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Evidence for GN-z11 as a luminous galaxy at redshift 10.957
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GN-z11 was photometrically selected as a luminous star-forming galaxy candidate at
redshift z > 10 based on Hubble Space Telescope (HST) imaging data'. Follow-up HST
near-infrared grism observations detected a continuum break that was explained as the
Lya break corresponding to z =11. ﬂgfgjgg (ref. 2). However, its accurate redshift
remained unclear. Here we report a probable detection of three ultraviolet (UV)
emission lines from GN-z11, which can be interpreted as the [C III] 21907, C III] A1909
doublet and O III] 41666 at z = 10.957+0.001 (when the Universe was only ~420 Myr old,


https://ui.adsabs.harvard.edu/link_gateway/2020NatAs.tmp..246J/arxiv:2012.06936

GN-z11 - kKaHOMAaT Ha z ~ 11 - HST
(WFC3) no nono>xeHuto Lyo break

Oesch, P. A. et al. A remarkably luminous gal:
at z= 11.1 measured with HST grism spectrc
Ap. J. 819, 129-139 (2016).

e MUV = —22.1 = 0.2, which is roughly a ma
brighter than the characteristic luminosity of
atz ~ 7-8.
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Figure 1. CANDELS H-band image around the location of our target source
GN-z11. The arrows and dashed lines indicate the direction along which
sources are dispersed in the slitless grism spectra for our two individual epochs
(magenta and blue) and for the pre-existing AGHAST data (green). The latter
are significantly contaminated by bright neighbors along the dispersion
direction of GN-zl1 (see Figure 2).
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 We search for line emission in the K band
and identify a line at 19922 A and a line
pair at 22797 and 22823 A, with
significance of 3.30, 2.60, and 5.30,
respectively. Taking the broadband
photometry into consideration, we rule
out the possibility that these lines are
from a low-redshift galaxy.
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Comparison with lower redshift galaxies having the
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A single stellar population model (Model 1; blc
a binary stellar population model (Model 2; gr
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CpaBHeHne c z = 3.558 n 5.124

Extended Data Fig. 4 SED modelling of GN-z11. (a): SED modelling result using a fixed
redshift z = 3.558, i.e., the emission line at 22823 A is assumed to be [O IIT] A5007. The red
points with 1o error bars are the observed photometric data points. The downward arrows
indicate the 2o detection upper limits. The horizontal errors indicate the wavelength ranges of
the filters. The light blue spectrum represents the best model. The dark blue crosses represent

the photometric points predicted by the model. They are inconsistent with the observed values.

For comparison, the grey spectrum represents the best model using a fixed redshift z = 10.957.
The model photometry (black crosses) is well consistent with the observed photometry. (b):
Same as (a), but for a fixed redshift z = 5.124, i.e., the emission line at 22823 A is assumed to

be [O II] A3727. The best model is also inconsistent with the observed photometry.
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Table 1. Properties of GN-z11

Parameters Values

E. A (hh:mm:ss) 12:36:25.46
Dec. (") +62:14:31.4
Redshaft 10957 £ 0.001

Flux ([C III] 1907) (erg s em™)
EWo ([C III] #1907) (&)

Flux (C IIT] £1909) (erg s cm™)
EWo (C III] 1909) (A)

FWHM (C III] #1909) (km s™)
Flux (O III] 21666) (erg s~ cm™)
EW, (O I A.1666) (A)

UV continuum slope

UV SFR (Ma yr'%)

Specific SFR (yr™?)

Dust reddening E(B—V) (mag)
Age (Myr)

Stellar mass (Mg)

(1.5+0.6) x 10718
12+5

(3.5+0.7) % 10718

[
[=2]
I+
Ln

o
|-
I+

23
(1.7 +0.5) = 10718
10+3

—24+02

26 + 3

(20+09) = 107"
0.01£0.01

70 + 40

(1.3 +0.6) = 10°
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A cuspy dark matter halo
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ABSTRACT

The cusp-core problem is one of the main challenges of the cold dark matter paradigm on small
scales: the density of a dark matter halo is predicted to rise rapidly toward the center as p(r) oc r®
with a between -1 and -1.5, while such a cuspy profile has not been clearly observed. We have carried
out the spatially-resolved mapping of gas dynamics toward a nearby ultra-diffuse galaxy (UDG), AGC
242019. The derived rotation curve of dark matter is well fitted by the cuspy profile as described
by the Navarro-Frenk-White model, while the cored profiles including both the pseudo-isothermal
and Burkert models are excluded. The halo has a= -(0.90+0.08) at the innermost radius of 0.67 kpc,
Mhalo=(3.5+1.2)x10'° My and a small concentration of 2.04£0.36. AGC 242019 challenges alternatives
of cold dark matter by constraining the particle mass of fuzzy dark matter to be < 0.11x10722 ¢V or
> 3.3x10722 eV, the cross section of self-interacting dark matter to be < 1.63 cm? /g, and the particle
mass of warm dark matter to be > 0.23 keV, all of which are in tension with other constraints. The
modified Newtonian dynamics is also inconsistent with a shallow radial acceleration relationship of AGC
242019. For the feedback scenario that transforms a cusp to a core, AGC 242019 disagrees with the
stellar-to-halo-mass-ratio dependent model, but agrees with the star-formation-threshold dependent

model. Asa UDG, AGC 242019 is in a dwarf-size halo with weak stellar feedback, late formation time,
a normal baryonic spin and low star formation efficiency (SFR/gas).

1. INTRODUCTION

The cosmological model of cold dark matter and dark
energy, 1.e., ACDM, has achieved tremendous success in
understanding the cosmic structure across time on large
scales, but this model is challenged by observations on
small scales such as the cusp-core problem, the missing
dwarf problem, the too-big-to-fail problem etc. (for a
review, see Weinberg et al. 2015).

In cosmological simulations of cold and collisionless

tral profiles in individual galaxies (Carignan & Beaulieu
1989; Lake et al. 1990; Jobin & Carignan 1990). Stud-
ies with higher spatial resolutions for a larger sample of
dwarts and low-surface-brightness galaxies further con-
firm the central flatness of the rotation curve, and de-
rived a median dark-matter density slope of about -0.2
toward centers (de Blok et al. 2001; Oh et al. 2011,
2015). Optical observations of ionized gas such as Ha

can achieve higher spatial resolutions than the HI data,
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Too-big-to-fail problem etc. (for a review,
see Weinberg et al. 2015).

* Optical observations of ionized gas such as H\alpha

can achieve higher spatial resolutions than the HI data,
and confirmed the median density slope of about -0.2
with long-slit spectra for a large sample of dwarf galaxies.

« Among few galaxies whose halos can be described by
cuspy proles, the one with the highest signal-to-noise
ratio is DDO 101 and Draco.

 In order to identify a definitive cuspy dark matter halo, it
Is required to demonstrate not only the validity of cuspy
models but also the invalidity of cored models.

* The orbital anisotropy, the method to model stellar
orbits, the dark-matter shape and the limited number of
the member stars are all found to affect the conclusions.
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Parameters Mean

Mar (108Mg) 1.37
My (103Mg) 8.51
SFR (10~*Mg /yr) 8.2
Dynamical center* (J2000) 14:33:53.38. 01:29:12.5
V. (kms—1) 1840.4
Distance (Mpc) 30.8
log(T3.6um (Mo/Le,3.6um)) -0.22
Raoo (NFW) (kpc) 65.0
Rs (NFW) (kpc) 33.3
concentration (NFW) 2.0
Mhalo (NFW) (101°0M ) 3.5
Vooca: (IS0 (kkm & 1) 16.7
Rc (ISO) (kpe) 2.5

J1tobonNbITHO: M../SFR = 1.6 100 yr



“igure 1. False-color image of AGC 242019. The
alse-color image of the g, r and z bands. The white contours
f the HI intensity are at levels of 0.4, 0.6 and 0.8 mJy km
~!. The yellow ellipse indicates the HI beam size.
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Figure 2. The HI data of AGC 242019. a, The Hi
intensity. b, The integrated spectra of the VLA compared to
the Arecibo’s spectrum (Haynes et al. 2018). ¢, The radial
profile of the gas mass surface density corrected for inclina-
tion and helium.
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Figure 4. The infrared and optical data of AGC 242019. a, The 3.6 pm flux density with overlaid WikeS IFU pointings.
b, The radial profile of the stellar mass surface density corrected for the inclination. ¢, Individual Ha clumps for which the line
of sight velocities are measured. Each clump has a circular radius of 2.0”. The small red circle indicates the dynamical center.
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d, The integrated spectrum of Ha emissions.
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Figure 5. The two-stage operation of “”Barolo. The
gray points are the first stage, where four parameters of each
ring are set as free. The red points are the second stage,
where the inclination and position angles are regularized by
fitting a Bezier function to the results from the first stage.
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The rotation curves of AGC 242019. a, The observed rotation curves from the H1i data (black circles) and

the Ha data (red rectangles), along with the rotation curves due to the gas and stellar gravity contributions. b, The derived
rotation curve of dark matter. Different curves indicate the best-fitted NFW, ISO and Burkert models to the HI only rotation

curve.
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Figure 10. The residuals of the fitting to the dark-matter rotation curve for three models.



OueHeHbl orpaHn4YeHna Ha NapamMeTpbl
DM B cueHapusax, anbTepHaTUBHbIX
cold DM

* Fuzzy cold DM

It is found that the measurements at the
Innermost two radii give the strongest
constraints on m .

* PaccesaHune yactuy DM (self-interacting DM)
PN/ M)Vims(M)tage ~1;

« Warm DM

« MOND

 Stellar feedback (baryonic scattering)
(adbdpekT 3aBmucuT ot M*/Mhalo, )
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* The test of MOND through the relationship between the observed
radial acceleration and the baryonic radial acceleration. The black/red
symbols are the results of AGC 242019, where a larger symbol size
corresponds to the ring with a larger radius. The blue solid line is the
best linear fit to the observations.

* Lines labeled with \Late-Type Galaxies" and orange symbols are the
best-tted line plus its scatter and individual late-type galaxies in Lelli et
al. (2017). The dotted line labeled with \deep-MOND" is the MOND
prediction in the low acceleration regime.
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et al. 2018).



O npupone obbekTa

* Pa3 ecTb Kacn, 3Ha4YnT, He BbI10 CMNIBHOIO baryonic
feedback B oTanymm ot 6-Ba KapJ/IMKOB.

* [aN0 nMeeT HeobbIYHO HNU3KYIO KOHLLEHTpaLUuIo.

* [1o yoenbHOMY Yrj. MOMEHTY OT 0ObIYHbIX KAapPJINKOB HE
oT/2M4yaeTcs (MpoTuB Moaenn DOPMUPOBAHNSA B Frasio C
60NbLUNM YI/1. MOMEHTOM).

* 9hhekTUBHOCTbL SF cooTBeTCTBYET BAPUOHHOW MJIOTHOCTMN.

* [lo-BUANMOMY, raslakTUKa BO3HUKJIA U3 rasio C HU3KOM
KOHUEeHTpaunen naoTHOCTU, N hopMUpPOBaHME ee NOJIXKHO
bbITb Doslee pacTAHYTbIM CO BpeMeHeM. Kacn - pe3ynbTaT
cnaboro feedback.

* Bo3MO>XHO, bosibluas npoao/mKnTenbHoCcTb SF aBndaetcs
Kt04YeBbIM (haKTOPOM, OO BACHAIOLWNUM HU3KYIO APKOCTb
raJJaKTUKWN.
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