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Next Decade of SN Cosmology 
ESO Perspectives
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Individual objects

◼Most VLT instrumentation is for follow-up 
observations

◼Large instrument complement for nearby SNe
ØNACO – progenitors

ØFORS2 – SN spectra

ØUVES – environments, abundances

ØXSHOOTER – redshifts (CANDELS SNe), late phases

ØVISIR – mid-infrared

ØMUSE – SN environments (SN Refsdal)

ØHAWK-I – near-IR follow-up

ØEFOSC2/SOFI - PESSTO

➔Detailed investigations of individual objects
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The Survey Telescopes

◼ VST 2.6m for optical and VISTA 4.1m for infrared observations

◼ Coordinated sky surveys in 5-year projects
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Survey Telescopes

◼VST
ØSN search SUDARE

◼VISTA
ØVVV SNe behind bulge

◼VLT follow-up of DES SNe
ØHAWK-I provides IR

ØX-SHOOTER for host galaxy redshifts

A&A proofs: manuscript no. sudare_2015_A_v7

Fig. 7. Redshift distribution of the discovered SNe for the di↵erent types

centage in di↵erent subtypes is quite close to the fraction of SN
types in magnitude limited samples. For instance the updated
Asiago SN Catalog8 includes 56% Ia, 27% II, 4% IIn and 10%
Ib/c (counting only SNe discovered since 2000) with some dif-
ference from our sample only for the most uncertain events clas-
sified as type IIn. The result is encouraging when considering
that we did not make any assumption on the fraction of the dif-
ferent SN types in our typing procedure. This also implies that
the relative rates of the di↵erent SN types are similar in the local
Universe and at z ⇠ 0.5.

At the same time the SN type distribution in our sample is
very di↵erent from that derived in a volume limited sample like
that derived for the LOSS survey (Li et al. 2011b) which gave
the following SN type fraction: Ia 24%, Ib/c 19%, II 52 % and
IIn 5%. The much higher fraction of SN Ia in our sample is a
natural consequence of the high luminosity of SN Ia compared
with other types that makes it possible to discover SN Ia in a
much larger volume. This also explains the SN redshift distribu-
tion shown in Fig. 7. While SN Ia are found to z ⇠ 0.8, the red-
shift limit for the discovered SN II is only z ⇠ 0.4. The relatively
rare but bright type IIn are, on average, discovered at higher red-
shifts.

6. The galaxy sample

To relate the occurrence of SN events to their parent stellar pop-
ulation, we need to characterise the galaxy population in the sur-
vey fields and in the redshift range explored by the SN search. To
this aim, the extensive multi-wavelength coverage of both COS-
MOS and CDFS gives a unique opportunity. In particular the
analysis of deep multi-band surveys of the COSMOS field has al-
ready been published (Muzzin et al. 2013), and we could retrieve
the required information, such as photometric redshifts, galaxy
masses and star formation rates directly from public catalogs.
For the CDFS fields we performed instead our own analysis but
closely following the method described by Muzzin et al. (2013).
In the following, we describe the detection and characterisation
of the galaxies in our search field.

8
http://sngroup.oapd.inaf.it/asnc.html

6.1. COSMOS field

A photometric catalog of the sources in the COSMOS field has
been produced by Muzzin et al. (2013), and available trough
the UltraVISTA survey Web site9. The catalog covers an area
of 1.62 deg2 and encompasses the entire 1.15 deg2 area moni-
tored by SUDARE. The catalog includes photometry in 30 bands
obtained from: i) optical imaging from Subaru/SuprimeCam
(grizBV plus 12 medium/narrow bands IA427 – IA827) and
CFHT/MegaCam (u⇤) (Taniguchi et al. 2007; Capak et al. 2007),
ii) NIR data from VISTA/ VIRCAM (Y JHK bands, McCracken
et al. 2012), iii) UV imaging from GALEX (FUV and NUV
channels, Martin et al. 2005a), iv) MIR/FIR data from Spitzer’s
IRAC+MIPS cameras (3.6, 4.5, 5.8, 8.0, 24 and 70, 160 µm
channels from Sanders et al. 2007 and Frayer et al. 2009).

The optical and NIR imaging for COSMOS have compara-
ble though not identical PSF widths (FWHMs are in the range
0.500 � 1.200). For an accurate measurement of galaxy colours,
Muzzin et al. (2013) performed the PSF homogenisation by de-
grading the image quality of all bands to the image quality of
the band with worst seeing (with seeing of 100– 1.200). Source
detection and photometric measurements were performed us-
ing the SExtractor package in dual image mode with the non-
degraded K image adopted as the reference for source detection.
The flux_auto in all bands was measured with an aperture of
2.5 times the Kron radius that includes > 96% of the total flux of
the galaxy (Kron 1980). Hereafter, the K-band magnitude was
corrected to the total flux by measuring the growth curve of
bright stars out to a radius of 800 (depending on the magnitude
this correction ranges between 2%-4%).

The space-based imaging from GALEX, IRAC and MIPS
have more complicated PSF shapes and larger FWHM, there-
fore photometry for these bands was performed separately (see
Sec. 3.5 and 3.6 in Muzzin et al. 2013).

The photometry in all bands is corrected for Galactic dust at-
tenuation using dust maps from Schlegel et al. (1998) and using
the Galactic Extinction Curve of Cardelli et al. (1989). The cor-
rections were of the order of 15% in the GALEX bands, 5% in
the optical and < 1% in the NIR and MIR.

Star vs. galaxy separation was performed in the J �K versus
u � J color space where there is a clear segregation between the
two components (Fig. 3 of Muzzin et al. 2013). Sources were
classified as galaxies if they match the following criteria:

J � K > 0.18 ⇥ (u � J) � 0.75 for u � J < 3.0
J � K > 0.08 ⇥ (u � J) � 0.45 otherwise (2)

The photometric redshifts for the galaxy sample were ob-
tained with the EAZY10 code (Brammer et al. 2008). EAZY
fits the galaxy SEDs with a linear combinations of templates
and includes optional flux- and redshift-based priors. In addi-
tion, EAZY introduces a rest frame template error function to ac-
count for wavelength dependent template mismatch. This func-
tion gives di↵erent weights to di↵erent wavelength regions, and
ensures that the formal redshift uncertainties are realistic.

The template set adopted by Muzzin et al. (2013) includes: i)
six templates derived from the PEGASE models (Fioc & Rocca-
Volmerange 1999), ii) a red template from the models of Maras-
ton (2005), iii) a 1 Gyr old single-burst (Bruzual & Charlot 2003)
model to improve the fits for galaxies with post starburst-like

9 http://www.strw.leidenuniv.nl/galaxyevolution/ULTRAVISTA/
10 http://www.astro.yale.edu/eazy/
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Long-Term Monitoring Programs

◼Supernovae
ØKey Program in 1980s

ØSeveral Large Programs 
• Turatto et al., Benetti et al.

ØPublic Spectroscopic Survey
• PESSTO

– 90 nights per year for spectroscopic SN follow-up

– concentrate on peculiar and rare types of supernovae

SN Cosmology | Berlin | 15 April 2016

European Organisation for Astronomical Research in the Southern Hemisphere ESO/Cou-???? 
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The roadmap assumes that the projects currently close to completion do not suffer 
substantial delays with respect to the present schedule.  The most critical ones are 
VLTI infrastructure and AOF, which absorb a considerable fraction of the ESO staff 
effort. Figure 3 shows the status of the Paranal instrumentation in year 2020, 
according to the present programme plan. In 2020, all but four instruments will be 
either new or recently upgraded, and in addition four new projects (three for VLT) will 
be in design or construction to keep the programme active and alive. 
	

	
Figure 3: Paranal Instrumentation configuration in 2020, according to the present plan. All but 
four instruments are new or recently upgraded, 5 new instruments (NEW II-VI in table 2) will be in 
different phases of completion. 
	
4.6 Milestones for the coming projects 
 
The plan described in this section was first introduced in Oct 2011 to the Paranal 
sub-committee and in April 2012 to the STC.  The first version of this plan was 
presented at the STC in April 2013 (ESO/STC-514), it was presented to the wider 
community in the December 2013 ESO Messenger and in 2014 became a Council 
document. The following table summarizes the approval and definition milestones for 
the next period.  As seen from the table below, after the positive answer to the NTT 
call for proposals (and therefore NEW I is SOXS+NIRPS), the sequence of 
instruments and TLRs for the first new VLT project (NEW II) should be ready in next 
year to allow the Call for Tenders.  

Paranal  2020
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6 The Messenger 154 – December 2013

of five years. This is on the short side,  
but not unrealistic. Figure 2 shows the 
 Paranal instrumentation and the project 
development in 2019 according to the 
present plan. In a resource-constrained 
environment, the beginning of new pro-
jects will also have to be subject to satis-
factory completion of existing projects.
If existing projects run late, the new ones 
will be re-planned accordingly.

References

Cirasuolo, M. et al. 2011, The Messenger, 145, 11 
de Jong, R. et al. 2011, The Messenger, 145, 14
Oliva, E. et al. 2012, Proc. SPIE, 84462N

Links

The agendas of Council and STC meetings can be 
found on the ESO web pages: http://www.eso.org/
public/about-eso/committees/

Telescopes and Instrumentation Pasquini L. et al., Paranal Instrumentation Programme

Figure 2. Planned 
 Paranal instrumentation 
in 2019. One new instru-
ment in integration, four 
in design and construc-
tion and one in Phase A 
are also planned at this 
time (see Table 1).

Table 1. Proposed 
development plan for 
the Paranal instrumen-
tation programme.  
One year of Phase A is 
expected to be carried 
out, and the overall 
duration is typically esti-
mated as six to seven 
years. Delivery in the 
last column refers to 
start of integration in 
Paranal for instruments 
or to the end of the inte-
gration for infrastructure 
projects (such as the 
AOF and VLTI). 

Year

2012

2013

2014

2015

2016

2017

2018

2019

2020

Phase A 

CUBES
CRIRES upgrade

Letter of interest
NTT

New I (NTT?)

New II

New III

New IV 

New V 

New VI

Design & Construction

ERIS

MOONS 
CRIRES upgrade

4MOST

CUBES (?)

New I (NTT?)

New II

New III 

New IV 

New V

Delivery

KMOS 
VIMOS upgrade

MUSE
SPHERE

VISIR upgrade 
PRIMA astrometry
GRAVITY 
LFC for HARPS

AOF 
MATISSE

ESPRESSO 
VLTI

CRIRES upgrade

CUBES(?)
MOONS

ERIS
4MOST

New I (NTT?)

UT1 (Antu)

CRIRES
KMOS
FORS2

UT2 (Kueyen)

UVES
MOONS
X-shooter

UT3 (Melipal)

VIMOS
SPHERE
VISIR/CUBES

VISTA

4MOST

VLTI

Amber
GRAVITY
MATISSE
PRIMA

UT4 (Yepun)

MUSE
HAWK-I
ERIS
AOF

ESPRESSO

Paranal >2020

ESO Optical/NIR Telescope System 
after 2020
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The ESO Transient Sky

◼Traditionally challenging for community 
observatories

◼Adapt operational modes
Ø flexible scheduling

Øvariable timescales

Ø large Target of Opportunity fraction

Ø rapid response mode

➔ service mode operations

➔ dedicate telescopes 

◼Systematic archiving
Ø time series
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◼Move towards a systems approach

ØBig problems need coordinated observations
• Milky Way dynamics 
à Gaia astrometry plus velocities and abundances

• Cosmology 
à EUCLID and redshifts

• Particle Physics 
à messengers and electromagnetic follow-up

ØCoordination between different observatories

• Multi-wavelength and multi-messenger approach

• Complex astrophysical sites 
à e.g. star formation regions, SN remnants, galaxy clusters, distant 
universe

Strategic Changes - next decade

SN Cosmology | Berlin | 15 April 2016

SOXS on the NTT

◼Negotiations with a consortium to provide a single-
object spectrograph for the NTT - SOXS
Øcopy of Xshooter

Øsimultaneous coverage from 400nm to 1.8μm

Øsignificant investment of observing time over many years

Øcontinuation of PESSTO-like survey
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Future SN Cosmology

◼Promise of the (rest-frame) infrared
ØReduced absorption

ØGreater uniformity in the light curves

SN Cosmology | Berlin | 15 April 2016

SN Ia infrared light curves

◼ IR light curves from the 
literature

Ømostly Carnegie 
Supernova Project

◼ Individual evolution 
after first maximum

◼Uniform late decline 
rate

1352 S. Dhawan et al.

Figure 7. Complete absolute magnitude light curves in YJH for the 10
objects for which a late decline is measured in all three filters. The figure
illustrates that the decline rates at late times are uniform, whereas there is
a large scatter in the absolute magnitude at +55 d indicated by the vertical
line.

the luminosity of the first peak. We cannot confirm this at any
significance with our data.

Comparison of Figs 3 and 4 reveals that the light-curve evolution
in the Y band is slowest amongst the NIR filters. SNe Ia on average
reach t0 in Y earlier than in J and H, but reach t2 later in the Y
compared to the other filters. The rise time in Y is nearly 4 d longer
than in J and nearly 7 d longer than in H.

The phase and luminosity of the second maximum strongly cor-
relate between the NIR filters (Fig. 8). SNe Ia with a later t2 display
a higher luminosity during the late decline. The luminosity at 55 d
past the B maximum, hereafter referred to as M|55 was chosen to
ensure that all SNe Ia have entered the late decline well past t2. A
choice of a later phase may be more representative of the decline
but would result in a smaller SN sample as not many objects are
observed at these epochs and the decreasing flux results in larger
uncertainties.

In Fig. 9, we plot M|55 against t2 and M2. A clear trend between
M|55 and t2 is present in all filters (Pearson coefficients r of 0.78,
0.92, 0.68 in the YJH, respectively; Fig. 9, left-hand panels). At this
phase, SNe Ia are on average most luminous in Y followed by H
and J, a trend that is already present at M2. This is also reflected in
the NIR colour evolution (see section Section 3.6).

The dispersion in M|55 is large with σ (M|55) = 0.48, 0.51 and
0.30 mag in Y, J and H, respectively. This is not unexpected as it

Figure 8. Phases (left) and luminosity (right) of the second maximum in
NIR filters. There are clear correlations between the filters with the weakest
trend in the H versus J luminosities. The black line is a one-to-one relation.

Figure 9. Left: absolute magnitude at t = 55 d in YJH versus t2. Right:
M|55 compared to the absolute magnitude of the second maximum M2.

MNRAS 448, 1345–1359 (2015)

 at European Southern O
bservatory on M

arch 6, 2015
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 

Dhawan et al. 2015



4/18/16

8

SN Cosmology | Berlin | 15 April 2016

Correlations with the optical

◼ IR properties correlate 
with optical decline rate

◼Phase of secondary 
maximum strongly 
correlated Δm15

A&A 537, A57 (2012)

R=0.9

R=0.12

R=0.8

R=0.08

R=0.8

R=0.07

Fig. 8. The time since B maximum of secondary NIR peak (lower panel)
and the absolute magnitude of secondary peak (upper panel) versus the
∆m15(B). SN 2008fv is represented with large circles, the data from
literature with small open squares. The Pearson coefficients R is also
shown for each panel with the resulting best fit of data (solid line). For
the timing of secondary maximum in J-band, we also plot the prediction
of Kasen (2006) models (solid line and open circles).

to derive the set of relationships between t2 measured in the
NIR bands and ∆m15(B), given by

t2,J = (30.0 ± 2.0) + (−16.2 ± 1.2) · [∆m15(B) − 1.1] , (5)
rms = 2.0 days
t2,H = (25.0 ± 2.7) + (−12.9 ± 1.7) · [∆m15(B) − 1.1] , (6)
rms = 2.5 days
t2,K = (24.4 ± 5.5) + (−14.2 ± 3.5) · [∆m15(B) − 1.1] , (7)
rms = 3.0 days.

Owing to the relatively small number of available observational
data (particularly in the K-band), the coefficients of the equa-
tions need to be improved. Thus, to derive more robust relation-
ships and reduce their values of rms, we need to enlarge the
sample of SNe observed at these wavelengths. For the J-band,
we plot (lower-left panel of Fig. 8) the predictions by Kasen
(2006). In the lower-left panel of Fig. 8, we compare the ob-
served quantities for the J-band with the theoretical models pro-
vided by Kasen (2006, see their Fig. 11). To reach our goal,
we evaluate the 56Ni mass value through the Mazzali et al.
(2007) empirical relation. We found a quite good agreement
with Kasen (2006) models reproducing the mid-range decliners
(1.1 <∼ ∆m15(B) <∼ 1.3), whereas, some discrepancy can be no-
ticed in the ’region’ of the slow decliners (∆m15(B) <∼ 1.) where
the secondary maximum occurs later than expected. In contrast,
SNe having ∆m15(B) >∼ 1.4 show an early appearance of the sec-
ondary NIR peak with respect to the model predictions.

By adopting the nomenclature of Kasen (2006), we derived
the following parameters from the quantities listed in Table 15:
i) the difference in magnitude between the secondary maximum
and the local minimum, M2−M0; and ii) the difference in magni-
tude between the secondary and the primary maximum, M2−M1.
The results of the comparison between the observations and the

Fig. 9. Strength of the secondary maximum in the J-band as a function
of the decline rate ∆m15(B). The symbols are the same as in Fig. 8. The
lower panel shows the difference in magnitudes between the secondary
maximum and the primary maximum, while the upper panel displays
the difference in magnitudes between the secondary maximum and the
local minimum. In each panel, the same quantities predicted by Kasen
(2006) models are plotted for comparison.

models are reported in Fig. 9 as a function of ∆m15(B). In the
upper panel of Fig. 9, a close agreement is also found between
models and data for what concerns the strengths of the secondary
NIR peaks (measured with respect to the local minimum), even
though the relatively wide spread of the involved quantities has
to be taken into account. Finally, we note that the strengths of the
secondary maximum (but now measured with respect to the pri-
mary maximum) does not correlate with the decline rate and, the
observational data are not closely reproduced by the models (see
the lower panel of Fig. 9). Our analysis suggest that additional
parameters, such as e.g. the outward mixing of 56Ni, could also
have strong effects on the secondary maximum, playing a major
role in these relations. This confirms the similar conclusions of
Kasen (2006, in the discussion of his models), and Folatelli et al.
(2010, based on the I-band observations).

As already mentioned, we are still far from achieving a reli-
able and precise description of all the morphology of NIR light
curves of SNe, a goal that will require additional observational
and theoretical efforts.

Before concluding, we take further advantage of the entire
SNe sample collected here by following the idea suggested by
Hamuy et al. (1996a) and Elias-Rosa et al. (2008) for the I-band,
i.e. of searching for alternative characterizations of the SN Ia de-
cline rates by comparing ∆m15(B) with the values of ∆mt(X).

The results are shown in Fig. 10. One of these is that a possi-
ble linear correlation is found between∆m15(J) and the ∆m15(B).
The fit procedure recovers a R ∼ 0.5 and a scatter of about
0.3 mag, if the SN 2004dt is excluded from the sample on the
basis of its spectroscopic and photometric peculiarities (Branch
et al. 2009; Biscardi et al., in prep.). In contrast, no correlation
is observed between ∆m15(H,K) and ∆m15(B).

We also confirm and support the result obtained by Folatelli
et al. (2010) for a sample of 9 SNe in the J and H-band: the tight-
ness of the correlation increases when the ∆m15(B) is compared

A57, page 10 of 16

Biscardi et al. 2012

Dhawan et al. 2015
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Correlation with colour evolution
Phase of second 
maximum and beginning 
of the Lira relation are 
also tightly linked
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tion in ° 3 to derive reddening-free relations between the
decline rate parameter (Phillips 1993) and the peak*m15(B)
absolute magnitudes in BV I and to update our estimate of
the value of the Hubble constant.

2. COLOR EXCESSES AND INTRINSIC COLORS

2.1. E(B[V )Tail
In comparing the color evolution of several apparently

unreddened SNe Ia representing the full range of observed
light-curve decline rates, Lira (1995) found that the B[V
colors at 30È90 days past V maximum evolved in a nearly
identical fashion. This property, which was independently
discerned by Riess et al. (1996a), is illustrated in Figure 1,
where we plot the B[V color evolution from Cerro Tololo
Inter-American Observatory photometry of six SNe Ia
covering a wide range of decline rates (0.87 ¹ *m15(B) ¹
1.93) and which likely su†ered little or no reddening from
dust in their host galaxies. The likelihood of a supernova
being unreddened was judged by three basic criteria : (1) the
absence of interstellar Na I or Ca II lines in moderate-
resolution, high signal-to-noise spectra, (2) the morphology
of the host galaxy (SNe that occur in E or S0 galaxies are
less likely to be signiÐcantly a†ected by dust), and (3) the
position of the supernova in the host galaxy (SNe lying
outside the arms and disks of spirals are more likely to have
low dust reddening). As discussed by Lira, it is not sur-
prising that the colors of SNe Ia at these late epochs are so
similar because their spectra also display an impressive uni-
formity. This is precisely the epoch where the Fe-Ni-Co
core dominates the spectrum that is rapidly evolving into
the ““ supernebula ÏÏ phase (see Phillips et al. 1992).

From a least-squares Ðt to the photometry of four of the
SNe displayed in Figure 1 (1992A, 1992bc, 1992bo, and
1994D), Lira derived the following relation to describe the
intrinsic B[V color evolution

(B[V )0 \ 0.725 [ 0.0118(t
V

[ 60) , (1)

where is the phase measured in days since V maximum.t
VThis Ðt, which is plotted in Figure 1, is valid over the phase

interval and can be applied to any SN Ia with30 ¹ t
V

¹ 90

FIG. 1.ÈB[V color evolution for six SNe Ia that likely su†ered little
or no reddening from dust in their host galaxies. These six events, whose

parameters are indicated in parentheses, cover a wide range of*m15(B)
initial decline rates and peak luminosities. The solid line corresponds to the
Lira (1995) Ðt (eq. [1]) to the color evolution during the phase interval

The epoch of is assumed to occur 2 days before the30 ¹ t
V

¹ 90. Bmaxepoch of (Leibundgut 1988).Vmax

BV coverage extending to at least days to derive ant
V

\ 30
estimate of the color excess E(B[V ). Note in Figure 1 that
individual SNe can display systematic residuals with respect
to the Lira Ðt (i.e., the points lie mostly bluer or redder than
the line), suggesting that there is an intrinsic dispersion
about equation (1). This dispersion amounts to 0.04 mag for
the four SNe used by Lira and 0.06 mag for the six SNe
shown in Figure 1 ; in calculating color excesses from equa-
tion (1), we will adopt a value of 0.05 mag in our error
analysis.

For relatively bright SNe observed with CCDs, the preci-
sion of the photometry obtained at D1È3 months after
maximum is typically still quite good (0.02È0.05 mag).
However, for more distant events, the late-time photometry
coverage tends to be relatively sparse, with typical errors
D0.1È0.2 mag for individual observations, and values of
E(B[V ) derived directly from equation (1) will often have
large associated errors. For such SNe, a better technique is
to use template Ðts of the type employed by Hamuy et al.
(1996c) to derive an estimate of the observed B[V color at
some Ðducial epoch in the interval This value30 ¹ t

V
¹ 90.

can then be compared with the intrinsic color predicted by
equation (1) for the same epoch to derive the color excess.
This procedure has the advantage of using the entire set of
BV photometry to estimate a late-epoch color rather than
just the subset of data obtained at 30 ¹ t

V
¹ 90.

For a sample of 62 well-observed SNe Ia with z ¹ 0.1
consisting of (1) the sample of 29 SNe Ia““ Cala" n/Tololo ÏÏ
published by Hamuy et al. (1996c), (2) 20 SNe Ia published
in Riess et al. (1999), which we will refer to as the ““ CfA ÏÏ
sample, and (3) 13 nearby, well-observed SNe Ia (1937C,
1972E, 1980N, 1981B, 1986G, 1989B, 1990N, 1991T,
1991bg, 1992A, 1994D, 1996X, and 1996bu ; see Table 1 for
photometry references), we have calculated color excesses

TABLE 1

PHOTOMETRY REFERENCES FOR

NEARBY SNE Ia

SN References

1937C . . . . . . . . . . . . . . . . . . . 1
1972E . . . . . . . . . . . . . . . . . . . 2È5
1980N . . . . . . . . . . . . . . . . . . 6
1981B . . . . . . . . . . . . . . . . . . . 7È9
1986G . . . . . . . . . . . . . . . . . . 10
1989B . . . . . . . . . . . . . . . . . . . 11
1990N . . . . . . . . . . . . . . . . . . 12
1991T . . . . . . . . . . . . . . . . . . . 12
1991bg . . . . . . . . . . . . . . . . . . 13, 14
1992A . . . . . . . . . . . . . . . . . . . 15
1994D . . . . . . . . . . . . . . . . . . 16
1996X . . . . . . . . . . . . . . . . . . . 17
1998bu . . . . . . . . . . . . . . . . . . 18

REFERENCES.È(1) Pierce & Jacoby
1995 ; (2) Ardeberg & de Grood 1973 ; (3)
Cousins 1972 ; (4) Eggen & Phillips
(unpublished) ; (5) Lee et al. 1972 ; (6)
Hamuy et al. 1991 ; (7) Barbon, Ciatti, &
Rosino 1982 ; (8) Buta & Turner 1983 ; (9)
Tsvetkov 1982 ; (10) Phillips et al. 1987 ;
(11) Wells et al. 1994 ; (12) Lira et al. 1998 ;
(13) Filippenko et al. 1992 ; (14) Leib-
undgut et al. 1993 ; (15) Suntze† et al.
(unpublished) ; (16) Smith et al.
(unpublished) ; (17) Covarrubias et al.
(unpublished) ; (18) Suntze† et al. 1999.

Phillips et al. 1999

Dhawan et al. 2014
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◼ Second peak in the near-IR is the result of the 
recombination of Fe++ to Fe+ (Kasen 2006)
Ø he predicted a later second maximum for larger Ni masses

◼Optical colour evolution faster for objects with lower 
nickel mass 
(Kasen & Woosley 2007)

◼ Ejecta structure uniform
Ø late declines very similar

➔higher luminosity indicates a higher Ni mass

➔ later secondary peak also indicates higher Ni mass

➔Ni mass and (optical) light curve parameters correlate 
(Scalzo et al. 2014)

Dhawan et al. 2015

Consistent picture emerging

SN Cosmology | Berlin | 15 April 2016

Nickel masses

◼Using a timing parameter for 
nickel masses
Øcompletely independent on 

reddening and multiple light 
curves

◼Test with a sample of 
unreddened SNe Ia

◼Explore different methods to 
calculate the nickel mass
(currently still all 
Chandrasekhar-mass 
progenitors)

Dhawan et al. 2016
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Luminosity and mass functions

◼Reddening independent 
distribution functions
Ø fails for super-Chandra 

objects
• SN 2007if

• Different physics? 
Interactions?

◼Luminosity from second IR 
maximum?

SN Cosmology | Berlin | 15 April 2016

EUCLID

◼Use EUCLID deep fields to provide IR light curves
ØRest frame Y out to z~0.8; J to z~0.5 

◼Monitor/shadow the fields from the ground in the 
optical
ØFull optical light curves

ØExact phases
• Important for the (sparse) IR light curves

◼Spectroscopic follow-up programme
ØFORS2 would be ideal
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Future Facilities

◼MOONS (VLT) and 4MOST (VISTA)
ØMassive multi-object spectrographs

ØFollow-up spectroscopy 
• Host galaxies

• Supernovae?

– ‘random phase’

– No systematic follow-up

◼E-ELT
ØOperational from 2025

ØFirst-light instruments
• HARMONI – spectrograph 

• MIKADO – camera (0.8-2.4µm)

Ø Individual objects (0.5-2.4µm)

ØHigh redshift

SN Cosmology | Berlin | 15 April 2016Astronet  – EWASS,  24  June  2015 22

Astronomy in the 2020s

◼OIR sky measured to ~25 mag

◼Thousands of transient alerts per day

◼Matching capabilities at (almost) all other wavelengths
Øangular resolution

Øsensitivity

Øsky coverage

◼Astroparticle detections 

◼Diverse astronomical community with considerable 
overlap with other sciences (chemistry, biology)


