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Mo/va/on	
  SNT	
  WG-­‐	
  Summary:	
  NIR	
  from	
  space	
  
•  SN	
  Cosmology	
  (Type	
  Ia)	
  

–  Well-­‐proven	
  distance	
  indicators	
  for	
  cosmology	
  
–  Independent	
  measure	
  of	
  DE	
  parameters	
  by	
  Euclid	
  with	
  high	
  z	
  SNIa	
  
–  limi6ng	
  factor	
  in	
  SN	
  cosmology	
  :	
  dust	
  vs	
  intrinsic	
  colour	
  varia6ons	
  

•  SN	
  rates	
  (of	
  all	
  Types)	
  
–  Get	
  accurate	
  rate	
  measurements	
  (even	
  in	
  ex6ncted	
  regions)	
  
–  Relate	
  rates	
  with	
  parent	
  galaxies,	
  using	
  the	
  Euclid	
  database	
  
–  Rates	
  give	
  constraints	
  on	
  progenitor	
  models,	
  universal	
  star	
  forma6on	
  

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	
  	
  

•  Other	
  transients,	
  eg:	
  AGN/Quasars	
  



Euclid	
  SN	
  survey	
  priori/es	
  
•  Basic	
  goal:	
  a	
  significant	
  gain	
  over	
  exis/ng	
  SN	
  surveys	
  

–  In	
  par6cular	
  SNLS	
  and	
  DES	
  

•  Euclid	
  has	
  the	
  poten6al	
  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	
  6me,	
  the	
  most	
  interes6ng	
  op6on	
  is	
  the	
  

“AAA	
  survey”	
  è	
  DESIRE	
  paper	
  	
  
–  Reaches	
  high	
  redshi_	
  :	
  up	
  to	
  z	
  ~	
  1.5	
  
–  Cannot	
  be	
  done	
  from	
  the	
  ground	
  	
  	
  



DESIRE	
  with	
  EUCLID	
  +	
  LSST	
  

	
  
NB:	
  2*	
  6	
  months	
  (use	
  half	
  6me	
  è	
  total	
  6	
  months	
  up-­‐6me)	
  



FOM	
  >	
  200	
  



Published	
  by	
  A&A	
  december	
  	
  2014	
  	
  

DESIRE	
  paper	
  is	
  out	
  !	
   	
  	
  	
  	
  	
  	
  arxiv	
  1409.8562	
  



Euclid Definition Study 

LSST 

Eclip6c	
  Coord 

Euclid 

	
  
EUCLID	
  	
  NIR	
  +	
  	
  Broad	
  visible	
  bands	
  
	
  



LSST	
  Deep	
  



DESIRE:	
  
An	
  ultra	
  deep	
  survey!	
  

	
  final	
  stacked	
  depth	
  	
  
28	
  to	
  28.5	
  mag	
  	
  

(AB,	
  5	
  σ	
  point	
  source	
  limit)	
  



DESIRE	
  Status	
  

-­‐  Wai6ng	
  for	
  EUCLID	
  decision	
  >	
  2015!	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ECB:	
  	
  	
  Call	
  for	
  addi6onal	
  surveys	
  late	
  2015	
  ?	
  

-­‐  Depends	
  	
  also	
  on	
  LSST	
  for	
  final	
  physics	
  
	
  	
  	
  	
  	
  AND	
  	
  	
  
-­‐	
  	
  	
  Follow-­‐up	
  spectrometry	
  	
  !	
  
	
  
-­‐	
  	
  Other	
  transient	
  science	
  ?	
  



AGN	
  Reverbera/on	
  mapping	
  
•  Measuring	
  the	
  broad	
  line	
  lags	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  à	
  Best	
  determina6on	
  of	
  	
  BH	
  mass	
  
•  R-­‐L	
  rela6on	
  à	
  Single-­‐epoch	
  BH	
  mass	
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Fig. 1 Optical continuum (top) and broad Hβ emission-line (bottom) light curves for Mrk
335. The variations in Hβ follow those in the continuum by 13.9 ± 0.9 days. Grier et al.
(2012a,2012b).

Some very basic observations allow us to make several simplifying assumptions:

1. The emission lines respond rapidly to continuum changes (Figure 1), showing that
the BLR is small (because the light-travel time is short) and the gas density in the
BLR is high (so the recombination time is much shorter than the light-travel time).
It is also noted that the dynamical timescale (of order RBLR/∆V ) of the BLR is
much longer than the reverberation timescale (of order RBLR/c), so the BLR is
essentially stationary over a reverberation monitoring program.

2. The continuum-emitting region is so small compared to the BLR it can be consid-
ered to be a point source. It does not have to be assumed that the continuum emits
isotropically, though that is often a useful starting point.

3. There is a simple, though not necessarily linear or instantaneous, relationship be-
tween variations of the ionizing continuum (at λ < 912 Å) and the observed con-
tinuum (typically at λ ∼ 5100 Å). The fact the reverberation works at all justifies
this at some level of confidence.

3.2.2 The Transfer Equation

Over the duration of a reverberation monitoring program, the continuum behavior over
time can be written as C(t) = ⟨C⟩+∆C(t) and the emission-line response as a function
of line-of-sight velocity VLOS is L(VLOS, t) = ⟨L(VLOS)⟩+ ∆L(VLOS, t) where ⟨C⟩ and
⟨L(VLOS)⟩ represent mean values. On a reverberation timescale, both continuum and
emission-line variations are usually rather small (typically ∼ 10–20%) so even if their
relationship is non-linear, it can be modeled as linear on short timescales. In this case,
the relationship between the continuum and emission-line variations can be written as

∆L(VLOS, t) =

∫

Ψ(VLOS, τ)∆C(t − τ) dτ, (1)

which is usually known as the “transfer equation” and Ψ(VLOS, τ) is the “transfer
function.” Inspection of eq. (1) shows that Ψ(VLOS, τ) is the observed response to a
δ-function continuum outburst.

12

4 Reverberation-Based Black Hole Masses

4.1 Virial Mass Estimates

For every AGN for which emission-line lags and line widths have been measured, con-
sistency with the “virial relationship” is found (Peterson & Wandel 1999, 2000; Kol-
latschny 2003a; Peterson et al. 2004; Bentz et al. 2010a). This also appears to be true
when the lag and line width are measured for the same emission line when the AGN is
in very different luminosity states. This strongly suggests that the BLR dynamics are
dominated by the central mass, which is then

MBH = f

(

∆V 2R
G

)

, (9)

where ∆V is the line width and R is the reverberation radius cτ . The quantity in paren-
theses that contains the two directly observable parameters has units of mass and is
sometimes referred to as the “virial product.” The effects of everything unknown —
the BLR geometry, kinematics, and inclination — are then subsumed into the dimen-
sionless factor f , which will be different for each AGN, but is expected to be of order
unity. Presumably, individual values of f can be determined if there is some other way
of determining the black hole mass. In the absence of a second direct measurement,
it has been common practice to use the MBH–σ∗ relationship for this purpose. The
relationship between central black hole mass and bulge velocity dispersion that is seen
in quiescent galaxies (Gebhardt et al. 2000a; Ferrarese & Merritt 2000) is also seen
in AGNs (Gebhardt et al. 2000b; Ferrarese et al. 2001; Nelson et al. 2004) though, of
course, the host-galaxy velocity dispersions are are much more difficult to measure in
AGNs because of the bright active nucleus and because even the nearest AGNs are
typically quite distant (Dasyra et al. 2007; Watson et al. 2008). By assuming that the
MBH–σ∗ relationship is the same in quiescent and active galaxies, it becomes possible
to compute a mean value for the scaling factor, which turns out to be ⟨f⟩ ∼ 5 (Onken
et al. 2004; Woo et al. 2010; Park et al. 2012), although it is noted that Graham et
al. (2011) argue that in practice this process has been oversimplified. Figure 7 shows
the MBH–σ∗ relationship for quiescent galaxies and AGNs using the assumption that
⟨f⟩ = 5.25. The scatter around this relationship amounts to about ∼ 0.4 dex, which is
a reasonable estimate of the accuracy of the “virial method” of estimating black hole
masses.

Sometimes concern is expressed that the empirical value of ⟨f⟩ seems uncomfort-
ably large for a truly virialized system. However, it must be kept in mind that AGN
unification stipulates that Type 1 AGNs are generally observed at low values of incli-
nation, much closer to face-on than edge-on. Actually, the fact that ⟨f⟩ is as small as it
is tells us that the BLR must have a fairly significant velocity component in the polar
direction; it is surely not a flat disk.

To return to a point made earlier, reverberation mapping is a direct measure of
black hole mass, but it is a secondary method because, at the present time, it relies on
an independent method, the MBH–σ∗ relationship, to calibrate the mass scale through
determination of ⟨f⟩.

Broad line 
region (BLR) 



 
AGN and quasars:  

a new cosmology probe? 
 

Tight	
  rela/onship	
  between	
  AGN	
  
	
  luminosity	
  and	
  	
  

radius	
  of	
  broad	
  line	
  region	
  from	
  reverbera/on	
  mapping	
  	
  /me	
  delays.	
  

Watson	
  2012	
  

Denney	
  AAS	
  2012	
  



Hubble	
  Diagram	
  
for	
  38	
  AGN	
  with	
  /me	
  lag	
  Hβ	
  vs	
  con/nuum	
  



Luminosity	
  distances	
  	
  
AGN	
  	
  vs	
  WMAP7	
  

Compare	
  with	
  SNIa	
  !	
  

Watson	
  2012	
  



Comparison	
  with	
  SNIa	
  (simula/on)	
  
Denney	
  AAS	
  2012	
  



Quasar	
  	
  RM	
  	
  in	
  Euclid?	
  

•  Calibra/on	
  field	
  cadence	
  once/month	
  
è 	
  60	
  epochs	
  over	
  5	
  years	
  
è 	
  good	
  6me	
  delay	
  	
  for	
  high	
  redshi_	
  bright	
  	
  quasars	
  
è 	
  Hβ	
  or	
  C	
  IV	
  or	
  Mg	
  II?	
  	
  	
  	
  	
  

•  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 

Two decades of effort !! 

The limitations of the current RM 
sample severely impact the reliability of 
the single-epoch BH mass estimators at 
high-redshift. 
 
Desperately need to improve the RM 
sample, in a more efficient way.  

SDSS	
  :	
  849	
  AGN/quasar	
  RM	
  followed	
  in	
  2014A	
  	
  
+	
  CFHT,	
  Bok,	
  Mayall	
  photometry	
  
	
  
	
  Program	
  con6nues	
  …	
  part	
  of	
  eboss	
  



SDSS-­‐RM	
  in	
  a	
  nutshell	
  
•  Mo6va6on:	
  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	
  deg2	
  field	
  with	
  the	
  
SDSS-­‐BOSS	
  spectrograph	
  

•  Dense	
  photometric	
  light	
  
curves	
  since	
  2010-­‐	
  

The	
  Sloan	
  Digital	
  Sky	
  Survey	
  Reverbera/on	
  Mapping	
  (SDSS-­‐RM)	
  Project	
  (PI:	
  SHEN)	
  





Pair	
  Instability	
  SNe	
  	
  

Stars	
  140	
  -­‐	
  260	
  M⊙	
  end	
  as	
  	
  	
  	
  pair-­‐instability	
  supernovae	
  (PISNe).	
  
	
  
-­‐	
  High	
  temperatures	
  and	
  low	
  densi6es	
  è	
  electron-­‐positron	
  pair	
  produc6on.	
  
-­‐  Rapid	
  conversion	
  of	
  pressure-­‐suppor6ng	
  radia6on	
  
	
  	
  	
  	
  	
  	
  è	
  	
  hydrosta6c	
  instability	
  	
  
	
  	
  	
  	
  	
  	
  è	
  	
  	
  run-­‐away	
  nuclear	
  explosion	
  
	
  
	
  	
  	
  	
  	
  +	
  	
  peak	
  energies	
  ~	
  1044	
  erg	
  	
  
	
  	
  	
  	
  +	
  slow	
  light	
  curve	
  evolu6on	
  (radia6ve	
  decay	
  of	
  56Ni).	
  
	
  	
  

Wikipedia	
  



PISN	
  have	
  been	
  discovered	
  ?	
  

Several	
  	
  Candidates	
  

SN2006gy	
  ?	
  	
  

-­‐  	
  SN	
  2007bi	
  at	
  z	
  =	
  0.123	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Gal-­‐Yam	
  et	
  al.	
  2009	
  
	
  
-­‐	
  	
  	
  	
  SN	
  2213	
  -­‐1745	
  at	
  z	
  =	
  2.05	
  	
  	
  	
  	
  	
  	
  	
  	
  Cooke	
  et	
  al.	
  2012	
  	
  
-­‐	
  	
  	
  	
  SN	
  1000+0216	
  at	
  z=3.9(?)	
  
	
  

Wikipedia	
  



SN2007bi	
  
Recognised	
  ini6ally	
  as	
  SNIc	
  

Gal-­‐Yam	
  et	
  al.	
  2009	
  

SNFactory	
  



SLSN	
  	
  in	
  CFHT	
  Deep	
  field	
  



Probe	
  of	
  first	
  genera/on	
  stars	
  ?	
  

+	
  	
  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.	
  
	
  

+	
  PSNe	
  probe	
  the	
  masses	
  of	
  the	
  first	
  genera6on	
  of	
  stars	
  
	
  (Meiksin	
  &	
  Whalen	
  2013;	
  Whalen	
  et	
  al.	
  2013b,g,i;	
  Chatzopoulos	
  &	
  Wheeler	
  
2012b;	
  Mesler	
  et	
  al.	
  2014;	
  Chen	
  et	
  al.	
  2014).	
  



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	
  ac/vi/es	
  
•  Main	
  focus	
  	
  so	
  far	
  :	
  survey	
  strategy	
  to	
  deliver	
  an	
  exci6ng	
  SN	
  

program	
  
-­‐	
  	
  	
  	
  Focus	
  on	
  SNIa	
  cosmology	
  

ASD	
  document	
  è	
  DESIRE	
  paper	
  A&A	
  dec	
  2014	
  
-­‐	
  	
  	
  	
  Other	
  SN	
  science	
  (rates,	
  explosion	
  physics…)	
  follows	
  
	
  

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

•  OULE3	
  ac/vity	
  	
  ?	
  	
  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…	
  
	
  


