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SuperLuminous SuperNovae : SLSNe

~

• 10-100 times more luminous than normal SNe at peak  

• absolute magnitude < -21 mag
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Power source of explosion
→ unclear yet

 Possible power sources : 

• radioactive decay of 56Ni 
       (e.g., Woosley et al 2007; Umeda & Nomoto 2008) 

• interaction with CSM（SLSNe-II） 
       (e.g., Chevalier & Irwin 2011; Moriya et al. 2013) 

• central energy source（SLSNe-I) 
       (e.g., Kasen & Bildsten 2010; Dexter & Kasen 2013) 

•

central energy source such as magnetar 
→ aspherical explosion ? 

to study geometry 
→ polarimetry (not imaging)
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Figure 4. Volume renderings of entropy and β at t − tb = 161 ms. The z-axis is the spin axis of the protoneutron star and we show 1600 km on a side. The colormap for
entropy is chosen such that blue corresponds to s = 3.7kb baryon−1, cyan to s = 4.8kb baryon−1 indicating the shock surface, green to s = 5.8kb baryon−1, yellow to
s = 7.4kb baryon−1, and red to higher entropy material at s = 10kb baryon−1. For β we choose yellow to correspond to β = 0.1, red to β = 0.6, and blue to β = 3.5.
Magnetically dominated material at β < 1 (yellow) is expelled from the protoneutron star and twisted in highly asymmetric tubes that drive the secular expansion of
the polar lobes.
(A color version of this figure is available in the online journal.)

collapse of the protoneutron star and black hole formation. In
this case, the engine supplying the lobes with low-β plasma
is shut off. Unless their material has reached positive total en-
ergy, the lobes will fall back onto the black hole, which will
subsequently hyperaccrete until material becomes centrifugally
supported in an accretion disk. This would set the stage for a
subsequent long GRB and an associated Type Ic-bl CCSN that
would be driven by a collapsar central engine (Woosley 1993)
rather than by a protomagnetar (Metzger et al. 2011).

The results of the present study highlight the importance of
studying magnetorotational CCSNe in 3D. Future work will be
necessary to explore later postbounce dynamics, the sensitivity
to initial conditions and numerical resolution, and possible nu-
cleosynthetic yields. Animations and further details on our sim-
ulations are available at http://stellarcollapse.org/cc3dgrmhd.
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magnetar model

Mosta et al 2014



Polarization (%) axial ratio (a/b)
~ 0.5 ~ 1.1
~ 1.0 ~ 1.2
~ 2.0 ~ 1.5

Hoflich 1991

Polarization and geometry

no polarization

electron 
  scattering

polarized

asphericity → polarization

Q = −

U = −

P = Q2 + U2

θ =
1
2

tan−1 U
Q

Stokes parameter

Polarization degree

Position angle



Problems in previous studies

• Only 4 SLSNe-I with polarimetry 
     (Leloudas et al. 2015, 2017;  
     Inserra et al. 2016; Lee 2019; 
     Bose et al. 2018; Maund et al. 2019) 

• not accurate Interstellar polarization 

Bose et al. 2018

 P ~ 0.5 % ?
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intrinsic SN polarization : 
      electron scattering on photosphere

Interstellar polarization (ISP)

interstellar 
dust

Supernova 

observer

ISP :  absorption by dust

observed polarization 
    = intrinsic SN polarization + ISP



Problems in previous studies

Bose et al. 2018

 P ~ 0.5 % ?

polarization until +46days, while for LSQ14mo, the broad-
band polarization during −7 to +19days suggested overall
spherical symmetry.

Our spectropolarimetric results (see Figure 12) show that we
have detected significant polarization in Gaia17biu. To
determine whether this polarization is intrinsic to the SN, we
must first address the possibility of interstellar polarization
(ISP) induced by the dichroic absorption of SN light by
interstellar dust grains aligned with the magnetic field of the
interstellar medium. Fortunately, the ISP in the direction
of Gaia17biu appears to be low (E(B− V )≈0.0097±
0.0005 mag; see Section 1). According to Serkowski et al.
(1975), the maximum expected polarization correlates with
reddening by PISP<9 E(B− V )%, which implies PISP<
0.09% from the Milky Way in the direction of Gaia17biu.
There are also polarimetric measurements in the literature of a

nearby F0V star, HD 89536 (0°.58 away from Gaia17biu), that
lies at an estimated spectroscopic-parallax distance of ∼193 pc,
sufficiently distant to be useful as a probe of the intervening
ISP. The cataloged optical polarization of HD 89536 is a null
detection with P<0.025% (Berdyugin et al. 2014). We thus
do not expect significant Galactic ISP in the direction of
Gaia17biu.
The ISP from the host galaxy is more difficult to ascertain,

but the lack of significant Na ID absorption features at the rest
wavelength of NGC3191 suggests that the host absorption is
likely to be less than the low Milky Way value. Furthermore, if
the polarization were due to ISP, then we would expect a
Serkowski functional form, whereby the polarization peaks
near a wavelength of 5500Å and drops off at longer
wavelengths (Serkowski et al. 1975). Instead, the average
polarization appears to be relatively flat with wavelength,
which is more consistent with the effects of electron scattering.
We are therefore inclined to interpret the polarized signal as
intrinsic to the SN.
Under the reasonably justified assumption of unsubstantial

ISP, it appears that significant intrinsic polarization in the
continuum and possible modulations across line features have
been detected in Gaia17biu. The “continuum polarization”
(integrated over the wavelength range 7800–8700Å, where the
spectra appear to be devoid of line features) is Pcont=
0.43%±0.09% at θ=161°±6°. Taken at face value, the
electron-scattering models used by Hoflich (1991) would
suggest that this level of polarization is consistent with an
ellipsoidal shape on the sky having an axis ratio of ∼0.9.
Modulations relative to the continuum appear as high as
0.4%–0.5%, particularly in the regions near 6300–6400 and
7300–7600Å. The modulations could thus be associated with
blueshifted absorption components of the possible C IIλ6580
and O Iλ7774 lines. The lack of strong deviations in θ across
these features is consistent with global asphericity of the SN
atmosphere and its line-forming region, as opposed to a clumpy
or irregular line-forming region, which typically results in
substantial position-angle changes (see, e.g., Mauerhan
et al. 2015). Comparison of the June 21 and 27 data indicates
no substantial change in the polarization characteristics
between these epochs; slight shifts in polarization and θ at
select wavelengths are near the limit of statistical significance.
However, comparison of the June 21 and July 1 data shows a
slight indication that the polarization has marginally increased
around 5000–6000Å, possibly associated with the Si II or C II
lines. However, the bright night-sky emission lines in this
region of the spectrum were particularly strong and rapidly
changing, as the observations were performed in substantial
twilight, and the polarization increase should be treated with
caution.

5. Radio Observations

We observed the location of Gaia17biu at 1.5 GHz with the
electronic Multi-Element Remotely-Linked Interferometer Net-
work (e-MERLIN) from 2017 June 21 to 23 and with the Karl
G. Jansky Very Large Array (VLA) on 2017 June 22 and 30.
The e-MERLIN observations were made in two continuous
runs with a bandwidth of 512MHz (1254.6–1766.5MHz),
reduced to ∼400MHz after flagging, using the Knockin,
Pickmere, Darnhall, and Cambridge stations, along with the
MarkII (18:00 June 21 to 12:00 June 22) and Defford (15:00

Figure 12. Three epochs of spectropolarimetry for Gaia17biu. Top panel:
observed Kast spectra, color-coded for each epoch. Middle panel: polarization,
given as the rotated Stokes q parameter (see Mauerhan et al. 2014). The June
and July data have been binned by 100 and 300 Å, respectively. Bottom panel:
position angle (θ) for the corresponding epochs, binned to 100 Å.
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must first address the possibility of interstellar polarization
(ISP) induced by the dichroic absorption of SN light by
interstellar dust grains aligned with the magnetic field of the
interstellar medium. Fortunately, the ISP in the direction
of Gaia17biu appears to be low (E(B− V )≈0.0097±
0.0005 mag; see Section 1). According to Serkowski et al.
(1975), the maximum expected polarization correlates with
reddening by PISP<9 E(B− V )%, which implies PISP<
0.09% from the Milky Way in the direction of Gaia17biu.
There are also polarimetric measurements in the literature of a

nearby F0V star, HD 89536 (0°.58 away from Gaia17biu), that
lies at an estimated spectroscopic-parallax distance of ∼193 pc,
sufficiently distant to be useful as a probe of the intervening
ISP. The cataloged optical polarization of HD 89536 is a null
detection with P<0.025% (Berdyugin et al. 2014). We thus
do not expect significant Galactic ISP in the direction of
Gaia17biu.
The ISP from the host galaxy is more difficult to ascertain,

but the lack of significant Na ID absorption features at the rest
wavelength of NGC3191 suggests that the host absorption is
likely to be less than the low Milky Way value. Furthermore, if
the polarization were due to ISP, then we would expect a
Serkowski functional form, whereby the polarization peaks
near a wavelength of 5500Å and drops off at longer
wavelengths (Serkowski et al. 1975). Instead, the average
polarization appears to be relatively flat with wavelength,
which is more consistent with the effects of electron scattering.
We are therefore inclined to interpret the polarized signal as
intrinsic to the SN.
Under the reasonably justified assumption of unsubstantial

ISP, it appears that significant intrinsic polarization in the
continuum and possible modulations across line features have
been detected in Gaia17biu. The “continuum polarization”
(integrated over the wavelength range 7800–8700Å, where the
spectra appear to be devoid of line features) is Pcont=
0.43%±0.09% at θ=161°±6°. Taken at face value, the
electron-scattering models used by Hoflich (1991) would
suggest that this level of polarization is consistent with an
ellipsoidal shape on the sky having an axis ratio of ∼0.9.
Modulations relative to the continuum appear as high as
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 (around peak)

• Only 4 SLSNe-I with polarimetry 
     (Leloudas et al. 2015, 2017;  
     Inserra et al. 2016; Lee 2018; 
     Bose et al. 2018; Maund et al. 2019) 

• not accurate ISP 
→ intrinsic SN polarization ? ISP ?



• to reveal power source of SLSNe 
• to study geometry 

• to estimate ISP →  intrinsic SN polarization

Purpose of this study



• Object        ：SN 2017egm,  nearby SLSN-I 

• Observation：Spectropolarimetry 

• Date           ：2017.12.29 

                     (+185 days after peak : the latest observation) 

• Telescope　：

Data

Gal-Yam et al 2012

around here

Faint Object Camera 
 and Spectrograph 
      (FOCAS)

(at z = 0.0307, dL  ~ 140 Mpc)
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at the LATE phase 
intrinsic polarization P ~ 1.3 % 

→  axial ratio (a/b) ~ 1.3  (aspherical)
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~ 1.3 %



→ Inner ejecta of SLSNe-I is more aspherical. 

　 Clue of Central Energy Source

phase 
(after peak) Polarization

axial ratio 
(≡ a/b)

EARLY 
(-1, 5, 9 days) ~ 0.2 % ~ 1.05

LATE 
(185 days)

~ 1.3 % ~ 1.3

SN 2017egm

1.3

1.05

~ 5,000 km/s

~ 10,000 km/s

Discussion　

NOTE:  
     P of SN 2015bn also increases  
     (Early → Late; Inserra et al. 2016) 
     ※ different epochs from SN 2017egm EARLY → Outer ejecta 

LATE   →  Inner ejecta



Summary

1.3

1.05

~ 5,000 km/s

~ 10,000 km/s

• spectropolarimetric observations at LATE phase  (+185 days) 

→ accurate ISP, estimated from Ca line 

• Increase of intrinsic polarization at LATE phase 

→ more aspherical inner ejecta 

→ Clue of Central Energy Source



Mahalo for listening !!

photo by   Sei Saito   on  2019/11/17   at 18:07  
                         (Hawaii Standard Time; MJD = 58806.1)


