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CANDELS

Largest HST Survey (Pls:
S. Faber & H. Ferguson) Jand H band Coverage of GOODS-S

NIR imaging of 5 of the
most commonly studied
deep fields

Deep and wide areas

Deep

Imaging is now complete! [l
Work is ongoing




Galaxy Morphology at High-z

For galaxies at z~2, deep NIR imaging provides
rest-frame optical structure

With CANDELS WFC3, can look at structure for
large samples at z~2 for the first time

Visual Morphology

Quantitative Morphology (see talk by Jen Lotz)
GALFIT: Sersic index, B/D, size, etc.
Non-parametric measures: Gini, M20o, CAS, MID, etc.
Use Visual Morphology to calibrate these at high-z



When did the Hubble Sequence Form?

ESA Press Release on Lee et al. 2013




What is the Role of Galaxy Mergers?

n increasing a galaxy’s SFR
n contributing to the cosmic star formation

nistory

n fueling AGN
n the morphological transformation of galaxies

Forming spheroids

. _ - & oy h
Hints at the changing o :

role of mergers in the
recent literature but - AN Sehe
many open questions 2!
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How Important are Clumps?

ID1924 WNH ¥

Disk instabilities?

Signatures of
mergers?

More frequent in
higher gas fraction
systems?

Do these clumps
become part of the
oulge?
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Morphological K-Corrections

Some objects are
very different in
the optical and
NIR

Many clumpy
irreqgular systems
look regularin
the IR

Bulges are more

prominent in the
IR




CANDELS Visual Classification Effort

Classifying all CANDELS Galaxies to H<24.5
3 fields complete (GOODS-S, UDS, COSMOS)
2 remaining (GOODS-N underway)
Total of ~50,000 galaxies by the end of survey
Classifications at multiple depths in deep area
Primarily in H-band, use other bands to inform

Multiple classifiers for comparison and statistical
analysis

~3-5 people per object
~65 classifiers in total

Catalogs to be made public (GOODS-S with Kartaltepe
et al., in prep)



Classification Scheme

Two levels
Main Morphological Class

NOT mutually exclusive! — can choose more than one

| .

Disks



Classification Scheme

Two levels
Main Morphological Class

NOT mutually exclusive! — can choose more than one
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Spheroids



Classification Scheme

Two levels
Main Morphological Class

NOT mutually exclusive! — can choose more than one
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Classification Scheme

Two levels
Main Morphological Class

NOT mutually exclusive! — can choose more than one

SO,

Compact/ AL
Unresolved TN



Classification Scheme

Two levels
Main Morphological Class

NOT mutually exclusive! — can choose more than one

Unclassifiable




Classification Scheme

Two levels

Main Morphological Class (disk, spheroid,
irreqular, point source, unclassifiable)

NOT mutually exclusive! — can

Interaction Class ‘

.‘

Only one choice (or none) _

Mergers



Classification Scheme

Two levels

Main Morphological Class (disk, spheroid,
irreqular, point source, unclassifiable)

NOT mutually exclusive! — can

Interaction Class e ‘ *

Only one choice (or none)

Interaction within N ’

Segmentation Map



Classification Scheme

Two levels

Main Morphological Class (disk, spheroid,
irreqular, point source, unclassifiable)

NOT mutually exclusive! — can

_ .
Interaction Class - -

Only one choice (or none)

.
Interaction Beyond - ’

Segmentation Map

S



Classification Scheme

Two levels

Main Morphological Class (disk, spheroid,

irreqular, point source, unclassifiable)
NOT mutually exclusive! — can

Interaction Class .

Only one choice (or none)

-

Non-interacting -
Companion .



Classification Scheme

Two levels

Main Morphological Class (disk, spheroid,
irregular, point source, unclassifiable)

NOT mutually exclusive! — can choose more than one

Interaction Class
Only one choice (or none)
Structure flags

Tidal arms, double nuclei, asymmetric, spiral
arms, bar, point source contamination, edge-on/
face-on disk, bulge/disk dominated, tadpole,
chain



Classification Scheme

Two levels

Main Morphological Class (disk, spheroid,
irregular, point source, unclassifiable)

NOT mutually exclusive! — can choose more than one

Interaction Class
Only one choice (or none)

Structure flags
K-correction flags
Quality flags
Clumpiness flags



D00 X! CANDELS Morph Classifier
File Tools Help
Morphology Class:

Disk | Spheroid | Pec / Irr Point Sourcel Unclassifiable |

Web GUI racion s
Designed by = s
Mark Mozena ‘f‘/,» @(}b a®
dsg/Perl GUI

-
-

Merger I Interaction Interaction Non-Interacting None
D e S | n e d b (within segmap) (outside segmap) Companion
g y K-correction Structure Quality Flags
D a | e KO cevs k| _{ V-band Different || _{ Bar _{ Edge-on Disk | Disk Dominated _{ Bad Deblend
_I z-band Different _| Spiral Acvmms | Face-on Disk | Bulge Dominated _I Img Qual Problem
I J-band Different _{ Tidal Acqms _( Tad Pole _1 Double Nuclei _I Uncertain
B S _I Asymmetric | Chain Galaxy _{ Pt Src Contamination
(S NON$) N\ CANDELS Morph Classifier |
Clump Analysis: Viewing Source ERS_4998 (1/5)
No Major 1-2 Major 3+ Major
.. 9 N ' N . o
Patchiness Patchiness Patchiness
No Major 1-2 Major 3+ Major
Clumps ' Clumps Clumps
» Some e - Some 4 - Some
Patchiness Patchiness Patchiness
No Major g 1-2 Major 3+ Major
Clumps ¥ Clumps g Clumps
. - Lots of e, _ Lots of - o Lots of
Patchiness Patchiness _ ° Patchiness
Additional Comments:
Show Segmap Match WCS Match Stretch Invert Colormap Reset Frames

Jump To Back Submit & Next

Viewing Source ERS_4998 (1/5)



Agreement as a fn of Magnitude

Fraction of
galaxies
where > 3/5
classifiers
agree

Fraction

This is also
dependent
on the
classification
itself
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Kartaltepe et al. in prep.



Lessons Learned So Far

Different depths

Agreement between classifications at 2, 4, and 10
epoch depth is magnitude dependent

Small difference at H>24 for disks, H>23 for spheroids

Relative agreement
Agreement among classifiers depends on magnitude
Highest agreement for disks and spheroids

Lowest agreement for irregulars
Generally more complex morphologies

Most difficult cases



Comparison to Sersic Index
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SersicIndex Kartaltepe et al. in prep.



Morphology Class

Disturbance Class

Science “f

"

A AGN
M Control

e

log(Le/Le)

Results T ‘)
: s [a A
Kocevskietal.2012 ¢ | i . " 5 il -
Morphology of z~2 ; al"
Moderate Luminosity o :
X' ray AG N (ot O o RE o W e o© N o bed\\ o w(be,é
o A\ 6Qw\6( %QY\Q’( «l o o 06\0‘ o o o<<\<?° oo
1’2 | ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ' ' ]
Non-Interacting Disks <z>=1.0e
L Pure Spheroids <z> = 2.2%
1.0 B Klrler?/l:gre?annd Interactions |
T Mergers+Interactions+Irregular b
0.8 ] Kartaltepe et al. 2012
5 | Morphology of z~2
o 0.6 _
g ULIRGs
0.4 .
0.2 :— ]
0.0 : N L ; . N S : :
10.5 11.0 11.5 12.0 12.5 13.0




CANDELS and Galaxy Zoo

Postage stamps for all galaxies with H<25.5
Color jpegs (IJH — consistent for all fields)

GOODS-S, UDS, COSMOS

Two depthsin
deep area for
comparison

Classifications
completed

Other fields to be
added soon

Plans to add
CANDELized

simulated galaxies




Summary

Large Visual Classification effort within the team
3.5/5 fields have been classified so far
50,000 galaxies by the end

To be made public, GOODS-S imminently (Kartaltepe et al.,
In prep)
Lots of science based on these in progress!

CANDELS and Galaxy Zoo — stay tuned!

For more information about CANDELS, check out our
blog at: http://candels-collaboration.blogspot.com

Twitter: @CANDELS_team



