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Abstra
t. We present BV RI photometri
 observations and low-resolution spe
tra of the

Supernova SN2011dh in M51 galaxy obtained at the NAO Rozhen. Its light 
urve was 
lassi-

�ed as SN II-L type with a peak absolute magnitude of MV = −17.18m . The most prominent

HeI 5876 feature of the spe
tra at the beginning of August 2011 was 
onsiderably (4 � 5 times)

deeper and broader than the Hα line while they were almost the same a month earlier. The

expansion velo
ities of all spe
tral features in August were smaller by 1550 � 2950 km/s

than those a month earlier. The mean di�eren
e between the expansion velo
ities of Hα
and HeI 5876 in August was around 3640 km/s. The disappearing of the Hα line and the

strengthening of the HeI features visible on the NAO Rozhen spe
tra provided additional,

sure 
on�rmations that the Supernova SN2011dh is a new member of the rare SN IIb family.
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Introdu
tion

All types of Supernovae (SNe) are important for modern astrophysi
s due to

their role in our understanding of the stellar evolution and gala
ti
 nu
leo-

synthesis.

Supernovae are 
lassi�ed a

ording to the absorption lines that appear in

their spe
tra. If a SN spe
trum 
ontains a line of hydrogen it is 
lassi�ed type

II; otherwise it is type I.

The se
ond important di�eren
e between the two main SN types is that

the peaks of absolute magnitudes of type II Supernovae are dimmer than those

of type I. Moreover, they vary 
onsiderably from one to another, while those

of SN I are almost equal.

The third di�eren
e between the two main SN types is the average de-


ay rate of the light 
urves: that of SN II is mu
h lower than that of type I

Supernovae.

It is widely assumed that a type II Supernova results from the rapid 
ollapse

and violent explosion of a massive star (9 � 50 M⊙).

The SN II stars are sub-divided into two 
lasses, depending on the shape

of their light 
urves. The light 
urve for a type II-L supernova shows a steady

(linear) de
line following the peak brightness. The light 
urve of a type II-P

supernova has a distin
tive �at stret
h (plateau) during the de
line. The light


urves of type II-L supernovae are explained by the expulsion of most of the

hydrogen envelope of the progenitor star while the plateau phase in type II-

P supernovae is attributed to the 
hange in the opa
ity of the exterior layer

due to ionization of the hydrogen in the outer envelope by the sho
k wave.

This prevents photons from the inner parts of the explosion from es
aping

until the hydrogen 
ools su�
iently to re
ombine and the outer layer be
omes

transparent.

Additionally, Ensman & Woosley (1987) introdu
ed IIb 
lass whi
h early-

time spe
tra show prominent, high-velo
ity H lines, de
reasing with time and
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disappearing 
ompletely about two months after the explosion. In the same

period He I lines be
ome the most prominent spe
tral features, i.e. in the late

nebular phases their spe
tra more 
losely resembles a type Ib supernova. It was

assumed that su
h a hybrid spe
tros
opi
 behavior of SNe, 
ombining spe
tral

features of both type II and type Ib spe
tra is a result of the explosion of a

He 
ore of an originally massive star, whi
h had retained a residual (though

marginal) H envelope at the time of explosion. As the eje
ta of a type IIb

expands, the hydrogen layer qui
kly be
omes more transparent and reveals the

deeper layers.

A progenitor star for type IIb SNe has been suggested to be a massive star

whi
h has lost most of its hydrogen envelope during its evolution, either by a

strong wind or by a transfer to a binary 
ompanion (Filippenko et al. 1993;

Filippenko 1997; Nomoto et al. 1993; Woosley et al. 1994).

The sizes of the hydrogen envelopes of SNe IIb are suggested to be diverse

(Chevalier & Soderberg 2010), spanning from the �extended� progenitors of the

red supergiant dimension surrounded by a dense wind (�eIIb� sub
lass) to the

�
ompa
t� progenitors of the Wolf-Rayet star with a lower density, probably

fast, wind (�
IIb� sub
lass). The H envelope mass dividing these 
ategories is

∼ 0.1M⊙. Compa
t progenitors give rise to fast sho
k waves and modulated

radio light 
urves of SN 
IIb while extended progenitors are 
hara
terized by

slower sho
k waves and smoother radio 
urves of SN eIIb.

The goal of our BV RI photometri
 and low-dispersion spe
tral observa-

tions of SN2011dh was to provide additional empiri
al data about its sub-


lassi�
ation.

1. The target SN2011dh

SN2011dh was dis
overed in images taken on May 31.893 (UT) by A. Riou

(2011) in Fran
e. Several hours later, the Palomar Transient Fa
tory (PTF,

Law et al. 2011) 
ollaboration dete
ted the Supernova in images taken by the

Palomar 48-in
h Os
hin S
hmidt Teles
ope (P48) at a magnitude of mg=13.15

(Ar
avi et al. 2011a).

PTF11eon/SN2011dh exploded in M51 (NGC 5194), a very nearby intera-


ting spiral galaxy Whirlpool. The SN position is o�set 126
′′
East and 91

′′

Sought from the nu
leus of M51, along a prominent spiral arm.

The UBV RI photometry of Tsvetkov et al. (2012) exhibited that the light


urves of SN2011dh are similar to those of SNIIb 2008ax but the initial �ash

is stronger and shorter, and there are humps in U and B on the onset of the

linear de
line.

The 
on�rmation spe
trum by Silverman et al. (2011) showed a relatively

blue 
ontinuum and well-developed P-Cygni pro�les in the Balmer lines with

the Hα absorption minimum blueshifted by 17600 km/s. Ar
avi et al. (2011b)


lassi�ed SN2011dh as type II. They suspe
ted its SN IIb nature before sure

identifying of He features.

The target was dete
ted early with the X-ray teles
opes on Swift and

on Chandra (Margutti & Soderberg 2011, Soderberg et al. 2012), ultraviolet-

opti
al teles
ope on Swift (Kasliwal & Ofek 2011), Combined Array for Re-

sear
h in Millimeter-wave Astronomy (Horesh et al. 2011a) and Expanded

Very Large Array (Horesh et al. 2011b). Marti-Vidal et al. (2011) reported on
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the VLBI dete
tion of SN2011dh at 22 GHz whi
h observations took pla
e 14

days after the dis
overy of the Supernova, thus resulting in a VLBI image of

the youngest radio-loud Supernova ever. This image revealed a very 
ompa
t

sour
e.

Using pre-explosion images from the HST ar
hive Maund et al. (2011) and

Van Dyk et al. (2011) derived that the pre-SN sour
e is a yellow supergiant

(YSG) star with a radius R ≈ 270R⊙ and without any 
lear eviden
e of a


ompanion star 
ontributing to the observed energy distribution.

At present there is a 
ontroversy in the literature about the a
tual proge-

nitor size of SN 2011dh. On one hand, some authors suggested that the explo-

ding star should be 
ompa
t (Ar
avi et al. 2011b, Soderberg et al. 2012, Sz
zy-

gie et al. 2012) based on: the 
omparison between the early light 
urve of SN

2011dh and SN 1993J; the dis
repan
y between the temperature derived from

an early-time spe
trum and that predi
ted for an extended progenitor; the

large sho
k velo
ity derived from radio observations.

On the other hand, the hydrodynami
al modelling (Bersten et al. 2012,

Benvenuto et al. 2012) indi
ates that the observations of SN 2011dh are 
ompa-

tible with a helium star progenitor of a mass near 4M⊙ surrounded by a thin

hydrogen-ri
h envelope (≈ 0.1M⊙) with a radius of ∼ 200R⊙. Su
h large radius

is needed to reprodu
e the early light 
urve of SN 2011dh without 
ontradi
ting

the temperatures derived from the spe
tra.

Moreover, there were 
onsiderations suggesting that the progenitor of SN

2011dh should be a 
omponent of a binary system. However, a re
ent work

by Georgy (2012) proposed that single YSG stars are plausible progenitors of

SN 2011dh. Its latest images (Ergon et al. 2013, Van Dyk 2013) 
on�rm this


on
lusion.

2. Observations at NAO Rozhen

We 
arried out observations of SN 2011dh with the three teles
opes of the

National Astronomi
al Observatory (NAO) Rozhen in 2011. The CCD photo-

metri
 observations by using standard Bessell BV RI �lters 
over totally 43

nights. Most of them (34 nights) were made by the 60-
m Cassegrain teles
ope

using the FLI PL09000 CCD 
amera (3056 × 3056 pixels, 12 µm/pixel, �eld
of 27.0 × 27.0 ar
min with fo
al redu
er). The observations with the 50/70-
m

S
hmidt teles
ope equipped with the CCD 
amera FLI PL16803 (4096 × 4096

pixels, 9 µm/pixel, �eld of 1.2 × 1.2 degree) 
over 12 nights. SN2011dh was

observed simultaneously by the two teles
opes in three nights.

The standard idl pro
edures (adapted from daophot) were used for re-

du
tion of the photometri
 data. The transition from instrumental system to

standard photometri
 system is made by the standard stars 2, 4, 6, 9, and 10

used by Pastorello et al. (2009) for SN2005
s. Table 1 
ontains the Rozhen

photometri
 data. Ea
h point is an average value of 3 � 4 photometri
 observa-

tions per night. All data are 
orre
ted for interstellar absorption and reddening

appropriate to the SN2011dh dire
tion (data from NASA/IPAC Extra-gala
ti


Database

3

and S
hla�y & Finkbeiner 2011).

3

http://ned.ipa
.
alte
h.edu/
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Six low-dispersion spe
tra of the target were obtained in August and Sep-

tember 2011 by the 2-m RCC teles
ope equipped with the CCD 
amera Vers-

Array 512 (512 × 512 pixels, 24 µm/pixel) and fo
al redu
er FoReRo-2 using

a grism with 300 lines/mm. The spe
tral resolution of these spe
tra was about

10.4

�

A(FWHM of two pixels) and they 
over the range 5100 � 7700

�

A. The

spe
tra were helio
entri
 
orre
ted and shifted to the rest frame of M51 using

465 km/s (Fal
o et al. 1999).

3. Analysis of the observations

3.1. Photometri
 data

In order to obtain pre
ise parameters des
ribing the light 
urve morphology we

added to our BV RI data those of Tsvetkov et al. (2012), Ar
avi et al. (2011b),
Vinko et al. (2012), and Marion et al. (2013). To unify the data we redu
ed

additionally the observations of Tsvetkov et al. (2012), Ar
avi et al. (2011b),

and Vinko et al. (2012) for interstellar extin
tion a

ording to the pro
edure

used by Marion et al. (2013). Figure 1 presents the 
omposite BV RI light


urves of SN2011dh. They are of SN II-L type and 
onsist of rapid de
line

after the light maximum and the late mu
h slower de
line.

Fig. 1. Composite light 
urve of SN2011dh: 
rosses present our observations; points show

all previous published observations (see the text). The verti
al shifts of the R and I light


urves are made for a better visibility.



SN2011dh: a new member of the rare SN IIb-subtype family 65

Table 1. Rozhen photometry of SN2011dh

Julian Day B errB V errV R errR I errI Teles
ope

[mag℄ [mag℄ [mag℄ [mag℄ [mag℄ [mag℄ [mag℄ [mag℄

2455717.488 14.970 0.011 14.461 0.019 14.132 0.003 14.146 0.010 60-
m

2455717.508 14.990 0.029 14.461 0.004 14.122 0.006 14.106 0.011 60-
m

2455718.433 14.700 0.008 14.141 0.006 13.822 0.009 13.846 0.004 60-
m

2455718.450 14.690 0.025 14.151 0.008 13.812 0.003 - - 60-
m

2455727.380 13.360 0.017 12.661 0.021 12.402 0.005 12.376 0.003 60-
m

2455727.403 13.340 0.030 12.661 0.008 12.412 0.010 12.376 0.009 60-
m

2455727.420 13.310 0.015 12.651 0.011 12.402 0.009 12.366 0.005 50/70-
m

2455728.450 13.310 0.008 12.591 0.007 12.342 0.011 12.306 0.002 50/70-
m

2455735.325 13.240 0.030 12.451 0.017 12.122 0.006 12.006 0.009 60-
m

2455736.320 13.350 0.011 12.501 0.005 12.142 0.002 12.006 0.008 60-
m

2455737.320 13.470 0.011 12.561 0.004 12.182 0.002 12.016 0.004 60-
m

2455739.388 13.750 0.013 12.741 0.015 12.292 0.003 12.086 0.003 60-
m

2455740.333 13.890 0.006 12.841 0.004 12.352 0.002 12.136 0.002 60-
m

2455751.320 14.920 0.015 13.671 0.009 12.952 0.003 12.566 0.006 60-
m

2455752.320 14.970 0.016 13.711 0.009 12.992 0.004 12.596 0.005 60-
m

2455753.320 15.010 0.019 13.751 0.006 13.032 0.002 12.626 0.003 60-
m

2455754.320 15.050 0.017 13.801 0.006 13.072 0.006 12.656 0.009 60-
m

2455754.353 - - 13.791 0.009 13.082 0.005 12.676 0.014 50/70-
m

2455754.350 - - 13.791 0.012 - - - - 50/70-
m

2455755.345 15.090 0.005 13.851 0.010 13.112 0.006 12.696 0.006 60-
m

2455756.335 15.100 0.020 13.871 0.013 13.142 0.012 12.726 0.004 60-
m

2455757.345 15.150 0.026 13.941 0.027 13.202 0.009 12.766 0.002 60-
m

2455757.353 - - 13.921 0.023 13.192 0.012 12.756 0.004 50/70-
m

2455758.323 15.150 0.011 13.961 0.008 13.222 0.006 12.786 0.006 60-
m

2455759.353 15.170 0.006 13.961 0.008 13.252 0.002 12.806 0.002 60-
m

2455760.360 15.210 0.010 14.011 0.009 13.282 0.002 12.846 0.002 60-
m

2455761.378 15.230 0.021 14.031 0.015 13.302 0.002 12.866 0.003 60-
m

2455763.353 15.260 0.005 14.081 0.008 13.362 0.009 12.906 0.007 60-
m

2455765.348 15.300 0.026 14.131 0.014 13.412 0.002 12.956 0.003 60-
m

2455767.335 15.310 0.025 14.161 0.004 13.462 0.003 12.996 0.002 60-
m

2455768.330 15.330 0.016 14.181 0.005 13.482 0.004 13.026 0.004 60-
m

2455769.345 15.340 0.028 14.191 0.014 13.492 0.002 13.036 0.005 60-
m

2455770.378 15.350 0.019 14.201 0.013 13.512 0.002 13.046 0.002 60-
m

2455777.305 15.420 0.032 14.331 0.006 13.672 0.005 13.186 0.005 60-
m

2455780.338 15.440 0.030 14.401 0.004 13.732 0.013 13.256 0.005 60-
m

2455785.330 15.460 0.028 14.481 0.011 13.822 0.003 13.336 0.002 60-
m

2455788.283 15.550 0.007 14.531 0.010 13.922 0.023 13.406 0.007 50/70-
m

2455789.298 15.610 0.031 14.531 0.017 13.922 0.006 13.406 0.002 60-
m

2455792.293 15.580 0.016 14.601 0.004 13.982 0.011 13.466 0.004 60-
m

2455800.300 15.670 0.025 14.721 0.013 14.162 0.015 13.606 0.016 60-
m

2455801.290 15.620 0.031 14.771 0.018 14.162 0.008 13.656 0.018 60-
m

2455802.265 15.720 0.029 14.801 0.020 14.202 0.009 13.656 0.015 60-
m

2455813.253 15.810 0.028 14.981 0.012 14.462 0.006 13.886 0.017 50/70-
m

2455813.260 15.820 0.029 - - - - - - 50/70-
m

2455814.283 15.810 0.024 15.001 0.030 14.492 0.021 13.876 0.015 50/70-
m

2455815.255 15.880 0.023 15.021 0.011 14.502 0.006 13.926 0.012 50/70-
m

2455816.253 15.880 0.030 15.041 0.028 14.512 0.018 13.936 0.011 50/70-
m

2455816.265 15.880 0.033 - - - - 13.936 0.006 50/70-
m

2455818.240 15.890 0.019 15.061 0.009 14.572 0.009 13.996 0.008 50/70-
m

2455820.233 15.930 0.029 15.111 0.006 14.602 0.004 14.026 0.010 50/70-
m

2455822.240 - - 15.141 0.029 14.622 0.030 14.066 0.011 60-
m

2455822.260 - - - - 14.642 0.013 14.056 0.008 60-
m

2455827.268 16.050 0.035 15.261 0.030 14.772 0.009 14.186 0.005 50/70-
m
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Table 2 summarizes the light 
urve 
hara
teristi
s of SN2011dh: time JDmax

of the maximum light at di�erent 
olors; time JDK and magnitudes mK of the

K-point (the transition between the rapid light de
line after the maximum

and the slower, almost linear, de
line); BVRI apparent magnitudes at the

maximum light mmax; BV RI magnitudes mT in the �rst "T" days after the

maximum light; BV RI light de
reasing

∆m

∆t
during the fast and slow de
line.

These parameters were determined by �tting the di�erent parts of the 
om-

posite light 
urves with polynomials.

Table 2. Light 
urve parameters

Parameter B V R I

JDmax-2455700 [days℄ 32.69 33.56 34.55 35.43

JDK -2455700 [days℄ 49.70 51.50 54.70 54.85

mmax [mag℄ 13.16 12.44 12.12 12.00

m10 [mag℄ 14.25 13.15 12.62 12.37

mK [mag℄ 14.87 13.66 13.09 12.68

m100 [mag℄ 16.12 15.39 14.91 14.33

∆m

∆t
(fast) [mag/day℄ 0.100 0.068 0.048 0.035

∆m

∆t
(slow) [mag/day℄ 0.015 0.021 0.023 0.020

Mmax [mag℄ -16.46 -17.18 -17.50 -17.62

The analysis of all thel photometri
 data led to the following results.

(a) The times of the photometri
 maxima of SN2011dh at di�erent bands

(Table 2) revealed that they o

ur later (up to 3 days) for the longer wave-

lengths.

(b) The light de
line during the fast phase is biggest in B �lter and de
reases

to the longer wavelengths (up to 3 times in I �lter)

(
) The light de
line during the slow phase is the biggest in R �lter and

de
reases to the shorter wavelengths (up to 1.5 times in B �lter).

(d) The K-point is best de�ned in B �lter and o

urs around 17 days after

the B light maximum.

(e) Using the re
ent distan
e value of 8.4 Mp
 (Vin
o et al. 2012) and the

values of mmax (Table 2) we obtained the absolute magnitudes Mmax of

SN2011dh at di�erent bands (last raw of Table 2). The obtained values

support the 
on
lusion that the most SNe II-L have a peak absolute magni-

tude around 2.5 mag fainter than SNe Ia (Young & Bran
h 1989, Gaskell

1992).

(f) The shapes of the 
olor 
urves B−V and V −R (Fig. 2) are similar. They

show that SN2011dh qui
kly reddens until the K-point, and then gradually

be
omes more bluer. The amplitudes of the B − V and V −R 
hanges are

around 0.8 mag and 0.5 mag respe
tively. The R − I 
olor 
urve has no

extremum and the beginning of its slower in
reasing is around the time of

the K-point.
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Fig. 2. B − V , V − R and V − I 
olor 
urves of SN2011dh (the verti
al shift of the R − I

urve is made for a better visibility). The symbols are the same as in Fig. 1

3.2. Low-dispersion spe
tra

The low-resolution spe
tra of SN2011dh from August and September 2011 (2-3

months after the light maximum) exhibit very broad (FWHM around 100

�

A)

spe
tral features making the 
ontinuum identi�
ation quite di�
ult (Fig. 3).

The broad lines are indi
ation for the large ranges of the expansion velo
ities,

typi
al for SN II type.

The Hα line is visible as a weak absorption feature in the �rst 2 spe
tra

from the beginning of August 2011 (Fig. 3). The earlier spe
tral history of

SN 2011dh (Vinko et al. 2012, Marion et al. 2013) revealed rapidly weakening

of the Hα line as well as its transformation from an emission feature with a

P-Cygni pro�le to a symmetri
 absorption at the beginning of July 2011. Our

spe
tra from the beginning of August 2011 show that the Hα line has 
ontinued

to weaken and its pro�le has be
ome asymmetri
 but with higher left shoulder

(see for 
omparison �gs. 5 and 8 in Marion et al. 2013). The weakening of the

Hα feature rea
hed to its gradual disappearing in the last four spe
tra taken

3�4 weeks later (Fig. 3).

The most prominent absorption feature of all Rozhen spe
tra is that at 5745

�

A asso
iated with HeI 5876 (
ontaminated by NaI D). This feature appeared

11 days after the explosion, be
ame progressively stronger and almost equaled

the Hα feature in depth and width at the end of June (Vinko et al. 2012,

Marion et al. 2013). At the beginning of August the HeI 5876 feature turned

out even 
onsiderably (4-5 times) deeper and broader than the Hα line (Fig.

3).
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Fig. 3. The spe
tra of SN2011dh obtained at NAO Rozhen

The Rozhen spe
tra exhibited prominent features HeI 6678 and HeI 7065

whi
h strengthened simultaneously with HeI 5876. They were s
ar
ely visible

in the spe
tra of SN2011dh taken a month earlier (Marion et al. 2013).

Thus, our spe
tra present 
ontinuation of the spe
tral history of SN2011dh.

The disappearing of the Hα line as well as the strengthening of the HeI fea-

tures around three months after the light maximum provide additional, sure


on�rmations that the Supernova SN2011dh is a new member of the rare SN

IIb family.

In fa
t, Ar
avi et al. (2011b) made the �rst supposition about the IIb

subtype of SN2011dh without identifying He features, only due to its similari-

ty with SN1993J. They noted that its spe
tra were dominated by H lines out to

day 10 after explosion, but initial signs of He appeared to be present. Ar
avi

et al. (2011b) assumed that if the He lines 
ontinue to develop in the near

future, then SN2011dh would turn out a member of the 
IIb 
lass. Marion et

al. (2011) 
on�rmed the type IIb 
lassi�
ation with the �rst dete
tion of HeI

lines in NIR spe
tra obtained 16 days after the explosion. Maund et al. (2011)

identi�ed HeI lines in opti
al spe
tra and found that the transition from H

dominated spe
tra to He is nearly 
omplete 40 days after the explosion. The

spe
tra of Vinko et al. (2012) and Marion et al. (2013) exhibit the presen
e

of opti
al HeI features 12 days after the explosion. The spe
tra taken at NAO

Rozhen around 2.5 � 3 months after the explosion gave the next arguments

about the IIb 
lassi�
ation of SN2011dh.

In order to determine the quantitative 
hara
teristi
s (velo
ities, widths,

et
.) we �tted the spe
tral lines with polynomials.
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The Doppler shifts of the Hα line of our spe
tra in August 2011 
orrespond

to mean expansion velo
ity of 9880 km/s (Table 3). This value is by 1920

km/s smaller than that of the last spe
trum of Marion et al. (2013) from the

beginning of July. In fa
t, the Hα velo
ities de
lined rapidly from 15400 km/s

to about 12500 km/s in the �rst 2 weeks after the explosion (Marion et al.

2013) and then 
ontinued gradually to de
rease.

The Doppler shifts of the HeI 5876 feature of the Rozhen spe
tra 
orres-

pond to mean velo
ity of 6240 km/s. This value is by 1560 km/s smaller than

that of the last spe
trum from the beginning of July (Marion et al. 2013).

The di�eren
e between the expansion velo
ities of Hα and HeI 5876 in

August was around 3640 km/s. This di�eren
e has been 4000 km/s at the

beginning of July (Table 3). Thus, our results 
on�rmed the trend the hydro-

gen line-forming region to be 
onsiderably separated from the helium layer

(Marion et al. 2013).

The Doppler shifts of HeI 6678 and HeI 7065 of our spe
tra 
orrespond

to mean expansion velo
ities of 4160 km/s and 5250 km/s (Table 3). These

values are 
onsiderably smaller than that of HeI 5876. Moreover, the biggest

de
reasing of the expansion velo
ity from the beginning of July of is that of

HeI 6678.

The di�erent velo
ities of the observed spe
tral features of HI and HeI


orrespond to the di�erent physi
al 
onditions (temperature, pressure, opa
ity,

et
.) and 
hemi
al 
omposition of outer layers of the exploded star with an

�onion� stru
ture.

Table 3. Velo
ity measurements of Hα and HeI lines (in units km/s)

Date Hα HeI 5876 HeI 6678 HeI 7065

Jul 04.2* 11800 7800 7100 6800

Aug 03.82 9850 6100 4200 4700

Aug 08.82 9850 6450 4400 4600

Aug 26.78 9850 6400 4100 5300

Aug 27.78 9850 6400 3950 5650

Aug 28.78 9850 6100 4150 6000

Sept 03.78 10000 6000 4150 5250

*The last spe
trum of Marion et al. (2013)

Con
lusion

The results from this study allow us to infer the following 
on
lusions.

1. The light 
urve of SN2011dh is of SN II-L type with a peak absolute mag-

nitude of MV = −17.18m. The light maxima o

ur later (up to 3 days) for

the longer wavelengths.

2. The light de
line during the fast phase is the biggest in B and de
reases

to the longer wavelengths (up to 3 times in I band) while the light de
line

during the slow phase is the biggest in R and de
reases to the shorter

wavelengths (up to 1.5 times in B band).
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3. The HeI 5876 feature at the beginning of August 2011 was 
onsiderably (4

� 5 times) deeper and broader than the Hα line while they were almost the

same a month earlier.

4. The expansion velo
ity of the Hα line at the beginning of August 2011 is

around 9880 km/s and nearly 1920 km/s smaller than that a month earlier.

5. The expansion velo
ity of the HeI 5876 feature is around 6240 km/s, i.e.

by 3640 km/s smaller than that of the Hα line.

6. The disappearing of the Hα line and the strengthening of the HeI features

at the end of August 2011 provided additional 
on�rmations that the Su-

pernova SN2011dh is a new member of the rare SN IIb family.

The SNe phenomena of subtype IIb are poorly studied due to their rare-

ness. SN1987K was the �rst representative with su
h strange spe
tral behavior

(Fillipenko 1988) but SN 1993J best de�ned the opti
al properties of a SN

IIb. Re
ently, Chevalier & Soderberg (2010) in
luded additional (non-opti
al)

distinguishing features of the SN IIb subtype: rapidly evolving radio emission,

rapid expansion of the radio shell, nonthermal X-ray emission. Several SNe

have one or more of these features: 1996
b, 2001ig, 2003bg, 2008ax, 2008bo,

and 2001gd.

The explosion of the very nearby SN20111dh o�ered the unique opportuni-

ty to study the evolution of an ex
eptionally rare event of IIb subtype.

The observations obtained at NAO Rozhen provided 
ontinuation of the

spe
tral history of SN2011dh during the third month after the explosion tra
k-

ing the gradual transition from HI dominated spe
tra to HeI ones. These empir-

i
al data 
an be used as 
onstraints for the SN IIb models and for explanation

of the me
hanism responsible for the removal of the outer envelope before the

explosion.

Our results 
ould be 
onsidered as some 
ontribution in the study of the

rare SN IIb phenomena exhibiting the explosive end of massive stars whi
h H

envelope is kept before the explosion. Re
ently they be
ome still more interest-

ing due to the dete
tion of their 
onne
tion with the long-duration gamma-ray

bursts (Woosley & Bloom 2006).
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