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Abstract

Accurate and densely populatB¥ Rl ¢ lightcurves of supernovae SN 2011fe in M101, SN 2012aw in [sii9&% SN
2012cg in NGC 4424 are presented and discussed. The SN 2@jtitfairves span a total range of 342 days, from
17 days pre- to 325 days post-maximum. The observationstbf®id 2012aw and SN 2012cg were stopped by solar
conjunction, when the objects were still bright. The ligite for SN 2012aw covers 92 days, that of SN 2012cg
spans 44 days. Time and brightness of maxima are measuidoam the lightcurve shapes and decline rates the
absolute magnitudes are obtained, and the derived distamescompared to that of the parent galaxies. The color
evolution and the bolometric lightcurves are evaluatedoimgarison with those of other well observed supernovae,
showing no significant deviations.
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1. Introduction rate BVR:Ic photometric measurements of SN 2011fe,
covering 342 days, augmented by similar photometry
Most supernovae are discovered at cosmological dis- Of other two recent and bright supernovae, SN 2012aw
tances. Rarely do they become as bright as SN 2011fe,(type 1IP) and SN 2012cg (type la), whose monitoring
a type la supernova that recently erupted in M101 and Was stopped by solar conjunction while they were still
peaked at B9.9. In recent times, particularly bright su-  in their early decline stages.
pernovae were SN 1937c (a type lain IC 4182, peaking It is known (eg. Suntz et al. 1988, Clocchi-
at B=8.7; Schaefer 1996), SN 1972e (type la in NGC atti et al. 2011) that time dependenffdrences in the
5253, peaking at 88.6; Branch et al. 1983), SN 1993j lightcurves of supernovae obtained byfelient authors
(type Il in M81, reaching B10.8; Lewis et al. 1994), are the results of slightly fferent local realizations
and of course SN 1987a (a type Il in LMC, peaking at of the standard photometric passbands combined with
B=4.6; Hamuy et al. 1988). Such bright SNe are subject the profoundly non-stellar character of supernova spec-
to "all-out” observing campaigns, and the great amount tra (dominated by time-variable strong absorption and
of data collected over a wide range of wavelengths make emission). An enhancing feature of our seB®fRclc
them critical tests for models. The quest for the ulti- photometric measurements is that they have been inde-
mate set of observational data on well observed super-pendently and in parallel obtained with severdiatient
novae may go on for years or decades after the event,telescopes equipped withffiirent CCD cameras and
with increasingly finer and more sophisticated compar- BV R:lc filter sets, all adopting the same accurate pho-
isons, homogenization, re-calibration, and merging of tometric sequences calibrated by Henden et al. (2012)
independent sets of data (Clocchiatti et al. 2011 have on equatorial Landolt (1983, 1992) standards. Combin-
only recently obtained what they termed the "ultimate” ing data from diferent telescopes into a single, merged,
lightcurve of SN 1998bw, a key supernova that together densely populated lightcurvefectively improves upon
with SN 2003dh provided the first solid evidence of the the disturbing #ects of diferences in the local real-
connection between supernovae and Long-Soft gamma-izations of a common photometric systenffeoing a
ray bursts). merged lightcurve which should be a closer match to
The aim of this paper is to present our rich set of accu- thetrue lightcurve than any local realization.
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Figure 1: A spectrum of SN 2012cg with overplotted the meabure
transmission profiles of mar§ andV filters from diferent manufac-
tures (from Munari and Moretti 2012). Red curves refer to commo t
filters made with sandwiches of colored glasses, blue cuo/esitti- 10+
layer dielectric filters. The dlierent amount of transmitted absorption r
and emission features is evident (expecially on the red wing fil-

ter passband), which account for the unavoidabfierinces in the
photometry obtained with fierent telescopes even if a given SN is 12 -
measured against the same identical photometric sequence. r
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2. Observations L =N

BV R:Ic photometry of the three program supernovae 16 -
was obtained with several robotic, remotely or manually I coi, ]
controlled telescopes operated by ANS Collaboration. L
Technical details of this network of telescopes running I ) B ¢t
since 2005, their operational procedures and sample re- ey oo a0 ]
sults are presented by Munari et al., (2012). Detailed ANS 130 +0.00025 5835 1
analysis of the photometric performances and measure- K35 +0.05 +0.00020 5840 1
ments of the actual transmission profiles for all the pho-
tometric filter sets in use is presented by Munari and
Moretti (2012). f

Additional BV R:Ic measurements of SN 2011fe and wroe %,
SN 2012aw were obtained at the Astrokolkhoz Observa- , ' &%‘%&
tory in New Mexico with K35, a 35cm remotely oper-
ated telescope which houses a set of AstroBUHR:Ic ter i, ]
multi-layer dielectric filters. '

All measurements were carried out with aperture Ty Ty ST
photometry, the long focal length of the telescopes and JD (~2450000)
the smoothness of galaxy background around the three
supernovae not requiring the use of PSF-fitting. Figure 2: Example of the lightcurve merging method (LMM) de-

Al photometric measurements of SN 20L1fe and SN ¢10%2 ) St or, Thee Jlures e e st
2012aw were carefully tied to the loc&8lVR:Ic se- (magnitudes) of the reference ligthcurve (plotted in rddigdle: our
guences calibrated by Henden et al. (2012) against Lan-sourcev-band observations for SN 2011fe, wherffefient colors and
dolt (1983, 1992) equatorial standards. A similar se- ﬁghmttgg'ns/eidoefnsti’f\lyZfleﬁ:;te;;ﬁizﬁg:‘zbm; tf;]lggf}:/eefr?m?g?
quence was eStab“She_d around SN 2012(;9_ an_d adoPte e LMM shift and pivot stretching method. The orange line@ame
by all ANS Collaboration telescopes monitoring this in both the middle and bottom panels) is a spline fit to therged
supernova. The adopted transformation equations be-lightcurvemag()i j (cf. Eq.(3)).
tween local realizations (small letters) and the standard

system (capital letter) take the usual form:

+~

H
o
T
O —6—orotaag
ﬂﬂ
e
o (o] +

V mag
jul




1.22m telescope of the University of Padova, operating
at 2.31 Apix over the 3300-8100 A range. These fil-

B = b+apx(b-Vv)+y ters come from dferent manufacturers and are of both
V = vrayx(V-i)+w the multi-layer dielectric type (profiles plotted in blue)
_ o and the classical sandwich of colored glasses (profiles
Re = frarx v _I) iR plotted in red), typically built according to the standard
le = T+aix(V-i)+» @) recipe of Bessell (1990). Some of the profiles shown
B-V = Box(b-V)+dpy in Figure 1 are for brand-new filters, others for filters
V-Rc = Bux(V=r)+dy in long use at the telescopes and showing clear aging
Vole = Bux(V=i)+du effects (see Munari and Moretti 2012 for a detailed dis-
cussion).

The lightcurves of the same supernova obtained with
different telescopes will therefore showfsets among
them, and theseftsets will be time-dependent follow-

wherea, B, y, 6 are constants describing the instanta-
neous realization of the standard system. Their values,

range of variability, and dependence upon filters, detec-

tors, telescope, and atmosphere for ANS telescopes ardnd the sp.ectr_al evqutiop of the supernova. An example
discussed in Munari and Moretti (2012). is shown in Figure 2 (middle panel), where d/iband

d data on SN 2011fe from fierent telescopes are com-
as the quadratic sum of the Poissonian error on the su-Pared. Which of these lightcurve is the correct one ?

pernova and the formal error on the transformation from 11€re IS nca priori argument to prefer one or another,
the local to the standard system) for the data collected all of them refgrrmg to the same ph.otometrlc callpranon
on the three supermnovae is 0.011 mag Bor0.007 in sequence, using the same extraction softwaresog

V, 0.010 inRe, 0.016 inl¢, and 0.010 mag foB — V, from similar and very low fgrmal errors:
0.011inV — Re, and 0.018 iV — I¢.. Colors and band The closest representation of ttree lightcurve ap-

magnitudes are obtained separately during the reductionP€@'S o be a proper combination of all these individual
process, and are not derived one from the other. lightcurves, éectively averaging over ferent observ-
ing conditions and instrumentation. To combine them

into a merged lightcurve, we assume that all individ-
3. Thelightcurve merging method (LM M) ual lightcurves from dferent telescopes are exactly the
same one,féected only by anfiiset in the ordinate zero-
The spectra of supernovae are dominated by broadpoint and a linear stretch of the ordinates around a pivot
emission and absorption features and are completely point:
different from the black-body like spectra of normal
field stars used in transforming the local photometry to mag;(1) = mag;(1) +0;(2) + (2)
the standard system. Local realizations of the photomet- + ¢j() x [t j(2) - tj ()]
ric system include dierent atmospheric and filter trans-
mission, detector sensitivityfieciency of the optics. On ~ Where mag; (1) is thei-th magnitude value in thépho-
normal stars (like those making the photometric com- tometric band from thg-th telescope, mag(4) is the
parison sequence) all thesfeets are collectively cor- ~ corresponding value in the merged lightcurdg) is
rected for by the transformation Eq. (1), provided that the amount of zero-point shift arg() is coeficient of
the local realization is sficiently close to the standard  the linear stretching around thi(1) pivot point. The
system (i.ew, are close to 0.0, ang}, close to 1.0). The stretch is therefore a linear function of timdfdrence
spectra of supernovae, strongly dominated by broad andWith the reference (1) epoch.
intense absorptions and emissions, are completely dif- The optimal values fof;(1), ¢;(1) andt;(1) are de-
ferent from the black-body like spectra of normal field rived by ay? minimization of the diference between
stars, and the Eq.(1) transformations can only partially the observed points and those defining the merged
compensate for the fierences between the local and the lightcurve:
standard systems. )
The situation is illustrated in Figure 1, where the mea- 2 _ [maqi]. (4) — mag; ()]
sured transmission profiles for tieandV band filters xs Z Z [&,;(D]?
in use with ANS Collaboration telescopes are overplot- .
ted with a flux-calibrated spectrum of SN 2012cg which where j sums over the dlierent telescopes,over the
was obtained on 2012 June 16.875 UT with the Asiago individual measurements of each telescope, an@)

3

The median value of the total error budget (define

3)



Table 1: Our merge®V R:Ic photometry for SN 2011fe (the table is Table 2: Our merge®V R:Ic photometry for SN 2012cg.
published in its entirety in the electronic edition of Newtsmomy.
A portion is shown here for guidance regarding its form ancteot).

SN JD B 14 Rc Ic tel.
(-2450000)

SN JD B v Re Ic tel.
(-2450000) 2012cg  6072.3727 13.035 12.893 12.711 12.582 ANS 157
2012cg  6072.3967 12.852 12.492  ANS 11
2012cg  6073.4303 12.849 12.636 12.480 12.392 ANS 157
2011fe  5844.2325 12,635 11.362 10.989 10.677 ANS 11 2012cg  6074.3370 12,761 12.539 12.344 12.320 ANS 11
2011fe 58445647 12575 11476 11061 10740 K 35 2012cg  6076.3644 12.485 12310 12.097 12.073 ANS 157
2011fe  5845.5631 12.669 11.547 11.109 10.774 K35 2012cg  6078.3677 12298 12.146 11.929 11.951 ANS 157
2011fe  5846.2354 12.717 11.504 11.104 10.768 ANS 11 2012cg  6080.3689 12.223 12.026 11.890 11.859 ANS 157
2011fe  5846.2861 12.758 11.515 11.144 10.747 ANS 130 2012cg  6084.3318 12184 11.975 11.801 11855 ANS 11
201ife 58482954 12.817 11644 11277 10.923 ANS 11 2012cg  6084.3666 12.219 11.954 11.821 12.051 ANS 157
2011fe 5850.2832 12,976 11.758 11.424 11.040 ANS 130 2012cg  6086.3389  12.234  12.079 12.032 ANS 11
2011fe  5852.2221 12.953 11.865 11.513 11.202 ANS 11 2012cg  6088.3801  12.347 12.066 11.878 ANS 157
2011fe 58522358 12.058 11897 11560 11978 ANS 61 2012cg  6090.3679 12.492 12141 11.994 12.232 ANS 157
2011fe 58522830 13.091 11857 11528 11173 ANS 130 2012cg  6093.3861 12.787 12300 12.179 12.189 ANS 11
2011fe 58532192 13.105 11914 11591 11980 ANS 11 2012cg  6094.3368 12.860 12.327 12.170 12.576 ANS 11
2011fe  5853.2676 13.105 11.920 11.603 11.247 ANS 130 2012cg  6094.4045  12.826 12.319 ANS 157
2012cg  6095.3845 12.921 12.371 12.578 ANS 11

2012cg  6096.3720 13.046 12.454 12.322 12.522 ANS 157
2012cg  6097.3697 13.127 12.533 12.405 12.418 ANS 157

2012cg  6098.3503  13.261 12.524 12.740 ANS 11
2012cg  6100.3713  13.467 12.640 12.541 12.498 ANS 157
2012cg 6101.3818  13.583 12.745 12.460 ANS 11
2012cg  6105.3752 13.939 12.854 12.554 12.374 ANS 157
2012cg 6113.3878  14.577 13.258 ANS 157
2012cg 6116.3744 14.637 13.424 ANS 157

is the total error budget of each measurement. The ef-
fect of shifting and stretching around a pivot point the
ordinate values of a given lightcurve is illustrated in the
top panel of Figure 2. The application of the method to
the actual data we obtained for the three supernovae isTable 3: Our merge8VRcIc photometry for SN 2012aw (the table is
illustrated in the middle and bottom panels of Figure 2, gusgigendiénsﬁzﬁztxz LgrtgiiZfﬁég’g‘;:r‘éiit:]%”it‘;ff’;‘r?n“”m‘;rgg'
using theV-band observations of SN 2011fe as an ex- '
ample. The reduction of the dispersion around a com-

mon lightcurve is evident when comparing the middle ~ *" (»24‘;]3000) b Voo fle e tel

and bottom panels of Figure 2. The @@gents for the

other bands, colors, instruments and supernovae consid- , ' o cu o Y0 ST e ANS 61

ered in this paper are similarly small. 2012aw  6009.3514 13.498 13.387 13.186 13.091 ANS 157
2012aw  6009.4240 13449 13.342 13.193 13.078 ANS 130

Not|ce that the LMM method to construct a merged 2012aw  6009.4519 13.481 13.366 13.186 13.126 ANS 11
. . . . . 2012aw  6009.7358 13.525 13.364 13.204 13.096 K 35
lightcurve from observations obtained withfferent 2012aw  6010.3456 13.492 13343 13.169 13.050 ANS 157
telescopegioes not stretchthe resulting lightcurve in 2012aw  6010.3598 13.508 13.333 13.176 13.068 ANS 61
. . 2012aw  6010.4744 13.456 13.325 13.162 13.047 ANS 61
flux (Compare how the orange Ilne' the Same. curve In 2012aw  6010.5456 13.475 13.329 13.162 13.036 ANS 130
both panels, goes through the data in the middle and 2012aw 6010.7187 13.476 13.342 13.178 13.057 K35
bottom panels of Figure 2), nor time (the method acts
only on the individual magnitude values, not the as-
sociated time tag). Therefore, the LMM method does
not interfere with the application of popular time- and
bnghtness-s?retchmg methods used to estlmate th_e ab-4 Results
solute magnitude of a supernova by comparison with a

sample of template ligthcurves (see below). 4.1. SN 2011fe

Our mergedBV R:Icphotometry for the three pro- The type la SN 2011fe was discovered in M101 at
gram supernovae is listed in Tables 1,2 and 3, and pre-g=17.35 on 2011 Aug 24.164 UT by the Palomar Tran-
sented in the Figures 3, 5, 6 and 7. All tegether, we sient Factory (Nugent et al. 2011a), orl§1 hours af-
present 23V R:Ic data sets for SN 2011fe, 108 for ter it exploded (on Aug 23.71, Nugent et al. 2011b).
SN 2012aw, and 27 for SN 2012cg. From archival HST images, Li et al. (2011) excluded a
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Figure 3: BVR:Ic light- and color-curve of SN 2011fe from our data in Table liff@ent colors and symbols identify the telescopes used to
monitor the supernova. The curves are spline fits to the daterdio guide the eye.

luminous red giant as a companion star to the progeni- tected in the CCD era, SN 2011fe will undoubtedly be-
tor of SN 2011fe, a conclusion supported by sensitive come the best observed thermonuclear supernova, well
X-ray and radio non detection during early evolution into its nebular stage, and a stringent test for theoretical
(Horesh et al. 2012, Chomiuk et al. 2012). Analysis of models.

early-time optical spectra was reported by Parrent et al.
(2012), ultraviolet data from Swift satellite by Brown et 5, 2911 August 25.891, less than a day after the an-
al. (2012), and polarization of optical light by Smith et ;5 ,ncement of discovery was posted by Nugent et al.
al. (2012). Being the first close type la supernova de- (2011a). We have obtained 236 independBWiR:|c

5

We began our photometric monitoring of SN 2011fe
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Figure 4: Bolometric lightcurves of SN 2011fe and SN 2012dgtdmed by summing the reddening corrected flux in tHeV R:Ic bands)
compared to those of well observed objects from Contardo.e{2000). TheU data are obtained from observ&lvalues and adding the

parametrized) —B color evolution from Nobili and Googar (2008).

runs, the last on 2012 August 1.404 UT, covering 342
days. We began when the SN was still 4.4 mag below
maximum, and continued until it declined by 7.2 mag
below it. Table 4 lists the time and brightness of the op-
tical maximum from our observations, both as observe
and as corrected for theg_y,=0.025:0.003 reddening
found by Patat et al. (2011) tafact SN 2011fe. In
correcting for the reddening we have adopted a stan-
dardRy=3.1 reddening law (Fitzpatrick 1999) and the
reddening relations of Fiorucci and Munari (2003) ap-
propriate for the observed colors.

Our epochs and magnitudes at maximum brightness
are somewhat dierent from those listed by Richmond
and Smith (2012), who presentd&V R-Ic photome-
try covering the first 180 days of SN 2011fe evolution.
The diferences are probably due to the preliminary
AAVSO comparison sequence that they used, based
on only three stars, of similar colors and much red-
der B-V=+0.63,+0.68,+0.84) than the supernova at
maximum brightnessB-V=-0.08). This forced Rich-
mond and Smith to adopt the valuesa@f, ay, ar, «;
in the transformation equations Eq.(1) above from unre-
lated observations of a single Landolt (1992) field, and
use the three AAVSO stars around SN 2011fe only to
constrain the zeropoints, vy, yr, v; in the same equa-
tions. Appreciably closer to our Table 4 are the values
obtained by Tammann and Reindl (2011) from analysis

6

d s

Table 4: Time and brightness of SN 2011fe at maximum. The fourth
column gives the decline in magnitude 15 days past maximum. The
last two columns list the brightness at maximum and the distance
modulus corrected foEg_y=0.025 reddening, adopting the stan-
dardRy=3.1 exctinction law and Prieto et al. (2006) calibrations of
mags.

maximum Ep_yv=0.025
band UT mag Amys (mag)o (m-M),
(-2450000)

primary mazimum
B 5815.29 9.893 1.108 9.785  29.11
A% 5816.00 9.976  0.695 9.895  29.38
Re 5817.05 9.928 0.753 9.863  29.30
Ic 5812.59 10.168  0.602  10.123  29.33

secondary mazimum
Ic 5840.26 10.624 10.579

of photometry collected by AAVSO members, covering
the first 75 days of SN 2011fe lightcurve.

The absolute magnitude of type la supernovae is re-
lated to the shape of their lightcurves, with Phillips
(1993) noting how the intrinsic brightness is inversely
proportional to the speed of decline. The most used
calibrations of the relation between absolute brightness



and rate of decline are probably theys, MLCS and

stretch methods. Thems method is based on the mag-
nitude diference between maximum light and 15 days
past it (Hamuy et al. 1996, Phillips et al. 1999). The
MLCS method (Riess et al. 1996, 1998) fits the ob-
served lightcurve to a set of template lightcurves built

from a set of well observed and calibrated supernovae.
The stretch method (Permutter et al. 1997; Goldhaber et .

-05

V-Ic

0.5

—05F

al. 2001) derives the decline speed and therefore the ab-% ,,|
solute magnitude by stretching the scale on the time axis
of the lightcurve to fit a reference lightcurve. Prieto et

al. (2006) presented a new technique that is a combina-

tion of theAm;s and MLCS methods. Their calibration
of the absolute magnitude at maximum takes the form:

(4)

whereA=B,V,Rc,Ic. Our determination oAmys in the
B,V,Rc,Ic bands is given in Table 4, together with the
resulting distances to SN 2011fe.

The distance derived frotims in theV,Rc,lc bands
are tightly grouped around the mean valkie (m —
M), >=29.34:0.02, which is very close to then(—
M),=29.39:0.04 distance to M101 derived by Tam-

M,(max = a; + by(Ams — 1.1)

0.0}
>
M 05

10

1 n
5800

L 1 L
5820
JD (-2450000)

Figure 5: Comparison of the color evolution of SN 2011fe whté pa-
rameterized color evolution of Nobili and Goobar (2008),repietted
as acurve.

mann and Reindl| (2011) from HST observations of stars mag and occurred 28.0 days |ater, both values being

at the tip of the RGB by Sakai et al. (2004) and Rizzi
et al. (2007). The distance obtained fraxms in the

B band is significantly less, by 0.23 mag, but close to
the distancert — M),=29.05:0.13 that Shappee and
Stanek (2011) derived for M101 from HST observations

of Cepheid variables. We will see in the next paragraph,

that a similar situation exists with SN 2012cg, where the
Prieto et al. (2006) relations fof,Rc,Ic provide com-
parable distances, while in thH& band the distance is

well within the range observed for type la supernovae
(eg. Leibundgut 2000).

The bolometric curve of SN 2011fe is presented in
Figure 4, where it is compared to the bolometric evo-
lution of a sample of well observed type la supernovae
compiled by Contardo et al. (2000). All the bolometric
lightcurves in Figure 4 are obtained by adding the flux
observed in th& BVR:Ic bands, which is a close ap-

less by 0.22 mag. This suggests a possible revision of Proximation of thetrue bolometric lightcurve (obtained

zero-points of Prieto et al. (2006) for tiBeband:

Mg(max)= —19.550+ 0.636% (AB;5— 1.1) (5)
for theEg_y < 0.06 low reddening case, and
Mg(max)= -19.511+ 0.753x (ABi5— 1.1)  (6)

for theEg_y >0.06 case. At least for SN 2011fe and SN
2012cg, adding-0.225 mag to the zero-points would
bring the distance derived fror8 band into agree-
ment with those obtained from thé,Rc,Ic bands. It

integrating the flux over the whole wavelength range),
given the evidence that about 80% of the bolometric lu-
minosity of a typical SN la is emitted over the optical
range (Suntz€1996). We did not observe SN 2011fe in
theU band, but obtained it from ou8-band data and the
U-B average color evolution of type la supernovae as
given by Nobili and Goobar (2008). This is a safe pro-
cedure becaudd band is a marginal contributor to the
optical flux, and SN 2011fe followed the typicB}V,
V-Rc andV-I¢ color evolution of type la supernovae
(see Figure 5). The shape of the bolometric lightcurve

is worth noticing that both these supernovae are close nicely follows the progression with absolute magnitude

to ABy5=1.1, so changing the slope instead of the zero-

presented by Contardo et al. (2000). The maximum

points would not cure the systematic shift between the of the bolometric luminosity is reached 8.2 days past

distance irB and that derived in th¥,R¢,|c bands. The

the beginning of eruption as determined by Nugent et al.

absolute magnitude of SN 2011fe corresponding to the (2011b), close to the 18.@8.24 days found by Gane-

(m—- M),=29.34 distance modulus Mg=-19.55. The
secondary maximum in thieg band was fainter by 0.46

7

shalingam et al. (2011) as the mean value for spectro-
scopically normal type la supernovae.



Table 5: Time and brightness of SN 2012cg maximum. The fourth 1L N ]
column gives the decline in magnitude 15 days past maximum. The H o o
last two columns list the brightness at maximum and the distance [ o . ot . . i
modulus corrected foEg_y=0.18 reddening, adopting the standard L ¢ o0 o 4y 0OF Ie =08 ]
Ry=3.1 exctinction law and Prieto et al. (2006) calibrations of 12 |- ) ° O e, TR * .
L o i
AMags. T PAD e S N e Re — 0.2 1
o & © oy 1
$ ¢ o
maximum Ep_yv=0.18 13 r P e, N
band UT mag Amis  (mag), (m-M), I ° 00+ © ov 1
(-2450000) L Y ]
F +
B 6083.0 12176 1.039 11399  30.73 lar + ANS 011 . ]
\% 6083.4 11.979 0.569 11.391 31.02 8 o ANS 157 B+ 02 |
Re 6083.8 11.813 0.652  11.347 30.92 r - 1
Ic 6081.5  11.884 0.625 11.543  30.92 15[ SN 2012cg o]
Bl
6070 6080 6090 6100 6110

JD (—2450000)

4.2. SN 2012cg
. ) Figure 6:BVR:Ic lightcurve of SN 2012cg from our data in Table 2.
SN 2012cg was discovered in NGC 4424 on 2012 Different colors and symbols identify the telescopes used to oronit

May 17.22 UT by Kandrashbet al. (2012) during the supernova. The curves are spline fits to the data drawnitie g
the Lick Observatory Supernova Search (LOSS), and e &ve-
soon spectroscopically identified as a type la supernova
caught well before optical maximum. An X-ray ob- peaks at a luminosity close to that of SN 2011fe on
servation with Swift obtained 1.5 days after the dis- June 4.75, but the rising and declining time are slower
covery failed to detect emission from the supernova than those of SN 2011fe. Silverman et al. (2012) mod-
(Margutti and Soderberg 2012). Post-discovery inspec- eled the early rise in magnitude of SN 2012cg following
tion of MASTER-Kislovodsk images of NGC 4424 ob- the usual expanding fireball approach, and by extrapo-
tained on May 15.790, reveals the supernova was atlation estimated that the supernova explosion occoured
that time already present at a magnitudie (Lipunov on May 15.70.02. Our bolometric lightcurve reaches
2012). its maximum 20.0 days later.

We began our observations of SN 2012cg on May
24.873 UT, 9 days beforB maximum, and continued 4.3. SN 2012aw
them for 44 days. We obtained a total of BV Rclc SN 2012aw was discovered by P. Fagotti on Mar
measurement data sets. 16.86 UT on images of M95 taken at his private ob-

The time and brightness of SN 2012cg at maximum servatory when it was &c~15 (CBET 3054), and was
are given in Table 5. ThB-band maximum corresponds classified from spectra as a type IIP supernova by Itoh
to June 4.5 UT. Marion et al. (2012) similarly found the et al. (2012) and Siviero et al. (2012). We began our ob-
maximum to have occurred around June 4. The indica- servations on Mar 17.91 UT, a week before maximum
tion by Silverman et al. (2012) of B-band maximum was reached in thB band, and continued them for 91
occurring on June 240.75 cannot be easily reconciled days, collecting 108V R:Ic measurement data sets.
with our observations. Freedman et al. (2001) obtained from observation of

The Amys decline rates of SN 2012cg in Table 5 Cepheids a distance to the parent M95 galaxy of (m-
are somewhat slower than those of SN 2011fe, sug- M),=30.0~0.1. While the Milky Way reddening to-
gesting an intrinsically brighter target. By correcting ward M95 is low Eg_y=0.028, Schegel et al. 1998),
for a Eg_y=0.18 reddening (as suggested by Marion et the amount local to SN 2012aw seems to be relevant.
al. 2012, and Silverman et al. 2012), we obtain from Fraser et al. (2012) identified on archival HST and
VRc:lc a distance modulus of (AM),=30.95. This is ground-based images the supernova progenitor as a star
quite close to the (mM),=30.91 obtained for NGC  of V~26.7, appearing red in color andfiring from a
4424 from the Tully-Fisher relation by Cortes et al. large extinction Eg-y>0.8), whereas the SN itself does
(2008). The corresponding absolute magnitude for SN not appear to be significantly extinguished, a fact that
2012cg would beMg=—19.55, the same as found above Fraser et al. interpret as evidence for the destruction
for SN 2011fe, in spite of the slower decline rates. The of pre-existing, circumstellar dust during the SN ex-
bolometric lightcurve of SN 2012cg plotted in Figure 4 plosion. This conclusion is shared by van Dyk et al.
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Figure 7: BVR:Ic light- and color-curve of SN 2012aw from our data in Table 3ffé@ent colors and symbols identify the telescopes used to
monitor the supernova. The curves are spline fits to the datardio guide the eye.

(2012) that found the progenitor to be a red-supergiant tions, as typical for type 1IP supernovae.
of Mpoi=—8.3, being extinguished b ~3.1 mag. The maximum inV band was reached a=13.321

Our photometry shows a long lasting, flat maximum ©Nn Mar 27.2 UT, and t_he mean decline rate _from then
in VRcle bands, distinctive of type 1IP supernovae, o the end of our monitoring (82 days Iate.r) is Q.OQSO
which is expected to last about a hundred days (Doggett Mad day*. Over the period of our observations in Fig-
and Branch 1985), i.e. longer than our monitoring pe- Ure 7, theRe lightcurve is best describe dist (within
riod. The maximum in thd® band was reached on Mar +0.02 mag of ) once the initial rise was completed,
24.1 UT atB=13.487, providing an absolute magnitude and thelc as showing a minimal curvature indicative
of Mg=-16.4 (correcting for the Milky Way redden- Of & ill-defined, broad maximum around May 24, two
ing but not for any residual reddening from dust local Months past theé8-band maximum. A similar delay
to the SN). ThesE,, decline parameter, as defined by N the lc maximum and the flat appearance of Re
Patat et al. (1994), is 2.67, right in the middle of their lightcurve dur.mg the initial hundred days was observed
distribution for type IIP supernovae, ag,, is 0.63. by Elmhamdi et al. (2003) for supernova type IIP
The rate of decline at the center of the decline branch 1999em in NGC 1637.
before the inflection point waaB=0.035 mag day*, Our lightcurve of SN 2012aw does not show a bright-
and AB=0.015 mag day at the center of the plateau nessspike around B-band maximum as reported by
phase. At the time oB maximum, the observed col- Elmhamdi et al. (2003) for the type IIP supernova
ors of SN 2012aw wer8-V=+0.146,V-R:=+0.174, 1999em brightness, and by Ruitz-Lapuente et al. (1990)
V-1c=+0.290. They monotonically evolved toward for type IIP supernova 1988a. These spikes in the earli-
redder colors during the time covered by our observa- est portion of the recorded lightcurve were attributed to
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the supernova ejecta slamming onto circumstellar ma- Margutti R., Soderberg A., 2012, ATel, 4118, 1

terial originated by mass loss from the progenitor dur-

ing the immediate pre-supernova phase. The reality of m

Marion G. H., et al., 2012, ATel, 4159, 1
unari U., et al., 2012, BaltA, 21, 13
unari U., Moretti S., 2012, BaltA, 21, 22

these spikes is however dubious, given the discussion inngpili S., Goobar A., 2008, A&A, 487, 19

sect.3 about the fferences between local realizations
of a common photometric system. The lightcurve of

1999em around maximum brightness was compiled by

Elmhamdi et al. assembling few data points frofeti

ent telescopes, mostly contributing a single observation.

Similarly, the lightcurve of SN 1988a was compiled by
Ruitz-Lapuente et al. from visual estimates byfet-

Nugent P., Sullivan M., Bersier D., Howell D. A., Thomas Rmés
P., 2011a, ATel, 3581, 1

Nugent P. E., et al., 2011b, Natur, 480, 344

atat F., Barbon R., Cappellaro E., Turatto M., 1994, A&A, ZB2L

Patat F., et al., 2011, arXiv, arXiv:1112.0247

ParrentJ. T., et al., 2012, ApJ, 752, L26

Perlmutter S., etal., 1997, ApJ, 483, 565

Phillips M. M., 1993, ApJ, 413, L105

Phillips M. M., Lira P., Suntzg N. B., Schommer R. A., Hamuy M.,

ent observers, each one contributing only sparse data, Maza J., 1999, AJ, 118, 1766
and the reality of the supposed spike resting entirely on Prieto J. L., Rest A, SuntfieN. B., 2006, ApJ, 647, 501

only two visual estimates, that come from a single ob-

Richmond M. W., Smith H. A., 2012, arXiv, arXiv:1203.4013
Riess A. G., Press W. H., Kirshner R. P., 1996, ApJ, 473, 88

server that did not provide other data on this supernova gicss A G. etal.. 1998. AJ 116, 1009
and whose consistency with the other observers there-RizziL., Tully R. B., Makarov D., Makarova L., Dolphin A. ESakai

fore cannot be tested.
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