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History of the Universe
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Edwin Hubble is shown 
looking through the  

100-inch telescope at the  
Mt. Wilson Observatory 

(photo date:~1922).

Galaxies further away are moving faster.
υ = Η0 × d

The Universe is Expanding!
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Supernovae - SNe
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“the bigger you 
are, the faster 
you burn…”
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SNe type Ia
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Phillips et al. 1993
Supernova Cosmology Project

White Dwarfs accreting mass
M~1.4M⊙

Thermonuclear explosion
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Universe & the Accelerating Expansion

rgy
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μ = mB - M + αx - βc

μ = f [z, Ωm, ΩΛ, w(z)]
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Universe & the Accelerating Expansion

μ = f [z, Ωm, ΩΛ, w(z)]

Amount of Matter ~ 30%

Amount of Dark Energy ~70%

Equation of state for Dark Energy
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Universe & the Accelerating Expansion

Betoule et al. 2014

~740 SNe Ia
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Universe & the Accelerating Expansion

Betoule et al. 2014
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Universe & the Accelerating Expansion

Betoule et al. 2014

wα = dw/dα
change of w with time

Ωm = 29.5%
ΩΛ = 70.5%
w = 1.018 +/- 0.057
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Dark Energy probes:

1.Barionic Acoustic Oscillations
2. Weak (gravitational) Lensing
3.Galaxy Clustering
4.Sueprnovae Ia

10

Dark Energy Survey - DES
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Dark Energy Survey - DES
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Dark Energy Survey - DES
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Dark Energy Survey - DES
Location:
• Cerro Tololo, Chile
• 2207 m
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Dark Energy Survey - DES
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Gemini South (8m)

LSST (8m) ~2021 

CTIO
Blanco (4m)

Location:
• Cerro Tololo, Chile
• 2207 m
• Blanco 4m telescope
• CTIO 

• Cerro Tololo Inter-American Observatory
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Dark Energy Survey - DES
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Dark Energy Survey - DES
Location:
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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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41 253 deg2 

5 000 deg2
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Dark Energy Survey - DES
Survey Footprint:
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41 253 deg2 

5 000 deg2
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Dark Energy Camera - DECam:
3500 kg
  570 Mpx
    62 Science CCDs
      5 m above the telescope 4m mirror
      3 deg2 FoV (~10 times full Moon)
      1 GB per exposure

Dark Energy Survey - DES
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2048 px * 4096 px
250μm thick
15 μm (0.264”) pixel size
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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

“The underlying message passing protocol is based on PYRO, a powerful distributed object technology system written 
entirely in Python.”

24

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


A.Papadopoulos@external.euc.ac.cy

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

25

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


A.Papadopoulos@external.euc.ac.cy

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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Observer console

Obstac - scripts

visual data flow
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Dark Energy Survey - DES
DECam & SISPI - Survey Image System Process Integration:
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Instrument Control System-ICS:

1. Shutter+exposure timing

2. Filter selection

3. Hexapod configuration

4. Telescope Pointing

5. Dome environment

6. ICS status
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Dark Energy Survey - DES
DECam & SISPI - Survey Image System Process Integration:
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Guider - live image

Image health
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Dark Energy Survey - DES
DES Data Management - DESDM: 
National Center for Supercomputing Applications - NCSA
(University of Illinois, Urbana-Champaign, USA) home of BLUE WATERS
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300GB per night produced by DECam 
~12hrs turnaround for SNe data
~6 months for the yearly data releases
Data products accessible via SQL database
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SNe search in DES
• DES SNe search: 

• 10 fields (E1,E2,S1,S2,C1,C2,C3*,X1,X2,X3*)
• Transients naming convention: DES-13-S2-abcd
• ~5-7 days cadence in griz
• DESY1:

• 1-Sep-2013⬄12-Feb-2014 : ~165 days

• Data processing: 
• turn around time is essential for spectroscopic follow-up

• FirstCut Pipeline - Difference pipeline - Machine Learning Algorithm - Human scanning - Transient identification - 
Photometric classification

• Photometric classification
• PSNid - Masao et al. 200?

• light-curve photometry
• zphoto
• host galaxy information

• Science Goals: 
• Cosmology 

• ~3500 SNe Ia (after DES 5yr) 
• Interesting Transients

• SLSNe (~10 / DES season)
• SNe Interactions with Interstellar Medium
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SNe search in DES
• DES SNe search: 
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DES Supernovae
• DES SNe search: 

• 10 fields (E1,E2,S1,S2,C1,C2,C3*,X1,X2,X3*)
• Transients naming convention: DES-13-S2-abcd
• ~5-7 days cadence in griz
• DES Y1:

• Sep-2013⬄Feb-2014 : ~165 nights 
• DES Y2:

• Aug-2014⬄Feb-2015 : ~155 nights
• DES Y3:

• Aug-2015⬄Feb-2016 : ~155 nights

• Data processing: 
• turn around time is essential for spectroscopic follow-up

• FirstCut Pipeline - Difference pipeline - Machine Learning Algorithm - 
Human scanning - Transient identification

• Photometric classification
• Spectroscopic follow-up

• Science Goals: 
• Cosmology 

• ~3500 SNe Ia (after DES 5yr) 
• Interesting Transients

• SLSNe (~10 / DES season)
• SNe Interactions with Interstellar Medium
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DES Supernovae
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• Data processing: 
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• Science Goals: 
• Cosmology 

• ~3500 SNe Ia (after DES 5yr) 
• Interesting Transients

• SLSNe (~10 / DES season)
• SNe Interactions with Interstellar Medium
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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 Supernovae
• DES SNe search: 
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• Aug-2015⬄Feb-2016 : ~155 nights

• Data processing: 
• turn around time is essential for spectroscopic follow-up

• FirstCut Pipeline - Difference pipeline - Machine Learning Algorithm - 
Human scanning - Transient identification

• Photometric classification 
• Spectroscopic follow-up
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• SLSNe (~10 / DES season)
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Search  -  Template = Difference
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DES Supernovae
• DES SNe search: 

• 10 fields (E1,E2,S1,S2,C1,C2,C3*,X1,X2,X3*)
• Transients naming convention: DES-13-S2-abcd
• ~5-7 days cadence in griz
• DES Y1:

• Sep-2013⬄Feb-2014 : ~165 nights 
• DES Y2:

• Aug-2014⬄Feb-2015 : ~155 nights
• DES Y3:

• Aug-2015⬄Feb-2016 : ~155 nights

• Data processing: 
• turn around time is essential for spectroscopic follow-up

• FirstCut Pipeline - Difference pipeline - Machine Learning Algorithm - 
Human scanning - Transient identification

• Photometric classification
• Spectroscopic follow-up 

• Science Goals: 
• Cosmology 

• ~3500 SNe Ia (after DES 5yr) 
• Interesting Transients

• SLSNe (~10 / DES season)
• SNe Interactions with Interstellar Medium
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DES Supernovae
• DES SNe search: 
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• Transients naming convention: DES-13-S2-abcd
• ~5-7 days cadence in griz
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• Sep-2013⬄Feb-2014 : ~165 nights 
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• Aug-2014⬄Feb-2015 : ~155 nights
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• Aug-2015⬄Feb-2016 : ~155 nights

• Data processing: 
• turn around time is essential for spectroscopic follow-up

• FirstCut Pipeline - Difference pipeline - Machine Learning Algorithm - 
Human scanning - Transient identification

• Photometric classification
• Spectroscopic follow-up 

• Science Goals: 
• Cosmology 

• ~3500 SNe Ia (after DES 5yr) 
• Interesting Transients

• SLSNe (~10 / DES season)
• SNe Interactions with Interstellar Medium
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Science Goal 

Cosmology ~3500 SNe Ia 

(after DES 5yr)

Bernstein et al. 2012
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Update
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Science Goal 

Cosmology ~3500 SNe Ia 

(after DES 5yr)

Bernstein et al. 2012
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Superluminous SNe (SLSNe)
Superluminous:

• Mabsolute < -21
• ~50 times brighter

Light-curves:
• 100s of days
• long rise/fall timescales

Rare events:
• ~40 discovered up to date
• 0.01% of SNe Ia rates

• local Universe
• *15 increase @ z>1

• SNLS, Cooke et al. 2012
High-z:

• SN 1000+0216 @ z=3.9 
• Cooke et al. 2012

UV emitters:
• redshifted to the observed optical

41

SNe Ia

Gal-Yam, SLSNe review, 2012
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DES13S2cmm

Peak Brightness:
• 28-September-2013
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• ~30 days rise time
• z = 0.663 ± 0.001
• MU = -21.09

Search Template Difference

Papadopoulos et al. 2015
arxiv.org/abs/1501.07232
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DES13S2cmm Vs SNe type Ia

DES13S2cmm:
• VLT

• z = 0.663
• SLSN-1

DES13C3abht:
• Gemini-South

• z = 0.690
• type 1a
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SLSNe in DES - update
• 1 SLSN confirmed from Y1
• 7 SLSNe confirmed from Y2

• most luminous SN ever discovered (2-3 months)
• highest redshift (z=1.3) SLSN-II ever discovered

• ~15 candidates awaiting for host-z confirmation from Y2
• 2 SLSNe confirmed from Y3…
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DES14C1fi (z=1.3)
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SLSNe - Standardisation?
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Inserra & Smartt 2014

PAST

FUTURE?PRESENT
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DES13S2cmm: Modelling
Bolometric LC (rest frame): 
• Black body SED fits - Temperature & Radius

• each epoch with >3 filter/observations
• integrate the best fit SEDs = Lbol

• Nature of the power source:
• Radioactive decay of nickel - 56Ni 

• t0, Eexp, Mej, MNi

• Magnetar* 
• rapid spin-down of a Neutron star with an extreme magnetic field
• t0, Pms, B14, τm
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DES13S2cmm: Modelling
SLSNe-I: 
• Pastorello el al. 2010, Inserra et al. 2013, 

Howell et al. 2013 ,Nicholl et al. 2014
• Same luminosity at +25 days 
• hints for Standardisation? 
SLSNe-R: 
• Gal-Yam et al. 2009, McCrum et al. 

2013 ,Nicholl et al. 2013
• Can’t be ruled out

A.Papadopoulos et al. (submitted)
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