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VIS 

~0.7 deg 

High-resolution imaging (0.1’’ pixel) 
RIZ filter (0.55-0.92 µm), AB=24.5 

Y, J, H imaging, 0.3’’ pix, AB=24 
Slitless spectroscopy  
1.1 – 2 µm, R~300 
F>3x10-16 ergs cm-2 s-1, HAB<19.5 

NISP 

SDSS 
-1.5 Gyr 

Euclid 
-6.5 Gyr 



Deep  
~20 deg2 

Wide 15,000 deg2  Deep  
~20 deg2 

Galaxies & AGNs (0<z<8+) 
Statistics: ~2 billion (imaging) + ~50 million (spectra) 
→ G(z, L, M*, Z, SFR, age, AGN, structure, environment) 
Multidimensional distribution functions  

Galaxies & AGNs (0<z<8+) 
Rarest (L, M*, Z, SFR, …) (103-4+) 
Highest-z (e.g. 1000+ LBGs @z>7, AGNs) 
Comparison with galaxy formation models 

Clusters of galaxies 
Statistics 
Highest redshifts (z>2) 
Cosmological applications 

Strong Lensing 
300,000+ 
Mass profiles 

CMB cross-correlations 
ISW tests 

MW & Local Universe 
Resolved stellar populations 
Low-mass objects 

Additional  
Surveys (TBD) 
Supernovae 
Exoplanets  



NIR Spectroscopy  
Ü  3D-HST: 248 orbits of HST grism over 600 sq.arcmin, PSF FWHM 0.13"  
on well studied "CANDELS" fields (GOODS-S, UDS, EGS, COSMOS)  
à 10 000 redshifts at z>1, SFR>1.5 M⊙yr－1 at z=1 and 15 M⊙yr－1 at z=2 
à JWST/NIRSPEC will increase the depth but on known targets ! 
 
Euclid:  DEEP 300 000 galaxies 1.06<z<2.05 (SFR>20 M¤yr-1) 

  WIDE 1 million  
à  Hα LF with 0.4% precision down to 0.1L* at z=1.5 
à  multi-parameter physics : SFR vs mass and redshift  
⇒  AGN  BPT AGN selection [OIII]/Hβ vs [NII]/Hα) for bright enough galaxies 

where the separation of [NII] vs Hα is feasible (F(Hα)>10-15 erg.s-1cm-2)	



VIS Morphology 
Ü  HST:   100s galaxies at z>1  
Euclid   x10 000 for galaxies with zspec !  

   x 500 000 for galaxies with zphot !  
⇒  merger rate up to z~6 instead of z~1 
⇒  merger / AGN connection   

Euclid in context 



z=0        
       

 
       
                                 z=1.5 (-10 Gyr) 

? 



Buitrago et al., 2013	



• Based on 1082 objects
(SDSS + Palomar Observatory 
Wide-Field Infrared/Deep2+ 
Goods Nicmos Survey) 	



• Euclid: 
morphology for 2 
billion galaxies	



Morphological evolution of galaxies  (WP4  P.A.Duc)	
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Today	
  70%	
  of	
  massive	
  galaxies	
  are	
  ellip;cals	
  
but	
  at	
  z>1	
  they	
  were	
  a	
  minority	
  !!!	
  



Morphological evolution of galaxies	



• High distant disks are
more gas rich and 
clumpy	



• Merger rate redshift evolution highly debated: based on pairs
(with assumed merging scale), fraction of perturbed galaxies, etc...	





Bournaud et al., 2011	



• A merger at z=2

• Mergers et z=0

Duc et al., 2012	



➡  Prominent tidal tails no longer visible	



Morphological evolution of galaxies	





Issues specific to Euclid	



• VIS: one single visual very broad band

What is the impact on morphological classification?	



• NIR: several filters, but worse spatial resolution
Will they be useful for distant (z>2) galaxies?	
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Euclid imaging performance	



• VIS: 0.17’’ FWHM; 0.1’’/px
• NIR: 0.3’’/px
➡  resolution of 1.3 kpc for distant galaxies	


➡  same resolution as SDSS images at z=0.05 at z=1	





Courtesy: J. Brinchmann


Euclid High-resolution Imaging (VIS Instrument) 

WFC3 

ACS 

WFPC-2 

x1500 



What will be the limiting surface brightness of Euclid?	



Galaxy morphological classification and surface brightness limit	



• Classification depends on limiting surface
brightness even in the nearby Universe !	



SDSS:  an E	



MegaCam: a spiral! MegaCam: a major	


merger remnant! 	



SDSS: a fully relaxed 
ETG 	



MATLAS/Atlas3D survey: Duc et al., 2013	





Galaxy morphological classification and surface brightness limit	



• Simulations of
model galaxies	



Disk, a:b=0.7	



Courtesy: Stéphane Paulin-Henriksson	


Euclid-CEA-IDL	



➡  Euclid will resolve 1/3 of the Reff of a 5x1010 Mo galaxy at z=2	





Galaxy morphological classification and surface brightness limit	



Nearby z=0 early-type spirals simulated into the Hubble UDF 
Coutesy: C Conselice	



• Projecting nearby galaxies at higher redshift, and simulated them at Euclid resolution



Courtesy: Sami Niemi	


WL-SWG	



Galaxy morphological classification and surface brightness limit	



• Simulations of
distant HST galaxies 
at Euclid resolution  

➡ The need for «realistic» 
Euclid images....	





• Eye classification à la Galaxy zoo?

Identifying relevant parameters for morphological classification	



150 000 persons have classified 50 million galaxies	





Concentration (C) the scale or mass 
Asymmetry     (A) major mergers 
Clumpiness     (S) star formation 

Asymmetry (A) 

Clumpiness (S) 

Concentration (C) 

Conselice (2003) 

Identifying relevant parameters for morphological classification	



• CAS system

• Gini system

• Single parameters: Sersic profile fitting

I(R) = Ie exp(-b [ (R/Re)1/n - 1 ] ) 

Uniform or patchy brightness	



• Color of galaxies?



Ellison et al., 2013	



Galaxy morphologies: the gain of having large statistics	



• As shown by the SDSS:
AGN fraction vs galaxy pairs	





WP9:	
  	
  Ac$ve	
  Galac$c	
  Nuclei
Coordinator:	
  Stéphanie	
  Juneau	
  (CEA)	
  

<<pc	
  

1-­‐10kpc	
  

>Mpc	
  

AGN	
  iden$fica$on	
  
	
  	
  	
  	
  à	
  AGN	
  Database	
  useable	
  by	
  all	
  other	
  WPs	
  

AGN	
  studies:	
  
• AGN	
  triggering/feedback
• AGN	
  obscura$on
• BH	
  masses,	
  BH	
  growth	
  budget
• Connec$on	
  with	
  host	
  galaxies
• Connec$on	
  with	
  environment

Probe	
  of	
  luminous	
  objects	
  with	
  more	
  sensi$vity	
  than	
  current	
  all-­‐sky	
  
AGN	
  surveys	
  	
  (+	
  get	
  host	
  galaxy	
  proper$es!)	
  	
  

Improved	
  understanding	
  of	
  the	
  Black-­‐Hole	
  –	
  Galaxy	
  connec$on	
  
during	
  the	
  peak	
  epoch	
  of	
  ac$vity	
  (z~2)	
  



WP9	
  (AGN):	
  Methods	
  
• Euclid	
  	
  “internal”	
  iden$fica$on	
  of	
  AGNs:

– NIR	
  spectroscopy
• Broad	
  lines	
  (type	
  1):	
  106	
  at	
  0.7<z<9
• Narrow	
  lines	
  (type	
  2):	
  0.6-­‐2x104	
  from	
  [NII]/Hα;	
  7x104	
  from	
  [OIII]/Hβ

– Imaging
• Point-­‐sources	
  (w/	
  OU-­‐PHZ)
• SED	
  fiqng	
  (w/	
  WP1;	
  OU-­‐PHZ)
• Variability

• Euclid	
  “external”	
  iden$fica$on	
  of	
  AGNs:
– Ancillary	
  data	
  (OU-­‐MER?)

• X-­‐ray	
  	
  (e.g.,	
  eROSITA)
• MIR/FIR?	
  	
  (e.g.,	
  WISE)
• Radio

– Follow-­‐up	
  surveys



WP9	
  (AGN):	
  Challenges	
  
• Limited	
  spectral	
  resolu$on	
  R~250

– Blending	
  of	
  key	
  emission	
  lines	
  (Hα+[NII])	
  (w/	
  WP2)

• Limited	
  availability	
  of	
  given	
  sets	
  of	
  diagnos$c	
  emission	
  lines	
  (for
Type	
  2	
  AGN)
– “BPT”	
  lines	
  only	
  at	
  1<z<2
– [NII]/Hα	
  at	
  0.7<z<2
– [OIII]/Hβ	
  at	
  1<z<3
– Behavior	
  of	
  emission	
  line	
  diagnos$cs	
  at	
  high	
  redshiu?	
  (e.g.,	
  Kewley

+2013a,b;	
  Juneau+	
  submiwed	
  to	
  ApJ)

– BPT	
  AGN	
  selec$on	
  [OIII]/Hβ	
  vs	
  [NII]/Hα	
  for	
  bright	
  enough	
  galaxies	
  where	
  the
separa$on	
  of	
  [NII]	
  vs	
  Hα is	
  feasible	
  (F(Hα)>10-­‐15	
  erg.s-­‐1cm-­‐2)	
  else	
  MEx	
  (Juneau
+11)	
  :	
  [OIII]/Hβ	
  vs	
  M*

• Heterogeneous	
  selec$on/detec$on	
  limits	
  from	
  mul$-­‐wavelength
AGN	
  studies	
  (X-­‐ray,	
  etc.)



WP9	
  (AGN):	
  First	
  tasks	
  
• Measurements	
  wish	
  list:

– Emission	
  lines	
  (complement	
  the	
  list	
  w/	
  WP2)
– Host	
  galaxy	
  proper$es	
  (link	
  w/	
  most	
  other	
  WPs	
  in	
  GA-­‐WG)
– Simula$ons	
  (add	
  lines	
  ourselves)

• Feasibility	
  studies:
– Deblending	
  of	
  emission	
  lines	
  in	
  degraded	
  observed	
  spectra	
  to	
  Euclid	
  specs	
  (+

simulated	
  spectra)
à	
  AGN	
  parameter	
  space:	
  accre$on	
  rate,	
  obscura$on	
  
– Reverbera$on	
  mapping	
  (in	
  calibra$on	
  fields)

• Methodology	
  for	
  SED	
  fiqng	
  w/	
  AGN
– AGN	
  iden$fica$on	
  before	
  vs.	
  during	
  SED	
  fiqng	
  (OU-­‐PHZ;	
  WP1;	
  WP8)

• Defini$on	
  of	
  “boundaries”	
  /	
  links
– E.g.,	
  Highest	
  redshius	
  (WP10;	
  PU-­‐SWG)
– Connec$ons	
  w/	
  all	
  GA-­‐WG	
  WPs	
  desirable

• Implemen$ng	
  AGN	
  in	
  mocks/simula$ons	
  (through	
  WP6)
– Empirically	
  mo$vated	
  implementa$on	
  a	
  posteriori	
  (~	
  HOD)
– Physical	
  model	
  (longer	
  term?)



Courtesy: J. Brinchmann


Euclid Spectroscopic Wide Survey (NISP) 

x50 



Courtesy: J. Brinchmann


The Role of Euclid Spectroscopy 
!!!

 

~106 per 0.1 in z 

SDSS: ~106 spectra in total


Hα

4 

3 

2 

1 

Million galaxies 

100’s galaxies 



Changes	
  in	
  NISP	
  
• baseline	
  of	
  2	
  different	
  grisms	
  (blue	
  and	
  red)	
  and	
  2	
  posi$on	
  angles
à	
  4	
  iden$cal	
  grisms	
  at	
  4	
  posi$on	
  angles	
  

– to	
  improve	
  the	
  performances	
  of	
  the	
  spectroscopic	
  survey	
  and	
  the
cosmology	
  clustering	
  science	
  (e.g.	
  BAO)

Implica(ons	
  
• 0.68<z(Hα)<2.05	
  à	
  1.0<z(Hα)<1.8
• Hα	
  &	
  Hβ/[O	
  III]4959,5007	
  to	
  determine	
  metallicity	
  &	
  dust

awenua$on	
  no	
  more	
  possible…
à Euclid	
  Hα/[N	
  II]	
  measurements	
  with	
  Hβ/[O	
  III]/[O	
  II]	
  from	
  ground-­‐

based	
  spectroscopy	
  but	
  will	
  they	
  target	
  the	
  same	
  galaxies	
  ?	
  
(e.g.	
  BOSS	
  predominantly	
  target	
  massive	
  early-­‐type	
  galaxies).	
  





Euclid Near-IR Imaging Surveys (NISP) 

x40 

x1000 



Euclid SDSS


0 < z < 2+ 0 < z < 0.2


~ 20 Gpc3 ~ 0.3 Gpc3 

~ 2 billion  ~ 200 million 

~ 30 – 50 million  ~ 1 million 

The Euclid Revolution 


