Deep observations with an EL'T
in the Global-MCAO perspective
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big collaborations, multiple facilities
and shared knowledge.

ELTs will have a key role because of
their angular resolution and their

capability in collecting the light of faint
sources.

Test-bench for the Global-Multi
Conjugate Adaptive Optics (GMCAO)
approach.



THE AIM OF THE STUDY: GMCAO WORKS!?

Mock K-band image of one portion of the
Chandra-GMCAOQO deep field having

60 high-redshift galaxies.

The FoV is 5ox50 arcsec?.

The green dash is 5 arcsec wide.

OUR SAMPLLE:

- 60 (30 early- and 30 late-) galaxies
- Sérsic models

- random inclinations and PA

- \Zi= 025,075, 125,75, 225005

- logtM/M®) = 9,9.3,9.7, 10, 10.3,
- Re, M, H relations

Portaluri et al., 2017, MNRAS, 466, 3569).
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JDATA ANALYSIS
SExtractor completeness (20 threshold level): 99.7% (KT'Gs) - 89.4% (1'1'Gs)

/My=9.0 log N/Mg=0.3 log M/My=9.7 log M/Me=10.0lcg M/My=10.3 log M/M;=0.0 log M/M,=0.3 log M/M,=0.7 log M/M,=10.0Jog M/M,=10.3
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K-band SR



DATA ANALYSIS
GALFTT: Morphology and Photometry NO PSF a priori knowledge

GALAXY MODEL RESIDUALS

70077 T L N L RRLE LLALARRRLY LAARARALAI RALLALAARY bALALALEL
I |

Sérsic index



DATA ANALYSIS

f 1 8 o !
i . . @ A
g1 000+ 180 26 =
o | g 24 0.8
: : :‘E' f b
< 0.100; { w22 Z0.6
- : E - e ‘3
= : ;r i :-20 .‘ v 0.4
70.010 mgp= { = pe
o8| {718 0.2
0.001. . .1 16} 0.0
O | 2 28 R 1 0:
< 1.000( 2 9-98 | o S *
¢ i ¢0.7-0.9 R lt H 0.8
U L x0.9-1.1 ':. { E 24 r a
5 0100+ °L1=Ls : i~ 5
o5 VeRUUE e ! w22t = 0.6
p 5 { a 1 'E 20 .‘ S :n
- : y 1 ...._ 9 0-4:
£0.010} am { 3 <
o | cememmn 1 o 18 0.2
3 = 1M :
0.001 . M | < o ool . ;
0.001 0.010 0.100 1.000 16 18 20 22 24 26 28 0.00.204060.81.0
e T T 281 : [ g ;
-~ 0-5% o 263 : 1.0~ i N
8 5-10% ‘ (Y i ; t ).— sioand ¢
n © 10-15% | . = i 0.8 SR “' »
¥} x 16-20% x E 24’ i ! "- x
5 1.0} - 20-25% . -~ i P I e ! e — i
< O] oY 522} £0.6; L
] ~ & onl vl =]
..é x x X% v 3 205 ~I s o 0.4,’ 3
5 - o ¢ { .
o’ v 181 " 0.2 =
B ¢ |-
0.1 S PRI TSI (811 ST I SO,
p 281 f X )
= 0-0.5 < 1= gt g 1.0 ¢ po TR < B
(= i R . | :
8 1.0 » 0:9-]:1 E 24: ‘ 0‘8> -)‘) Bk
[ 1.1-1.8 J“ - : 0 L] |
= >15 = 22} » \ O £ 0.6; -
_E 0 X~ o4 Ego; : T 0.4} ? '
s | 318} " -
d | @ & Of M 0.2 .l‘
0.1 ’ ' 16} : : 0.0 .
0.1 1.0 16 18 20 22 24 26 28 0.00.20.4 0.6 0.8 1.0
e, meas (arcsec) Ktol.meas (mag) e"me’:as

Comparison between inputs and
recovered parameters

SI{modcl COde

SR:/SR,, 4 code

—> Results show a higher
correlation of the
retrieved parameter

accuracy with
thCSR*/ SRmodcl than
with the absolute S, 0



Survey nasse RA DEC | Fiedd of View Reference
k) ‘ ) 1) " Q ¥ 'l (
» ; : HDF 1892042 | 62.2161 5 Williams ot al (1995)
NDWFS-Bootes | 217,500 | 345000 | 32400 Jazenzi & Dey (1999)
NDWFS Cetns | 15708 | 473% | 13116 Tt & Dey(1999)
. e of oqe Telescope Diameter Site Field of View | Resolution Filters HDE-S 3382458 | 405508 53 Williuns et & (2000)
Object visibility (selected datasets) ] ] fmas] R BT R T )
E-ELT (MICADO) | 39 | Cerro Amazones (-70.19-24.50) | 53 “x 53 " 1 1zYJHK DLS1 133542 | 12.9653 | 18400 | Wittman et ol (2002 )
16" x 16" 1.5 DLS-2 1395000 | 30,0000 16400 Wittzman et al. (2002 )
GMT (GMTIFS) | 7x84 | Las Campanas (-70.69.-20.02) | 20.4"x 20.4" 5 JHK ns3 NN |50 _Mim | Wit (90)
TMT (IRIS) 30 Mauna Kea (-155.47,19.82) | 34"x 34" 1 JHK R LR AN N Nhem e )
La Palma (-17.89,28.89) DLS-S 2087500 | -10.0000 1400 Wittman et al. (2002 )
DISé 225000 | 45000 14100 Wittasan et al. (2002 )
DIS 7 TR0 | 342500 | 1400 | Wittman et al. (2002 )
1 200 LSNNQ NETR (M RN PSR DS S SN NEEH M | EGSS 2142500 | 52.5000 Ll Davis ot al, (2003 )
? GEMS 531042 | -27.8120 00 Hix et al. (2004 )
—_— USNO—-B1.0 - A - -
TRILEGAL GooosN | a2 | eaz 160 Giavalinco ot al. (2004)
GOODSS | 531250 | -27.8056 160 GClavalisco ot L (2004)
SubaraDF | 2011625 | 274906 18 Kasbilowwn ot al. (2004)
. COSMOS | 1501167 | 2.2088 T30 Scoville &t al. (2001)
HlStOgram Of the N GS K- GSS A2 | 5288 g Vogt € al. (2005
. HUDF 531625 | -27.7914 m Beckwith et al. (2006)
band magnitudes for the 22 TR T BT T Ty
GMC AO CFGTLSD2 | 1501167 | 2.2083 000 | Cullisodre et al. (2006)
SU.I’VGYS. CFGTLSD3 | 2145625 | 526822 3600 | Culliasdee € al. (2006)
. . . CFGTLSDA | 3338792 | 177320 | 3600 | Cullismdre <t al. (2006)
The red dlStI' 1but10n AEGES | 214250 | 525000 ™ Davis ot &l (2007)
h 1 UKIDSSDXSI | 362500 | 45000 | 126000 | Lawrenee et al (2007)
represents the values we UKIDSSDXS? | 1642000 | 570567 | 120000 | Lawremee et al (2007)
. UKIDSS-DXSE | 2425 | 540000 120000 Lawrence ot Al (2007)
fOund U.Slng TRILEGAL UKIDSS DXS{ | 330240 | 03513 | 120000 | Lawremee et al (2007)
. UKIDSS-UD 20500 | A0 beryd Lawrence et al. (2007)
while the black one refers to T T E T e T T
C.GOODSN | 159.22% | 622385 018 Kockemosr & al (2011)
USN O'BI Catal()g. C.GOODSS | 68.022% | 27850 | 1122 | Kockemoer et al (2011)
C.LOSMOS | 1501163 | 2.2010 1000 | Koskemoer et al (2011)
CEGS | 2148250 | 528050 THO0 | Kockemoer et al (2011)
C.UDS 4062 | 52000 TH0 | Kockemoer < al (2011)
UDF12 531625 | -27.7914 s Koeketmoer ¢ al. (2013)
XDF 531683 | 27,708 100 Tsgworth ¢ al, (013)




THE METHOD

We run GIUSTO, an IDL. tomographic simulation tool to obtain the SR over a given FoV.

INPUT:
C,2 profile

Seeing value
Spectrum Type

INPUT:
- Asterism type
- FoV Coordinates

e

Reference stars

Number of NGSs 6
Position/Magnitude NGSs

USNO-BI catalog

Limit magnitude R,18 mag
Generate Compute NGSs
atmospheric asterism and ‘
YES layers YES magnitudes INPUT: Ton]()grdphy
Compute L Ititud " ’
Compute > asteriem? > uncorrected Wrss sampiing ) SCTEEN SCale 0.1 [m/pixel]
(flag) No (flag) NO I wavefronts Number of VDMs 6
INPUT: INPUT: y :
:—\tmospheric - Asterism Add WFS INPUT: Syh[eln
avers measurement N mance | S€nsing wavelength 0.5 [um]
INPUT: vs NGS Scientific wavelength 2.2 [pm]
T o el Entrance pupil diameter 39 [m]
Probes proximity (min) 10 [arcsec]
-_ Profect VOMs Compute YOMS  Lg No_ /" Tompute Technical FoV 600 [arcsec]
(flag) Rejected FoV 120 [arcsec)
Scientific FoV 120 [arcsec]
. eights S
INPUT: DMS‘:‘:;T;“ INPUT: : Number of fields 100
. . N 't' -~
—r Scientific FoV size e . Number of DMs 3
2 TSR ST  HofVDMs DMs conjugated altitudes 0,4000,12700 [m]
- Technical FoV size Atn] nghere
Atmospheric profile 35 [layers]
Main i d f GIUSTO Fried Radius 0.14 [m]
aimn 1nputs usca 1or : L, max 75 (m]
Parameter; Corresponding value; Unit of measure. 1o min 0.001 [m]

Atmospheric spectrum von Karman
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K -band SR map and contours
obtained with GIUSTO (left);

average SR values (center) ¢ ;
and standard deviation (right) = : ’
measured within the 1oo sub-fields. ™ b
Color-bars indicate the , i B
corresponding panel scales. ' .‘J...'.., I _.t‘...:i. :t&‘: ‘

200 =100 0 100 200 200 =100 0 100 200 200 =100 0 100 200
x (aresec) x (arcsec) x (aresec)



STATISTICS

30T

25F o | ; : o
2 b + - h o I 1 Mean K-band SR as a function of the galactic latitudes of the GMCAO surveys.
3 I : il [‘* S  Filled circles represent points with negative values of galactic latitude, while
8 LT . open circles are for positive values.
% 10p 2 The error bars represent 10 value.

5F :
0t . . , .
30 40 50 60 70 80 90
b (deg)
NGS K -band magnitude (left) and radial distance from the center (right) as a function of the field SR
for all the 22 GMCAQO surveys..

18¢ C 1) YA AR aad AN AAARAASAAEE AAAALALEAL A AL AS
E] : : | MC simulation . . .
. s 1 | GMCAO surveys — | The red points were obtained with a Monte Carlo
: 1 \ | simulation using a 4o-layers profile atmosphere.
¥ 16} i | \'Q\\ } "The solid lines represent the best-fit,
E 5 | '\»\-.-;\\ while the dashed one shows the lower limit for
w 1% £ ool M. ] finding NGSs in the technical field
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The SR consistent with our previous work.
The as expected because of the availability of stars.
: stellar magnitudes

of NGSs do no impact the performance, while mean off-axis position of NGSs plays a key role.

Now the performance that can be obtained with the GMCAO method has a robust statistical confirmation:
it can be applied to the next-generation of 1. T's to carry out a deep observations obtaining good data to
process in order to shed light in the puzzle of formation and evolution of galaxies.

Elisa Portaluri - INAFK: Osservatorio Astronomico di Padova
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