B '_ Are Déep JWST Surveys of thé& First it Epoch llmlted by
4 . Instrumental, Natural _or "Grav1tat10nal" Olaect Cenfusmn"

Rogler A. Wlndhorst (Affizona State Uniy.), J. Stuart B. Wyithe (U-'Melbourne‘astraha), HaoL& Yan (0h10 State M) Shude Mao (Jodrell Bank UK),
Abstract 347. 09 — 217" AAS == We. Jan. 12, 2011)* . - ¥ .

S

In Wyithe et al. (2011, Nature,869), we show that gravitational lensing will
# . lead to a correlatiop between the sky*positions of high redsfift candidates and.
foreground gataxies at 2e-1-2, and"present evidence for this correliion among_ -~
a samplégentatively identified at 2~10.6. By extrapglating the evolution of the
galaxy, LF-slope andilimplitude to z-8, we suggest that gravitational lensing may %y
dominate thesobserved properties of galaxies at z-10 discovered bygdWST. The
* observed surface density of galaxies at z- 12515 will likely be bobsted by an order % _ 4
of ‘magnitude, and most z-12#15 galaxies may be part of a multiply-iaged
@ system, located - 1";away from a bri eground galaxgt at 7912, ’
-
This means that dedp JWST survays of the Fgught epoch at z:10 may Be
mited by "gravitational” cenfusion, where a good part of the First Light " forgst”

wmay be the galaxy "trees”
lensing bias will therefore_need tavbe carefully considered for First Light studies g

_ with JWST. The exquisit® resolution and SensiivinugEelWST. gt be essential iog * ¥
“properly address this issue 4t z8-10. ‘ X "
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- . ¥ 3 . limit. Blue, black or red slantéd lines (wlth slope=+5) indicate the survey surface brightness
- - ., - - P (SB)-seggiivity limits, and where these turn horizontal is the pojgt source sensitivity limit. Pink »
. T §  lines indicate the natural coffusion lignit, whege gelaxf%verlap become‘:iﬁcant because¥of -
» g " et . ¥ their Wn sizes. For deep JWST surveys with 20.08” FWHM resolution, #he natural confusion ¥
i i = = - N ‘ - - X limit may become as important for the definition of faint, object samples as the survey SB-limit "
‘ . “ (Windhorst et al. 2008). This may, already heyvisible in the deepest HUDFsimages for ABZ25
=% - Fig. 2‘1 el . ?M" & hlhagnificati O s 1o an asso e ik ‘zg. This does, hwever, not n;han the deepest JWST samples will'be fundamentally o g
» g " between foreground aalax-es and Wgh rellshift candidates. Fig. 2b. [Right]: Panel A: The . ited by natural confusion. Instead; ffory hierarchical simulatidhs Q”"w) faint objects &
- 4~ 'Schechter LF of high redshift galaxies. Panel B: High redshift galaxies (red) and foreground with 4B 28 mag seen by JWST are likely mostly unresolved at 20. OH pr such objects,
. .? 5 ies (blue). Open symbols indicate u"de(med galaxies (map>mim). Closed symbols are ; - e ‘lstvumemal confusion doesn’t set in until AB233.5'mag, which JWS ilLnot likely reach (unless #
v #  detected galaxies (1 p <mi,). Black dotted areas ardegions of sky where background sources ‘e ‘ exposes 21000 hrs). Does this meajhat tht confuion limit ds irelévant for IN(oRE
- e will be multiply imaged by the foreground gala¥#(blue) halo. Panel D: The lensed faint galaxies ¥ -° E - - =
are multiply-imaged, producing a detected image with m ;3 <my,, (green), and an undetectéd il . T, % X
faint image with m.4p>mu,, (dashed green). (Galaxies near the lines of sight to foreground = ‘i - " - -
- ‘ galaxies that are ot multiply imaged are deflected te larger separations, resulting in a lowering - - ) -
: of otirved sourcegdensity, i.c., “depletionifliPanch C: The résulting effect of gra'manonal » - -
lensing bias on 11’10 galaxy samples. The observed LF can get modified from a Schechter - . " o -
function to a double power-law, with the brighterolfiets gravitationally lense e sample - %
(see Wyithe et al. , 201d). 4 . = * - ' : ' - . 2
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Fig. 3. Six examples of gravitationally lenséd z~~8-10 candidgtes behint§forergound
galaxies agge1-2 (Yan et al. 208@)in the HUDF in BViz (ACS) YJH (WFC3). The ) # ¥
» background image of this poster also shows all available-506 orbits §f the HUDF 74 - -
. in thle BVizYJH filters (properly color balanced), where Y-drops or z28 candidates
are marked as green circles, and J-drops or z>10andidates as red circles. - z M, (mag)
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Fig. 3 (cont). Until spestroscopic confirmation is available, these Y-band and 4 a7y
J-band dropouts are only consi 228 and 2210 candi resp. JWST wi . P
be essential to get spectra for such objects, especially for those z28-10 candidates N eep: 16 1741
that are gravitationally lensed into ghe sample -2 foreground galaxies. (All 20 -15.8
Figures and Captions were placed to maximize the visibility of z>8-10 canidates.) T
S Mag (mag)
g Fig. 4. Gravitational lensigg bias of thesbrightzend of the galaxy LF
I . to be observéd with JWST: Phin' curves: pfsent "Witrinsic LF (),
% . - . .= “and solid curves the observed LF following modification from gravitational {__J}
ol e - lensing. Uniform magnification was assumed outside regidhs of sky that
“n . are multiply-imaged, sucfMat flux is conserved over the whole sk The
w+  LF parameters o, & M* were extrapolated to 278, using Bouwens
- " et al. (2010b) for z8. Solid and open points show luminosities and den-
- T ™, sities of lhc faintest galaxies to bc observed with JWST, assuming lim-,
o P " iting magnidlides for both an ultra-deep survey (m ##31.4 mag), and a
- edium-deep JWST siey (map<29.4 mag), respectively. The prob-
» . ability for gravitational lensing will become of order unity in the steep
‘ ol - - exponétial parts of the LF at sufficiently high redshifts (Wyithe et al. . ..
o ~ 2011). This figure clearly shows that gravitational lensing bias will likely L
S * 4 - L 2 b.e.impor}:r;t for JWST. We now need the exquisite resolution and sensi-
#Bouwens, R. J. et al. 2010a, arXiv:0912.4263; - 2010b, ar)(iv:l‘ﬂﬂG.‘ﬂ' . i t-wty;fm fST Torg th:n iy todpm:vevlly dlsen:ingzle F"“.Llllgh: Objéigs
Gardner, J. P.. et al. 2006, Space Science Reviews, 123, 485-606 # - ‘ - - - - """“;F‘ZA Q. [Ensing foregrounc, galaxies atz - especially for 22155 o
- oy 72000 ‘ - ‘ y ere the majority of such-objects may be lensed intg the vas.T samples.
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ot IRt A Yo Ao % CONCLUSIQMB: Deep JWST surveys with -0.08" FWHN resolution wil: (1) not be limited by instrumental copft-

sion, unless they€an reach AB33.5 mag in 21000 hrs; (2) he gradually Timited by natural confusion for 25<AB=31
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NA®'5.26555. We thank Dr. Rolf Jansen for his skilful help assembling this poster. Fig 2a credit: NASA, ESA, Z. confusion from lensing bias by foreground objects, whi®® may dominate at z>12-15 in,shallower surveys (AB<30 p
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