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Supernovae - SNe

“the bigger you
are, the faster
you burn...”
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Universe & the Accelerating Expansion
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Riess "for the discovery of the accelerating expansion of the Universe
through observations of distant supernovae”,
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Universe & the Accelerating Expansion
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Universe & the Accelerating Expansion
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.‘ Universe & the Accelerating Expansion
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Dark Energy probes:

| .Barionic Acoustic Oscillations
2.Weak (gravitational) Lensing
3.Galaxy Clustering
4.Sueprnovae la
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Dark Energy Survey - DES
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.‘ Dark Energy Survey - DES

Location:

* Cerro Tololo, Chile
* 2207 m

* Blanco 4m telescop
* CTIO

LSST (8m) ~2021

Argentina
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Dark Energy Survey - DES

Location:
 Cerro Tololo, Chile

* 2207 m T
* Blanco 4m telescopesi =
« CTIO

e Cerro Tololo Inter-American Observ

Argentina
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Dark Energy Survey - DES

Dark Energy Camera - DECam:
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<.} Dark Energy Survey - DES

Survey Footprint:
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<.} Dark Energy Survey - DES

Survey Footprint:

,f”/ Stripe 82 ('S)

XMM-LSS (X) ~ /

Elias S| (E)

" 41 253 deg?
— ) 5 000 deg?
CDFS (‘C’) &
E=J DES (Year | ) DES (SN fields) . DES (SV flelds) I DES (round-13)
European L
C? %TW&%H}; Cy;:arua B

L INVES A.Papadopoulos@external.euc.ac.c ‘M FaHPC 9



mailto:A.Papadopoulos@external.euc.ac.cy?subject=

.‘ Dark Energy Survey - DES

Dark Energy Camera - DECam: 570 Mpixel | &
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Dark Energy Survey - DES

DECam & SISPI - Survey Image System Process Integration:

Honscheid, K. et al.,“The Readout and Control System of the Dark Energy Camera”, Proc. SPIE 8451,845112 (2012)
Honscheid, K.,“Lessons learned: reviewing the DECam data acquisition system after one year in service”, Proc.
SPIE 9152,9152-14 (2014)

What SISPI does:

control system of DECam
data acquisition

image pipeline

observer console

image quality monitoring

observing strategy tool

Figure 2: Block diagram of the DECam read-out and control system (SISPI).

“The underlying message passing protocol is based on PYRO, a powerful distributed object technology system written
entirely in Python.”
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<., Dark Energy Survey - DES

DECam & SISPI - Survey Image System Process Integration:
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. Dark Energy Survey - DES

DECam & SISPI - Survey Image System Process Integration:
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DECam & SISPI - Survey Image
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DES Data Management - DESDM:

National Center for Supercomputing Applications - NCSA
(University of lllinois, Urbana-Champaign, USA) home of BLUE WATERS
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DES Supernovae

« DES SNe search:

10 fields (EI,E2,S1,52,C1,C2,C3*X1,X2,X3%)

- Transients naming convention: DES-|3-52-abcd

- ~5-7 days cadence in griz
- DESYI:

+ Sep-2013 <> Feb-2014 : ~165 nights

- DESY2:

* Aug-2014<<>Feb-2015 : ~155 nights

- DESY3:

Cg

* Aug-2015<>Feb-2016 : ~155 nights

Eurﬂpean
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Stripe 82 (°S))
XMM-LSS (°X) B

S S Imias ‘-“".Jq 5oy 4"1 ). L'?.F |
DES Supernovae .« R ITER
23 I ELREEREEE
. DES SNe search: N \\\\ VLY bl 1
10 fields (E1,E2,51,52,C1,C2,C3% X 1,X2,X3%) R TR Y L
- Transients naming convention D) 2 TR P R
- ~5-7 days cadence in griz Al LI T
DESY|: alLLLLELIE I 1L s 1 h
. Sep-2013Feb-2014 : ~| Wi e
DESY2: . '
* Aug-2014<<>Feb-2015 : ~ eSS
DESY3: o

* Aug-2015<>Feb-2016 : ~

- Data processing:

- turn around time is essential for spectroscopic follow-up
* FirstCut Pipeline - Difference pipeline - Machine Learning Algorithm -
Human scanning - Transient identification

Search - Template = Difference

Difference pipeline - Kessler et al. 2015 - arxiv.org/abs/1507.05137
AUTOSCAN - Goldstein et al. 2015 - arxiv.org/abs/1504.02936
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« DES SNe search:

- 10 fields (EI,E2,S1,52,CI,C2,C3*X1,X2,X3%)
- Transients naming convention-DJ -

- ~5-7 days cadence in griz
- DESYI:

+ Sep-2013<&>Feb-2014 : ~|

- DESY2:

DES Supernovae

XMM-LSS (°X)

Elias S| (‘E)

Ty

Stripe 82 (°S))

60

© Aug-2014<>Feb-2015 : ~ il

- DESY3:
* Aug-2015<>Feb-2016 : ~

- Data processing:

* turn around time is essential for sp
FirstCut Pipeline - Difference pipeline
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Distance Modulus, x (Magnitudes)
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Superluminous SNe (SLSNe)
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Peak Brightness:
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DES14C1fi (z=1.3)

Mgl oll
I

Relative flux f,

SLSNe in DES - update

| SLSN confirmed from Y |
7 SLSNe confirmed from Y2
« most luminous SN ever discovered (2-3 months) WYY, ¥

’ higheSt redShift (Z= I .3) S -SN-II ever discovered 27-00 27.50 28.00 2§.50 ZQOOSGW 3650 3700 3750 3800

~ I 5 Candidates awaiting for. ']OSt-Z Conﬁrmation from Y2 Rest Wavelength (A) Rest Wavelength (A
2 SLSNe confirmed fromY3...

2000 2500 3000 . 3500 4000
Rest Wavelength (A)

Mgll [2796A,2803A]
|l

oll [3727A]

Relative flux f,
Relative flux f,

1-Aug-2014  1-Sep-2014  1-Oct-2014  1-Nov-2014 1-Dec-2014 1-Jan-2015 1-Feb-2015
I

; + 4+ + # DESZ:
211 DES g
. o s .
QS% . 95890 5@ .
8 22F ° o 0 -
= C ®Q 0% § ]
o ? o N
= é I 0§{ ]
"GC: - o. & ]
g 23 $+ v io i I —
§ g g SR
- \) ) ’
243— % J . —f
-1|00 5IO (I) 5|0 1(|)0

Modified Julian Day - 56960.2 (days)

L '-m—lm, 44

A.Papadopoulos(@external.euc.ac.c


mailto:A.Papadopoulos@external.euc.ac.cy?subject=

mrmr:mﬂ."'a[s-l}-"jc

Distance Modulus, x (Magnitudes)

chift, z

SLSNe - Standardisation?

o

Host z .
Fhnsi o 2:5.5 - Dﬂ o
(=]
Mot >23.5, targeted in this proposal il .:i
$u55% c -
2 & =°
-
o
e |
- = \\:\@
" < 20
Qﬁ F—lu B
' : I i e
’ 0.0 02 04 06 0B 1.0 12
Redshift, z
0.8 1.0

M
[ ]

]
[

RN EEEN |

gy

18} a
16 B
14 _:
0.6 .
0.4 4 ks
0.2 —
00§
0.2
948

6 ; :

0.0 0.2 0.4 0.6 D.B 1.0 1.2 1.4

z

1.2

Distance modulus (m-M)

b, = 0.00

0.27 1]

(m-M)-(m-M)!--,‘w

I
o
N

Py
w

£
Py

Py
w

=
N

&=
—

£
o

w
O

W
o

0.8

0.6

ot
.
o'
.
.
'
o
.
'

\\\\\
(L
ar?

et
W

--------

......

0,=027 2,=0.73
0,=0.27 2,=0.0
0,=1.0 0,=0.0
0,=0.32 2,=0.68
0,=0.200,=0.80 ||
SLSN Ic (2005ap-like)

1.2

0.2

0.4

0.6

0.8

o

1.0

—

FUTURE?

T

.
.
“,
‘s

0.1

Inserré & Smartt 2014 =

.Papadopoulos(@external.euc.ac.cy



mailto:A.Papadopoulos@external.euc.ac.cy?subject=

MACS J1 149.é+222‘3 .
* SN HFF14Ref (Refsdal) |

" HST HFF g

\ ]
"

WFC3 /IR F1IO5W+F1Z25W

- ‘ SN may have appea.red

-kelly et al. 2045 (Nature)
& 3

- N

N °
F\ here in 1995 -




Bolometric LC (rest frame):

» Black body SED fits - Temperature & Radius
- each epoch with >3 filter/observations
» integrate the best fit SEDs = Lo

Nature of the power source:
- Radioactive decay of nickel - >°Ni
* tO, Eexp, Mej, MNI

» Magnetar*

* rapid spin-down of a Neutron star W|th
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DES1352cmm: Modelling
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