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Photometry of SN 2002bo with template image subtraction
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Abstract. VRI photometry of the type la supernova 2002bo is presented. This SN exploded in a dusty region of the host
galaxy NGC 3190, thus, subtraction of a template frame was necessary to obtain reliable photometry. We used a template
frame of NGC 3190 taken during the course of our galaxy imaging project, fortunately, just a few days before SN 2002bo
was discovered. The aim of this project is to collect template frames of nearby galaxies that are potential hosts of bright SNe.
Subtraction of pre-SN images helped us to exclude the background light contamination of the host galaxy. The maximum
occurred at JD 2452 346, with maximélbrightness of 1358. MLCS analysis led td,(B) = JD 2 452 346l + 0.8 (fiducial B-
maximum),E(B-V),= 024+ 0702, uo = 3246+0.06,A = —0.14+0.04. E(B-V) = 0"24(2) indicates a significant extinction

in the host galaxy as the galactic reddening is negligible toward NGC 3190. The accepted vaindioates that SN 2002bo

was a slightly overluminous SN by aboltX relative to fiducial SN type la. The distance turned out to bé 8B Mpc. In

addition, the heavily obscured SN 2002cv was also detected on the | frame taken on JD 2452 434 (June 8, 2002), and a variable
star is found in the field, very close to the host galaxy.
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1. Introduction The possible underluminosity is confirmed by Chornock
) . et al. (2002) from unusually strong Si Il (585 nm) absorption.
The bright supernova SN 2002bo in NGC 3190 (belongyith the Shane 3-m reflector they measured an expansion ve-

ing to the Leo Il group LGG 194) was spectroscopicallicity of about 16 000 km< from the Si Il (635.5 nm) line on
discovered by Kawakita et al. (2002) with GAO 0.65 telgyarch 11.0 UT.

scope on March 9.6 UT. A low resolution spectrum (ranged The host galaxy NGC 3190 (a type SA(s)a LINER) has an
T ) o O e 1 e STt magnue 1931 coededfor gt s
. ) tion. Its radial velocity in the optical band4s1271+ 14 kms?,
ity was measured as 19 000 knsAnother spectrum (range ich corresponds to a kinematical distance modylus:
400-780 nm, resolution 2.5 nm) obtained on March 10.04 dﬁ{glm:%l assumingo = 65 km s Mpc-L. TheD,s diameter is
mlth tr;(as_ﬁl\ls,ggSo 1§§;gle3c0ﬁ$, shlow_(-id strong P(;(nygnISprlf_-B arcseceys ellipticity is 0.58 with position angle 125. The 3-
les of Si an nm. The velocity measured from S imensional central velocity dispersiorvig = 169+ 11 kms?

absorption was 17 700 km’s(Benetti et al. 2002). No object . ! L
brighter than 19.5 was found at the position of the SN on Cczigcordmg totéraudeau & Simien (1998). SN 2002bo appeared

B : on the edge of a dust lane in NGC 3190 (Fig. 1), and reached a
frames collected on Mar. 4.0 UT 48fieczky & Bebesi 2002). maximum visual brightness of about™8by mid March 2002.

Matheson et al. (2002) reported an expansion velocity of Distance modulus to NGC 3190 is not concordant in the lit-

1
e o . By aatre. Accorting o Maudeau & Smien (1990) e .
probably higher reddening caused by the interstellar matter iﬁ?! distance modulus_ o = 31T31 (Ho = 75 kms™ I_\/Ipc*l), .
side NGC 3190. The galactic reddening toward NGC 3190vivshlle based on the Virgocentric-fall corrected radial velocity,
: van Driel et al. (2001) gives only 17 Mpc distanpg,= 3115

only E(B — V) = 0025, according to Schlegel et al. (1998) Ho = 65 kmstMpcl). However, the average radial ve-
Several titanium absorption lines in the spectrum (reported o¥:ity of the Leo IlI groﬁp is abou,t 1400 kmk thus, the
Matheson et al. 2002) suggested that this may be asublumin&%?ance to its members may be more than discuss;ad above.

event similar to SN 1999by. Based on the Tully-Fisher relation, de Vaucouleurs (1991)
givesute = 31M61. Most recently, the surface brightness fluc-
Send gfprint requests toGy. M. Szalw, e-mail:szgy@ncse . hu tuation method led to a significantly higher distance modulus of
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Table 1. GSC-numbers, magnitudes and colors of local standards.

D.

Star GSC number V V-R R-1

1425 496 12.28(4) 0.29(3) 0.26(8)
1425 42 13.57(4) 0.45(3) 0.50(2)
1425 713 15.31(4) 0.70(3) 0.60(3)
1425 629 14.27(4) 0.44(3) 0.45(2)
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summation of errors in individual measurements and the trans-
formation codicient errors. Star C (GSC 1425 35) varies (sus-
pected eclipsing variable), so it was rejected from the compar-
ison set.
A « SN 2002bo appeared close to the center of the host galaxy
NGC 3190, so the brightness contribution of NGC 3190 must
.' be taken into account in the reduction. The dust lane of this
edge-on spiral also passes near the position of the supernova
_ ) _ _ ~causing a quite inhomogeneous background. In similar cases,
F|g_. 1. SN 2002bo in NGC 3190 with the comparison stars and fielfa opserver usually has to wait at least a year after the explo-
variable C. sion, when the fireball diminishes enough to allow imaging the

background brightness contribution of the host galaxy.
usgr = 32"38+ 015, indicating 30 Mpc distance to NGC 3190

(Tonry et al. 2001). ]
2.1. Subtraction of the template

2. Observations and data reduction In order to get acceptable photometry, the subtraction of a tem-

) plate image of NGC 3190 was necessary. Fortunately, this im-

sites. Six points before light maximum and a post-maximuga|axy imaging project. The aim of this image subtraction was
observation in June were measured with the¢96080 5 smooth out the background of the SN, so that the scraggy
Schmidt-telescope of Konkoly Observatory equipped with Qrface of NGC 3190 does not disturb the reduction. For the
Photometrics AT200 CCD (D0 scale, RDN= 14, Vinkb etal. proper subtraction, SN- and template images must have the
2003). This telescope was also used for our host-galaxy imagme geometry, and the same flux scale above the zeroed back

ing project which aims at collectingV RlIframes of the closest ground. Thus, the template and SN frames were registered and
galaxies to be used as templates for photometry of future Slﬁéscaled before the template subtraction.

Most of the points were measured using the 28 cm Schmidt- The geometrical transformations of the template frames
Cassegrain telescope of Szeged Observatory equipped withgfsisted of a stretch and a rotation, so higher-order distortions
SBIG ST7E CCD. This 765510 camera gives'D/pixel reso-  c5ysed by the image curvature were neglected. We used the
lution, the pixels are rectangular. Despite the unfavorable 10¢gi e xaminegask in IRAF to make accurate astrometry of the
tion of this telescope (in the very center of the city of Szegedymparison stars and the SN. The linear geometrical transfor-
V, Randl observations could be made with satisfactory aCCiyations were calculated by tpeotranandimarith tasks. The
racy using integrated expositions of 1020 min images. All fiyed point of the transformations was the supernova itself, so
the observations between JD 2452 350 and JD 2452 389 Wkither-order geometrical distortions were almost negligible in
made with this equipment. the close surroundings.

The transformation equations for Szeged Observatory and pg 5 second step, the backgrounds were zeroed on each im-
Konkoly Observatory, respectively, were applied as follows. 546 The subtracted sky values were measured manually on the

V =0-021(8) (V-R) + v individual images. Fluxes of comparison stars were calculated
(V—R) =083(2) (- 1) + ky_r by imexamineThe intensities of the SN image were rescaled

) so that the total fluxes (the summarized ADU values) of com-
(V—1)=0.88(9) (v—1i) + ky-i parison stars A, B, D, E were the same as on the template frame.
V =v+0.093)- (V-R) +«y It should be noted that the filter characteristics on Konkoly
(V-R) = 0.98(4) (0 - 1) + kv_r and Szeged sites are quitéfdrent. One could therefore think

that the subtraction of the nominally adequate images could
result in considerable residuals, as the two filters are centered

Local standards were measured at Konkoly Observatory ol slightly diferent bands. Fortunatelly, even in this case the
June 8th using standard fields PG 1688 and PG 1323-086 subtraction ffers much better circumstances for reduction, as
of Landolt (1992). Magnitudes and errors accepted for com: |RAF is distributed by NOAO which is operated by the

parison stars are presented in Table 1 (see Fig. 1 for the degigsociation of Universities for Research in Astronomy (AURA) Inc.
nations of the stars). Uncertainties are computed by quadraticier cooperative agreement with the National Science Foundation.

(V =1) = 1.13(2) (v i) + &v_1.
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the overall spectrum of the host galaxy (disk region) is quite
smooth. After rescaling the fluxes of the SN image, we sim
ply subtract “something similar” to the host galaxy bthout
the SN. Perfect subtraction should therefore result in a clee
image where nothing but the supernova is visible. Its flux is
scaled onto the template system, but this does not distort tt
photometry.

After the template subtraction the host galaxy together witt
the foreground stars should vanish completely. In practice
however, the PSF slightly varies from image to image, causin
varying structures and weights of the profile veils. Therefore
the PSF of the observed image was measured near the SN, ¢
the template image was blurred with a Gaussian in order t
have approximately the same PSF as the SN frames.

The result is presented in Fig. 2 where the observed an
the residual images are compared. Fainter stars have vanist
completely, though the higher-order component of the veils o
the brighter stars remained on the frame. Though the gala>
is not perfectly subtracted, the background around the SN i

much smoother and it could be removed much better duriEgg 2 Ob & Randl | £ SN 2002b 16th March (left
the photometry. ig. 2. Observedv/, Randl images o 0 on 16th March (le

The final step was the application of a standard apertLPraenel)' and the residual images after template subtraction (right panel).

hotometry. The flux of the comparison stars were measur.
En the obs)(;rved frames after eorr)netric transformations andfiaact‘-)Ie 2. Observation time (JD-2450000) and standard photometry
9 oPSN 2002bo. Telescope codes: A780'180 cm Schmidt, Konkoly

tensity scaling, but before template subtraction. The SN w Bs., B: 28 cm Schmidt-Cassegrain, Szeged Obs. The errors in paren-

measured after the subtraction. Nominal errors of the relatiyRqes refer to the accuracy of the relative photometry: see text for the
photometry were calculated BRAF, analysing the scatter of systematic errors in ierent bands.

the background near the SN and the detected flux of the SN
itself.

917

Time Tel. V R I

The random errors of the ftierential photometry were es- 2344285 A 15.729(0.02) 15.47(0.02) 15.70(0.02)
timated asr? | = 03 + 02 + 0%, Whereoy, is the error of the 2345257 A 15.320(0.02) 15.02(0.02) 15.18(0.02)
photometry caused by the photon noisg,is caused by the  2350.350 B 13.945(0.03) 13.67(0.04) -
color-dependent part of the transformations (Ag.(V — R) + 2365.354 B 13.757(0.03) 13.62(0.04) 13.96(0.04)
A(V = R) - €)), andor, is the error caused by the template sub- ;ggzgig g ij-?gi(g-gg) 12-82(8-82) L4 10(0.08
traction, namely the resultant inhomogeneities in the residual2380'308 B 14'46920'06; 14'09E0'09; 14'0220'09;
background, typically 2—6%, depending on the quality of the 2381:323 B 14:557(0:06) 14:22(0:10) 14:13(0211)
observed imagés 2388.311 B  14.967(0.07) 14.51(0.11) 14.27(0.13)

Systematic errors of the standard photometry come from 5396 313 B 15.314(0.09) 15.07(0.11) -
the measurement of the local standard stars. Those were estb434406 A  16.405(0.05) 16.26(0.07) 16.19(0.11)

mated asry = 0M04,0r = 0.03, 0 = 0.04. These systematic
errors do not influence the shape of the light curve orAhe
andT parameters in the MLCS-modelling. However, they aomputed simultaneously for all light curves (see \drét al.
present the distance modulus and the extinction. Therefore 21 for the description of the fitting method). THW&I light
addedrsys ~ 0104 to the fit errors ofip andE(B - V). curves of the SN with the resulted MLCS model curves are
presented in Fig. 3. The two earliest points before the maxi-
mum could not be fitted (although they are presented in Fig. 3),
because the fiducial curves do not cover the early ascending
The calibrated standard magnitudes of SN 2002bo are listethiganch before-10 days. The last point measured in tHeand
Table 2. The estimated errors of each point are given in parggems to be too bright. This point was, however, included in the
theses. Th& Rl light curves were analyzed by the Multi-Colofitted dataset, as the individuaimages are of a good quality.
Light Curve Shape (MLCS) methods of Riess et al. (1996, The residuals of the fitting are shown in Fig. 4. All points

1998). could be fitted within:0.2 mag, the overall standard deviation
The timescale of the observations was divided byAd= is, = gn115.

10042 to remove thefECt Of t|me d||at|0n The f|tt|ng was The minimum Oﬁ{z was found at the fo“owing parameters_
2 In our experience, the residual sky never exceeds 5% of the vall@B) = JD 2452 3461+0.8 (fiducial B-maximum)E(B-V) =
of the originally observed sky. So we estimateg(%) ~ Skroos 024+ 002,10 = 3246+ 0.06,A = —0.14+ 0.04. The given

where SKY and FLUX refer to the sky value inside the aperture ag@nfidence intervals correspond to 1-dimensiopatests of
the measured brightness of the SN, respectively. each individual parameter with a significance level of 90%.

3. Results
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SN 2002bo GSC 1425 35
T T T T T 14.7 T T T T T T T T T
E(B-V)=0.24
12 | Ho=32.46 _ 14.8 - n u .
| | ’ [
A=-0.14 o n [
3 149 F =m .
13 T=346.1 - =
%D 15 | -
[ ] = L
14 V-1.5 -
® 15.1 -
'5 [}
';:‘0 - 15.2 I 1 ] 1 1 1 1 1 1
g 340 350 360 370 380 390 400 410 420 430 440

4 JD-2452000
Fig. 5. V-band light curve of variable star €GSC 1425 35.

The MLCS analysis resulted in a new distance modulus

1 1 1 1 1 to the host galaxyuy = 3246 + 0.06 mag (adoptingly =

340 360 380 400 420 440 460  -1946 for the fiducial SN curve). The real error pf is
ID-2452000 probably increased by the errors of local standard magnitudes.

Therefore, we suggegt = 3246+0.10 assuming that absolute

magnitudes of local standards are measured more accurately

Fig. 3. Observed/, Randl light curves of SN 2002bo with the calcu-
lated MLCS light curve fit.

than 0'08.
SN 2002bo - Residuals Comparing the resulting color excess to the reddening due
03 T T T I T I I T to Milky Way dust E(B — V) =0"025 mag, Schlegel et al.

1998), it can be seen that the host galaxy ISM highly reddens

0.2 ) 41 SN 2002bo. This result is concordant with the spectroscopic
[ results detailed in Sect. 1. AdoptifgB — V) = 07'24 mag, the
g 01 . 1 total absorption iV, Randl bands isA, = 0"77, Az = 0762,
£ A = 0743 using the reddening law given by Schlegel et al.
5 0 T (1998).
3 #
= -0.1 ~

3.1. Variable star in the NGC 3190 field

03 L L L | | | | | While selecting the appropriate comparison star§ecéntial
360 370 380 390 400 410 420 430 440  Magnitudes of the candidates (A, B, C, D, E stars in Fig. 1)
ID-2452000 were calculated. All stars showed constqnt light curves, but
star C (GSC 1425 35) seemed to vary. This star was excluded
Fig. 4. Fitting residuals of the MLCS method. Symbols are the sanftom the comparison star set, and its light variation was mea-
as in Fig. 3. sured with respect to stars A, B, D and E.

The undersampled-light curve (Fig. 5) of star C shows at

The parameten suggests a slight overluminous SN. It ideast '35 mag variation with a narrow primary minimum at
an interesting result, because early spectroscopy suggestedh@ut JD 2452 379 and probable secondary minimum at about
possible underluminous supernova (from the ratio of depthsdi 2 452 356+ 6. The general appearance suggests an eclips-
the 5850 and 6355 A Si Il lines, see Sect. 1). On the other haimd variable. The continuous variation might be dugtoyrae
underluminosity would result in a precipitous decline rate. kype, but a longer period may result in an Algol type light
our photometry, decline rates were found to be about norneakve with considerable reflectiorffect. Its color indexes on
or slightly steep, especially for the well-fittd&landR curves. JD 2434.406 UT wer&/ — R = 0"52(3),R -1 = 0"'47(2),
The contradiction that early spectroscopy indicated an undenivhich are not typical for Algol variables. However, based on
minous explosion, but later the photometry has shown a nornfialv selected data points, no firm conclusions can be drawn ei-
supernova, is an interesting subject for later studies. ther on the variability type or the light curve characteristics.
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The MLCS method assumes that the standard Galactic red-
dening law is valid in the SN host galaxy as well. It is worth
noting that the observedRI light curves could be fitted
quite well when most of the reddening is due to the ISM in
the host galaxy. This supports the reliability of the assump-

SN 2002cv
I

S tion made above.
1 3. The light curve analysis indicated that SN 2002bo was a
SN A002he slightly overluminous SN by about"@4 relative to fidu-

cial SN type la. This is supported by the shape and the
decline rate of the light curves, but is in contradiction
with early spectroscopic data, where stronger Si Il absorp-
Fig.6. | filtered observation of SN 2002bo and SN 2002cv on tion features may have indicated a slightly subluminous
8th June. explosion.

4. The distance of SN 2002bo inferred from the MLCS

method was found to be 31+ 3 Mpc. This distance is

3.2. Detection of SN 2002cv about 50% higher than early dynamical and Tully-Fisher
distances, but agrees fairly well with the most recent SBF
determinations. These findings are concordant with earlier
results that SBF and SN la distances both support the long
extragalactic distance scale (de Vaucouleurs 1983; Ajhar
et al. 2001).

The heavily obscured supernova SN 2002cv was discovered by
Di Paola et al. (2003) on the 13th May. This is probably the
most reddened supernova ever observedAjtsabsorption is

78 + 1M0.

We also detected this object on JD 2452 434 (June 8, 2002),
about 19 days after its maximum (Fig. 6). Despite the un-
favourable sky conditions and high airmass, it is visible in the
|-filtered image, taken with a total exposure time of 5 mirficknowledgementsThis work has been supported by the Hungarian
The template subtraction allowed us to measure its brightndd§KA Grants T034615 and FKFP Grant 002001. The kind hos-
which turned out to be T2 + 0"3. This value is in a very good pitality of the Konkoly Observatory and their provision of telescope

aggreement with the light curve taken by Di Paola et al. (200#5?6 is gratefully acknowledged. We thank our referee T. Matheson

As far as we know, we have measured the last photometric pomthIS mindful reading and suggestions.

before the conjunction. Examining tReaindV images, no firm
evidence for the presence of SN 2002cv is found because of the
high reddening. References
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