag)

1%
(mag)

Y
(mag)

J
(mag)

H K
(mag) (mag)

01 02:34:42.34
02 02:34:32.13
03 02:34:21.64
04 02:34:29.09
05 02:34:20.76
06 02:34:12.06
07 02:34:21.89
08 02:34:22.98
09 02:34:22.67
10 02:34:33.03
11 02:34:37.60
12 02:34:38.22
13 02:34:09.23
14 02:34:13.94
15 02:34:21.44
16 02:34:32.12
17 02:34:16.79
18 02:34:29.84
19 02:34:22.32
20 02:34:20.29
21 02:34:23.43
22 02:34:20.91
23 02:34:29.18
24 02:34:36.21
25 02:34:15.59
26 02:34:19.40
27 02:34:32.14
28 02:34:34.53
29 02:34:17.50
30 02:34:16.18
31 02:34:19.77
32 02:34:23.86

—10:50:57.55
—10:54:08.89
—10:53:03.59
—10:54:11.99
—10:54:10.12
—10:48:14.11
—10:49:23.30
—10:52:35.72
—10:52:19.16
—10:51:38.70
—10:51:12.64
—10:52:13.37
—10:52:55.63
—10:49:16.61
—10:47:44.38
—10:48:58.86
—10:48:28.44
—10:52:05.95
—10:52:44.90
—10:51:52.74
—10:49:01.24
—10:52:20.60
—10:51:05.65
—10:51:16.02
—10:49:28.42
—10:49:06.60
—10:51:48.89
—10:48:45.14
—10:49:57.54
—10:49:55.88
—10:47:04.88
—10:46:19.13

17.014(032)
17.948(024)
18.864(113)
17.203(033)
17.813(016)
19.563(077)
18.622(054)
20.497(135)
18.456(035)
20.776(166)
18.861(024)
20.654(160)
19.598(076)

15.323(008)
15.706(010)
16.284(010)
16.091(008)
16.282(007)
17.130(010)
17.143(012)
17.842(020)
17.529(009)
18.090(017)
17.959(009)
18.193(010)
19.070(034)
19.517(021)

14.743(007)
14.904(007)
14.999(011)
15.681(007)
15.713(007)
16.179(007)
16.583(007)
16.526(007)
17.180(007)
16.888(008)
17.576(007)
17.122(007)
18.926(027)
18.174(008)

14@18)
14@28)(
14@I3(
15@28(
15 (50
1532
16 G
15@3B)
17 @)Y
16 CBBRY(
170
160me)
18@34(
17.245(015)

15.767(014)
16.230(020)
16.974(017)
16.427(016)
16.719(016)
17.686(017)
17.572(012)
18.555(011)
17.814(016)
18.748(015)
18.300(018)
18.802(023)
19.306(064)
20.342(043)

14.979(008)
15.263(008)
15.591(010)
15.842(008)
15.952(008)
16.623(008)
16.817(008)
17.141(008)
17.317(008)
17.455(009)
17.728(008)
17.624(008)
19.001(038)

1807

19.837(020) 18.435(026) 16.847(023) 20.711(060)  19@EH(

11.387(020)
13.778(020)
13.860(017)
13.295(020)
14.885(020)

14.995(026)
15.677(017)
14.886(014)
16.456(069)
15.361(028)
16.880(024)

16.029(020)
15.148(031)
16.721(017)
17.243(056)
17.169(035)
17.283(029)
17.813(081)
17.917(063)
18.096(037)
18.238(094)
18.354(138)
18.397(085)
16.058(080)

17.694(052)
18.114(256)
17.806(049)
18.206(070)

11.180(014)
13.540(020)
13.544(014)
12.910(020)
14.667(020)

14.559(072)
15.415(014)
14.472(014)
16.270(020)
14.941(014)
16.664(020)

18.004(085)
15.635(020)
14.655(014)
16.251(014)
16.815(024)
16.920(052)
16.895(099)
17.448(090)
17.486(063)
17.647(106)
17.974(099)
18.428(100)
18.097(120)
15.608(028)

18.190(081)
17.245(079)
17.686(049)
17.604(071)
18.340(128)

9RO53)  13.884(014)

16.873(145)

16.812(276)  16.825(298)

17.518(273)

Note. — Uncertainties given in parentheses in thousandthsyagnitude correspond to an rms of the magnitudes obtaingdhotometric nights.
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Table 2. Optical photometry of SN 2008J in the natural system

JD -2, 453, 000 Phasé u (mag) g (mag) r (mag) i (mag) B (mag) V (mag)

1480.69 —7.66 15.2

1481.70 —6.65 15.2
1484.54 —3.81 16.633(009)  15.392(005)  14.994(004)  17.231(012)6.018(008)
1486.59 —1.76 18.609(057)  16.616(008)  15.333(006)  14.936(006) 22B(011)  15.972(008)
1488.56 +0.21 18.624(051)  16.582(006)  15.306(005)  14.885(005) 23M(013)  15.934(007)
1490.55 +2.20 18.824(029)  16.579(007)  15.249(005)  14.835(006) 224{009)  15.917(007)
1492.58 +4.23 18.897(042)  16.568(007)  15.210(006)  14.778(008) 234(010)  15.885(008)
1493.59 +5.24 18.845(030)  16.573(006)  15.215(007)  14.780(006) 23BK(009)  15.876(007)
1494.54 +6.19 18.918(030)  16.593(009)  15.207(006)  14.780(008) 2683(009)  15.878(007)
1497.54 +9.19 19.044(049)  16.595(007)  15.173(004)  14.746(005) 27{009)  15.849(008)
1499.55 +11.20 16.611(006)  15.177(004)  14.751(006)  17.325(00915.851(006)
1515.52 +27.17 19.578(124)  17.018(018)  15.395(005)  14.857(005) .821{017)  16.157(008)

Note. — Values in parentheses are theasurement uncertainties in millimag. Imaging was peréa with a Site3 detector attached

to the Swope.

2Days SiNCeB,, q. (JD 2454488.35).

P Unfiltered magnitudes from discovery and confirmation insa@érasher et 41, 2008).

Table 3. NIR photometry of SN 2008J in the natural system.

JD -2, 453,000 Phasé Y (mag) J (mag) H (mag) K, (mag)
1485.60 —2.75 14.090(011)  13.877(018)  13.442(024)
1491.55 +3.20 13.934(011)  13.734(020)  13.268(023) ...
1494.59 +6.24 13.844(022) 13.688(023) 13.277(034)  13.140(018)
1496.55 +8.20 13.775(031)  13.641(044) 13.286(034)  13.136(011)
1498.58 +10.23 13.840(011)  13.561(011) . .
1511.53 +23.18 13.905(043)  13.670(013)
1806.65 +318.30  16.776(024) .

Note. — Values in parentheses are neasurement uncertainties in millimag. The imaging was

performed with RetroCam attached to the Swope.

2Days SiNCeB 4z (JD 2454488.35).

Table 4. Spectroscopic observations of SN 2008J.

Date Julian Date Pha%e Telescope  Instrument Range Resolution Integration
(umn JD-2,453,000 (days) &) (FWHM A) (sec)
2008 Jan. 17 1482.57 —5.78 NTT EMMI 3200 - 10200 6-9 8300
2008 Jan. 18 1483.59 —4.76 NTT SOFI 9400 — 25000 20-30 xP100
2008 Jan. 23 1488.72 +0.37 Keck | HIRES 4110 — 8360 0.12 XB00
2008 Jan. 26 1491.57 +3.22 Du Pont B&C 3518 - 9715 8 x1400
2008 Feb. 01 1497.55 +9.20 Du Pont B&C 3510-9713 8 »3500

2Days SiNCeBmqz (JD 2454488.35).

Table 5. Parameters from the narrow emission line fit.

Line Ae FWHM
A  ms™)

H~y \4341 4340.9 624

HpB \4861 4861.8 T4

[N||] A5755 5755.0 442

Hel A\5876 5876.2 542

Hel \6678 6678.7 332

Hel A\7065

7065.8 491
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Table 6. Peak magnitudes of SN 2008J.

Filter Phasé Peak Peak Peak
(days) (apparent mag) (absolute mag) (absolute mag)
Ry =15 Ry =31
E(B - V)it =1.370%  E(B - V)i, =0.8103
u <-18 <18.59 < —19.72" %% < —19.34" 199
B 0 17.22£0.01 —20.25022 —20.24"5-%%
g +4.4 16.57-0.01 —20.38"0-79 —20.58"0-59
V. +106 15.85:0.01 —20.31052 —20.81"5-5%
r +11.5 15.1%0.01 —20.527058 —21.12H059
i +11.7 14.75:0.01 —20.34"02% —21.04"5-2%
Y  +133 13.79:0.01 —20.737015 —21.24"5-%%
J +14.6 13.59-0.02 —20.83"0-40 —21.237)-22
H  >+482 <13.27 < —21.047002 < -21.30018
K, >+82 <13.14 < —21.09"73%7 < —21.26"01L

Note. — Uncertainties in the phase av®.1 days for the optical passbands] day for the NIR. Errors
in the absolute magnitude are given by the uncertaintiefenektinction and in the distance modulus
(0.04 mag).

2Days SiNCeB 0 (JD 2454488.35).
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