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Motivation SNT WG- Summary: NIR from space

SN Cosmology (Type la)
— Well-proven distance indicators for cosmology
— Independent measure of DE parameters by Euclid with high z SNIa
— limiting factor in SN cosmology : dust vs intrinsic colour variations

* SN rates (of all Types)

— Get accurate rate measurements (even in extincted regions)
— Relate rates with parent galaxies, using the Euclid database

— Rates give constraints on progenitor models, universal star formation
history, etc,...

* SN physics (of all Types)

— Unusual objects, over- and under- luminous SNe, hyper luminous Sne,
PISNe

— all tell us about explosion physics and environments

e Other transients, eg: AGN/Quasars



Euclid SN survey priorities

Basic goal: a significant gain over existing SN surveys
— In particular SNLS and DES

Euclid has the potential to provide the first NIR survey for SNe from
space

Provides an independent Euclid probe of cosmology with FOM >200

With 6 months of observing time, the most interesting option is the
“AAA survey” =» DESIRE paper

— Reaches high redshift :uptoz~ 1.5

— Cannot be done from the ground



DESIRE with EUCLID + LSST

Table 4. Main parameters of the simulated surveys.

Zmin  Zmax area duration events

(degz) (months)
DESIRE 0.75 1.55 10 2x6 1740
LSST-DDF | 0.15 0.95 50 4x6 8800
Low z 0.05 035 3000 6 8000

NB: 2* 6 months (use half time = total 6 months up-time)



FOM > 200
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Fig. 12. Redshift distribution of events for various surveys. For th ™% ©' Table 5. Cosmological performance of the simulated surveys.
SDSS and SNLS, the distributions sketch the total sample of spectro- owe) 7, olwy) FOVN

scopically identified events eventually entering the Hubble diagram.

“DES 5" and “DES 10" refer respectively to the “hybrid.5" and “hy brid- VI DESRE | 022 025 002 \2032)
10" strategies studied in Bernstein et al. (2012), where the baseline is low-z + LSST-DDF 028 022 0026 137.1
hybrid-10. “LSST-SHALLOW?”, “LSST-DDF" and “DESIRE" refer to LSST-DDF + DESIRE | 040 035 0031 814
the three prongs studied in this proposal. Notes. The FoMs assume a 1-D geometrical Planck prior and flatness.

z, is the redshift at which the equation of state uncertainty reaches
its minimum o(w,). The FoM is defined as [Det(Cov(wy, w,))]""* =
[a{w,.)a-(w,,)]" and accounts for systematic uncertainties. The contri-
butions of the main systematics are detailed in Table 6.



DESIRE paper is out ! arxiv 1409.8562

Published by A&A december 2014

Extending the supernova Hubble diagram to z ~ 1.5 with the Euclid
space mission

C. Balland', M. Brescia’, E Cappellaro’, R. G. Cartherp?, S. Cavuott®, M. Della Valle™ ¢ E Gangler’,
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ABSTRACT

We forecast dark energy coastraings that could be obtained from a new larpe sammpie of Type la supemovie whene thoee & high edshin
are acquized with the Faciid space mssion. We simuliake 2 three-prong SN sirvey: a z < 035 nearby sammple (2000 SNeL a02 <z <
095 inermodiale Somple (S800 SNe), and 2 075 < ; < 1.55 high; sampie (1700 SNe ). The neady and inkermediale sune ys o
assumed o be conducted from the ground, whilke e high-7 is 2 Joint ground- and space-basad sune y. This latter sunwey, e "Dark
Frergy Supemova Infra-Red Px pertmeat™ (DESIRE), & designed 10 0t within 6 months of Paciid observing time, with a dodicated
observing programme. We simulate e SN events as they would be obsened & rolling -scarch mode by variouws Insrumenes,
and derhe e quality of ex peded cosmological constraints. We account for known sysiematic uncertainties, in perticular calibeation
wncertaintics including their contribution Srough the training of the supemova model wsed 10 8t the supemovae light curves. Using
corervative asumptions and 2 1-D geometric Planck prior, we find that the ensembie of suneys would yiedd competithe constraings:
2 constan! equation of state parameter cn be constrained 10 o(w) -~ 0.022, and a Derk Fnergy Task Foroe figue of mert of 203
found for a two-parameter oguation of state. Owr simuiations thus indicate that Fuclid can bring a significant contribution o a purcly
peome rical cosmology corstraint by exiending a high-guality SN Ia Hubbie diagram 10 ; ~ 1.5 We also peeseat other science fopics
enabled by the DESIRE Fuclid observations.



Complementary Observations with LSST
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LSST Deep

Table 3. Simulated depths per visit of the LSST Deep Drilling Fields

g r 1 z y4
depth (507) 2647 2635 2596 2550 2451
Exp. time (s) | 300 600 600 780 600

Notes. The exposure times refer to dark and otherwise average observ-
ing conditions. The y4 filter is the widest considered option for the
LSST y-band.
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Fig. 8. Precision of light curve amplitudes as a function of redshift for
the 5 bands of the LSST deep-drilling-fields survey, assuming a 4-day
cadence with the depths from Table 3. At the anticipated depth, the con-
tribution of the y4 band is marginal for distances to SNe. It however
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Table 2. Depth of the visits simulated for the DESIRE survey.

1 z y J H
Depth (50) 2605 25.64 2551 2583 26.08
Exp. time (s) 700 1000 1200 2100 2100

Notes. Depth (5o for a point source) and exposure times at each visit for
a 4-day cadence of the proposed DESIRE joint SN survey. The exposure
times for LSST 7 and z bands assume nominal observing conditions. For
Euclid NIR bands, the exposures times are the ones that would deliver
the required depth in a single exposure, if such long exposures are tech-
nica]]y possib]e. The S/N calenlatione are decerihad in anmendix A
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Fig. 5. Precision of light curve amplitudes as a function of redshift for
the 5 bands of the DESIRE survey, assuming a 4-day cadence with the
exposure times of Table 2. To fulfill the requirements in §2.3, i-band
! isuseduptoz = 1, z-band up to z = 1.2, and distances at z = 1.5
- rely mostly on J- and H-band. For y, J and H bands, these calculations
assume a reference image gathering 60 epochs in Euclid.



DESIRE Status

Waiting for EUCLID decision > 2015!
ECB: call for additional surveys late 2015 ?

Depends also on LSST for final physics
AND

Follow-up spectrometry !

Other transient science ?



AGN Reverberation mapping

 Measuring the broad line lags
— Best determination of BH mass
* R-L relation = Single-epoch BH mass
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AGN and quasars: Watson 2012
a new cosmology probe? ..., as2012

Luminosity Relationship
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e LAMP Bentz et al. (2009, ApJ, 705, 199)
e MDM Denney et al. (2010, ApJ, 721, 715)
® Bentz et al. (2009, ApJ, 697, 160)

A NEW COSMOLOGICAL DISTANCE MEASURE USING AGN
D. WATsON, K. D. DENNEY, M. VESTERGAARD
( N\ ] rk Cosmology Centre, Niels Bohr Institute, University of Copenhagen, Juliane Maries Vej 30, DK-2100 Copenhagen @, Denmark
darachfdark-cosmology.dk, kellyBdark-cosmolegy.dk, vester@dark-cosmology.dk
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ABSTRACT

curate distances to celestial objects are key to establishing the age and energy density of the Universe and

ature of dark energy. A distance measure using active galactic nuclei (AGN) has been sought for more

forty years, as they are extremely luminous and can be observed at very large distances. We report here

iscovery of an accurate luminosity distance measure using AGN., We use the tight relationship between the

10sity of an AGN and the radius of its broad line region established via reverberation mapping to determine 104 1042 1043 1044 104 1046

iminosity distances to a sample of 38 AGN. All reliable distance measures up to now have been limited to

rrate redshift—AGN will, for the first time, allow distances to be estimated to z ~ 4, where variations of )\L)‘ (51 00 A)

energy and alternate gravity theories can be probed. . . . . . . .

= graviy P Behind the Radius-Luminosity Relationship — The BLR size, R, scales

tightly with the nuclear luminosity, R~L® --- a consequence of the photoionization
physics responsible for regulating the production of line emission from the BLR.
This physics dictates that U = L,,/(4mR?nc), where U is the BLR ionization
parameter, L, is the ionizing luminosity, and n is the BLR gas density. The
empirically-calibrated relation based on reverberation measurements shows a
tight correlation with a slope consistent with the phyical expectation of R~L%5.

— «a=0.536+0.034

...... Kaspi+ 2005

.- Plot courtesy M. Bentz _|
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Tight relationship between AGN
luminosity and
radius of broad line region from reverberation mapping time delays.



Hubble Diagram
for 38 AGN with time lag HP} vs continuum
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FIG. 2.— The AGN Hubble diagram. The luminosity distance indicator 7/+/F is plotted as a function of redshift for 38 AGN with H3 lag measurements. On
the right axis the luminosity distance and distance modulus (;n—M) are shown using the surface brightness fluctuations distance to NGC 3227 as a calibrator. The
current best cosmology (Komatsu et alJ2011) is plotted as a solid line. The line is not fit to the data but clearly follows the data well. Cosmologies with no dark
energy components are plotted as dashed and dotted lines. The lower panel shows the logarithm of the ratio of the data compared to the current cosmology on
the left axis, with the same values but in magnitudes on the right. The red arrow indicates the correction for internal extinction for NGC 3516. The green arrow
shows where NGC 7469 would lie using the revised lag estimate from [Zu et al] (201T). NGC 7469 is our largest outlier and is believed to be an example of an
object with a misidentified lag
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AGN vs WMAP7

Watson 2012

TABLE 1

SCATTER IN THE AGN HUBBLE DIAGRAM

Source of scattelFl Current  Can be reduced to

(predicted with AGN distance indicator)

10 | + -

Pard | M e M ededendededed )

10 100

1000

(from current best cosmology)

F1G. |.— Comparison of AGN-derived distances to Hubble distances based
on the best current cosmology (Komatsu et al.J2011). The dotted line is the
equality of both distances. The AGN distance estimates follow the best cur-
rent cosmology Hubble distances to good accuracy

Observational 0.14 (0.36) 0.05(0.13)
Extinction 0.08 (0.20) 0.04 (0.10)
Bad lags 0.11(0.28) 0.00 (0.00)
Other 0.05(0.13) 0.05(0.13)
Total 0.20 (0.50) 0.08 (0.20)

“Root mean square scatter in dex (mag)

Compare with SNla !



Comparison with SNla (simulation)

Denney AAS 2012
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Quasar RM in Euclid?

* Calibration field cadence once/month

=» 60 epochs over 5 years

=» good time delay for high redshift bright quasars
=> Hyor CIVor Mg lI?

* To be studied more carefully

High z, high luminosity quasars: Time delays can be long
from a few days to months!



Statistics of the RM AGN sample

~50 AGN with RM lag measurements
Two decades of effort !! %
O almost exclusively at z<0.3

Q Most are Hp lags with some CIV

The limitations of the current RM lags and little/no Mgll lags

sample severely impact the reliability of
the single-epoch BH mass estimators at | @ Sample heterogeneous, and does

high-redshift. not uniformly sample the AGN
parameter space (luminosity,
Desperately need to improve the RM emission line properties)

sample, in a more efficient way.

—

SDSS : 849 AGN/quasar RM followed in 2014A
+ CFHT, Bok, Mayall photometry

Program continues ... part of eboss



SDSS-RM in a nutshell

 Motivation: expanding the
RM AGN sample in both size
and luminosity range

* Simultaneous monitoring
849 quasars at 0.1<z<4.5 in
a single 7 deg? field with the
SDSS-BOSS spectrograph

1 [213.69814,53.07244}

* Dense photometric light
curves since 2010-

The Sloan Digital Sky Survey Reverberation Mapping (SDSS-RM) Project (Pl: SHEN)



SDSS-RM Data Coverage
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Pair Instability SNe

Wikipedia

Stars 140 - 260 M© end as pair-instability supernovae (PISNe).

- High temperatures and low densities =2 electron-positron pair production.
- Rapid conversion of pressure-supporting radiation

=» hydrostatic instability

=» run-away nuclear explosion

+ peak energies ~ 10* erg
+ slow light curve evolution (radiative decay of 56Ni).



PISN have been discovered ?

Several Candidates
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typical Type la

SN2006gy ?

Wikipedia
- SN 2007biatz=0.123 Gal-Yam et al. 2009

- SN 2213-1745 atz=2.05 Cooke et al. 2012
- SN 1000+0216 at z=3.9(?)



SN2007bi

Recognised initially as SNIc
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Relative Flux

SLSN in CFHT Deep field
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Probe of first generation stars

+ PSNe probe the masses of the first generation of stars
(Meiksin & Whalen 2013; Whalen et al. 2013b,g,i; Chatzopoulos & Wheeler
2012b; Mesler et al. 2014; Chen et al. 2014).

+ Stars with masses > 150M have also been found,
including some with masses greater than 300 M
Humphreys& Davidson 1979; Davidson & Humphreys 1997; Crowther et al. 2010.

Very massive stars in R136 and NGC 3603 741
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PISNe visible in the near infrared (NIR)
up to z~ 15 - 20!
Visible by JWST, WFIRST, ELTs...

Kasen et al. 2011; Whalen et al. 2013a; Hummel et al. 2012; Pan et
al. 2012; Whalen et al. 2013e,f, 2014; de Souza et al. 2013, 2014,....

and of course:

EUCLID !



SN & Transients SWG activities

Main focus so far : survey strategy to deliver an exciting SN
program

- Focus on SNla cosmology
ASD document =» DESIRE paper A&A dec 2014

- Other SN science (rates, explosion physics...) follows

Other Transient (eg: RM quasar, PISN) under study

OULE3 activity ? Lead for transient WP?

OU/NIR has already taken into account the SNT requirements in
its own requirements. A Transient WP exists...

OU-VIS/MER contacted...



