SN 2017dio:
A type-IC SN showing early interactions
with H-rich circumstellar medium

Hanin Kuncarayakti | Kuncaraiakti (7) |
T a7 emt
Finnish Centre for Astronomy with ESO (FINCA) / University of Turku, Finland

+ K. Maeda, C. Ashall, S. Prentice, S. Mattila, E. Kankare, C. Fransson, P. Lundqvist, A. Pastorello, G. Leloudas, J. P. Anderson, S.
Benetti, M. Bersten, E. Cappellaro, R. Cartier, L. Denneau, M. Della Valle, N. Elias-Rosa, G. Folatelli, M. Fraser, L. Galbany, C. Gall, A.

Gal-Yam, C. Gutierrez, A. Hamanowicz, A. Heinze, C. Inserra, 1. Kangas, P. Mazzali, A. Melandri, G. Pignata, A. Rest, T. Reynolds, R.
Roy, S. Smartt, K. Smith, J. Sollerman, A. Somero, B. Stalder, M. Stritzinger, F. Taddia, [.. Tomasella, J. Tonry, H. Weiland, D. Young

Turun yliopisto 2018 ApJL, 854, 14 FINCAX

University of Turku

Finnish Centre for Astronomy with ESO



Wilele oorin il

Gal-Yam 2016, Handbook of SNe
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* WR star progenitors?
* [The progenitors must have lost the envelope somehow

 Heavy mass loss —> CSM?
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SN Classification

Thermonuclear SN |

Sill

SN Ic (broad—lined) %

+long GRB
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PI'Q-Explosion Star

. no Ht '
~no H!

© Modjaz 2008



Some SNe Ib/c do show signs of CSM interactions

 SNe lbn (see Andrea Pastorello’s talk)

: : SN 2014C
* Radio/X-ray detections, also see Maria Drouts talk ; ; SN 2008D (Ib)
MMT '
» SN 2014C (Ib, Milisavljevic+15); SN 2001em (Ib/c, Chugai & naerd
Chevalier 06), 2004dk (lb, Mauerhan+18): late-time Ha g | .
emission ... see talk by Dan Milisavijevic s | ; T
= " t=373d
* A number of Ib/c’s in late-time Ha photometry (Vinko+16) % 14 Oct o9
@ t=282d . . MMT
* SLSNe Ic with /ate-time Ha emission (Yan+15,17) ki : : 2014 Kawy 06
; FLWO 1.5m
* SN 2010mb: Ic with H/He free CSM (Ben-Ami+14), also see 7 2014 Jan 09

PS17brg (poster by Sebastian Gomez)
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SN 2017ens (talk by Janet Chen) rest wavelength [A] Milisavljevic+15
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Fnter SN 2017dio

_ (le ,.WMWJM"WMJ L‘W,,(«M,%
 ATLAS discovery at 18.3 mag (cyan band) ; w ‘“*"*—«WJ
= 1
» ePESSTO classification —> SN Ic(BL) o
* emission lines clipped for spectral fitting 107 e e
(SN|D/G€ ato) Wavelength (A)
Restsv(\)(g\c/)elength NA]
- FO”OW-Up by NUTS & eP_SSTO : I::.Ut: tAT201Tgi:o;i?g;g:f%_CGr;i;]Fdr;eerT:;1;-07_:1_';.%20;\<??33)C-O15
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I'he host galaxy

SDSS DR13
Ra:174.11569 Dec:18.29637

- |n SDSS fleld Scgale:0.3962 arcsec/pix

image zoom :1:1

« 7 =0.037 (SN lines)

* DM = 36.0 mag

9.5
" @® SN Ic (broad)
- m SN Ic (broad & GRB)

e at d = 160 Mpc, 2-3 kpc size

JHs
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o E(B-Vinw.= 0.028 A

- e e e e e e e e . .- D e a I |

e Mg ~ -15 —> fainter than SMC
e 12+log(O/H) ~ 8.0 dex? (L-Z relation, 8'°l*i‘”édh [{J'
Tremonti+04) [ ' Modjaz+08 -
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Spectral sequence
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* First 3 spectra very similar

e Evolving into blue featureless continuum,
typical to SNe |In
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* H, He | emission lines always present
(resolved; >500 km/s) —> CSM

10°'°
3000 400

-

5000 6000 7000 8000 9000
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Spectral sequence
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e Early spectra bear some resemblance with
SNe [a-CSM, but also to Ic

107'°

* Note: SN type-| spectral difference not
always obvious
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e | ater evolution similar to SNe IIn

e Could it be a la+CSM instead?” c.f. SNe
2002ic, 2012ca (la vs. Ic)

3000 4000 5000 6000
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Spectrum decomposition: removing
INnteraction component

| ' || | SN2017/dio +6d
(—CSM)

e Subtract +6d (early phase) with +18d
(featureless)

» Cross-correlate with template library (SNID,
Gelato)
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Spectrum decomposition: removing
INnteraction component

e Subtract +6d (early phase) with +18d
(featureless)

» Cross-correlate with template library (SNID,
Gelato)
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SN2017/dio +6d
(—CSM)

lcBL PTF10vgv +4d

lcBL SN2007! +0d

lcBL SN2002ap +5d

lc SN2004aw +18d

Scaled F(A) + C

la=91T SN1999ac —-13d
Ib iPTF13bvn +1d

IIP SN1999em -1d
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Reverse method of adding CSl
confirms |c classification

H,He
SN2017dio +6d

p

. l
AT,
*\mi‘ﬁw*.’
IC 10d, fv 0.4
lcBL SN2007ce +10d

Ic SN1994| +0d

cBL ih;dOOZop
M fv =0.3
Wiy
!

e < to double check! >

 Adding CSI to various comparison spectra,
varying SN/continuum tlux ratio (fv, Leloudas+15)

* Previous method confirmed: striking similarity
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with SNe Ic o
D17dio +18d
la SN1997br —4d
0 | T
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L Ight curve

Days after reported discovery
—-40-20 0 20 40 60 80 100 120

c. o
3 3 —21
e Early phase can be fitted with SN Ic .‘§ g z—1.5
template (Taddia+15) 3 10 17
. e AN 00 1719
e Constraint of Mg ~ -17.5 mag at R i SOV, g U.

s U+0.0

S ":ﬁ:"_-; D, lin SN2005kj (g)
R
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photospheric (Ic LC) peak —> within
typical Ic/IcBL distribution
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Absolute magnitude (magqg)

 Peak Mg ~ -18.8 mag (CS| dominated)
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* No sign of high extinction - % o/in SN200Sk) .
e~ g | . 2017dio (J=H)
wa T S _ % 2017dlo (H-K
g o SN?OOG;Q -

=) SN2017dio

e Cannot hide a SN la below CSI!

850 950 1000
MJD—-57000
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L Ight curve

Days after reported discovery
-20 0 20 40

* Early phase can be fitted with SN Ic
template (Taddia+15)

€ :
=3 E
O .
o >
-t . O
O Q
O 24
| ©
c
O .
e ¢

» Constraint of Mg ~ -17.5 mag at
photospheric (Ic LC) peak —> within
typical Ic/IcBL distribution

 Peak Mg ~ -18.8 mag (CS| dominated)
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Apparent magnitude (mag)
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e NO sign of high extinction
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e Cannot hide a SN la below CSI! :
880 900

MJD-57000

Hanin Kuncarayakti— SN 2017dio, Ic + CSM 12



Velocity (km/s) Velocity (km/s)
—6000 —4000 -2000 O 2000 4000 —-6000 —4000 —2000 0 2000

CSM & progenitor system

Scaled flux + C

* Interaction was not dominant at early times T Rt wovlengtn @) Rest wovelengih (8)

Velocity (km/s) Velocity (km/s)
—-6000 —4000 -2000 0 2000 —-6000 -—4000 -2000 0 2000

 Asymmetric line protile: occultation by ejecta on
the far (red) side as ejecta expands and
accelerate CSM

Scaled flux + C

* The bulk of the CSM is somewhat detached
(peak density at ~10'¢ cm, if Vejecta = 10000 km/s) il

Days after reported discovery
o) 20 40 60 80 100 120

* Not spherically symmetric (p ~ r2) wind CSM

* Major mass loss in decades preceding the SN
(~102 Mo/yr)
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SM: from previous eruption, or companion

« How come a H/He-free progenitor still has H-rich CSM?

e —> CSM from a binary companion, or pre-SN major
eruption (c.f. SN 2006jc

* Possible binary scenario:

”&




Are some lIn's like this and we are Just
missing the early evolution?

SN Ic
signhatures
seen only here

50
Time Since Peak [day] Kiewe+t12
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ummary

e First firm case of a SN |c (BL?) with prompt interaction with a nearby H-rich CSM

* Progenitor experienced major eruption before the SN, or was in a close binary system




