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Outline

Introduction of LAGER Survey

* Survey Background

* LAGER Project (2015 Dec. -2018 Mar.)

LAGER's First Results

» z~7LFs of Lya galaxies
» z~7 Bubbles (See Sangeeta’s talk)

Recent Updates with LAGER

e Data & Science

Comparison with HSC-NB: DECam-NB is Unique

Conclusion

LAGER: Lyman Alpha Galaxies in the Epoch of Reionization



Origin of CMB Dark Ages Epoch of Reionization: First Stars & First Galaxies Modern Universe
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Polarization
WMAP, Planck
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Trough (Fan et al.)
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Global History of Reionization

EoR Probes with Lya

Galaxies:
1. Lya LF of Lya Galaxies
in EOR
. LyaVisibility
3. Clustering of Lya
Galaxies
4. lonizing Volume

Konno et al. (2018) Redshift

See also: Sharma+16, « X, increases from z~6

Robertson+1s, Mitra+1s, ] _
Bouwens+15, Kakiichi+16, * Large dispersion at z>~7 2

Greig & Mesinger1y ... Reason: Limited galaxy sample at z>~ 7
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— Probing Reionization with Lya Galaxies

(EoR History & Topology):

Reason: Damping Wing Absorption of Lya Photons

by (partially) Neutral IGM

Probing EoR History: Comparing the Statistical
Properties of Lya Galaxies in EoR and Post-
Rionization Epoch (Lya LF Test, Lya Visibility Test, ...)
Mapping EoR Topology: IGM Environment on the
Appeared Distribution of Lya Galaxies (Clustering

Analysis, lonizing Volume, Lya & 22cm CCF)

eutral fraction
in the/“neutral”

Laursen+
2011

1216 1217 1218
rest/A

o This work
& Stark etal. (2011)

Dijkstra 2014



Observational Challenges at z >~ 7

Age of the Universe [Gyr]

® Most of thesez >~ 7 0.7 0.6 0.5

candidate galaxies are
selected from space:

of LBGs from 3 .k .‘,:: = =
HST vs. LAEs with —
ground NB before 2016;

Sky Baokground
L

galaxies (- LAESs)
with spec. conformation
at z>~7(2006-2016):
2 with HST grism, 1 with
6.5m Magellan, and others
with 8-10m telescopes.
Most of these are confirmed
via their Lya lines.

107" erg/s/cm*/A

G 4”!,1: M

Need to increase the LAE sample at z>~7
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Lyman Alpha Galaxies in the Epoch
of Reionization (LAGER)
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The LAGER Project

CTIO 4m Blanco Telescope
(Cerro ToIoIo Chlle)

Dark Energy Camera
FOV = 3 s-de

Alpha
Galaxies in the
Epoch of
Reilonization

Wc=9642A & FWHM = g2 A
- z(Lya) = 6.93+/-0.04

NB964 Narrowband Filter




Why DECam?

600 800
Wavelength [nm]




NBg64 Filter Profile vs. Sky Lines

Cerro Pachon Sky Transmission

HSC-NB973

DECam-NB964 Cerro Pachon Sky Emission
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Wavelength(Smooth FWHM=1nm)

NB964 Filter Design: Zheng, Rhoads et al. in Prep. 2018
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NBg64 Filter Performance

1. NB filter lab-test

(Multi-curves for different Radii)

966
Wavelength (nm)

55MM A
110MM A
165MM A
220MM A
275MM A
—5E5MM B
===110MM B
“===165MM B
= 220MM B
——275MM B
o—(5MM C
==110MM C
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275MM €
——55MM D
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- 220MM D
275MM D

=—CTR

2. NB filter on-site test
(Spatial dist. as a function of )




LAGER Runs
Summary (2015 Dec. — 2018 Mar.):

IDES OBSERVING STRATEGY

e 21 nights awarded &
Observed with DECam &

NB964, but 5 with
bad weather.

* 4 fields with NB964
T_exp ~ 20-40 hrs each.

60°
75°
[ DES (planned 5 yrs) W B DES (SV) BN DES (Y1) EEN DES (Y2) DES (SN fields)

NB Exp. Time 44 hrs 35 hrs 20 hrs x 2
Date Obs. Dec.7 15; Dec.7 15; May 24-29 17 (w. bad
Feb. 4-9 16; Mar. 9-12 16; weather);
Mar. 9-12 16; Nov. 25-26 16 Mar. 5-10 18

Dec. 24-27 17



Candidate LAEs at z~7

Selection Criteria:

* Non-Detection in Blue Bands: Zheng+2017
DECam-ugri<3 0 & Subaru-
BVgri<3o & Subaru-NB71z,
NB816,NBg21<30

* NB Significant:
NBg64(>5 0) < 25

 Line Significant:

DECam-z—-NBgb4 >=1

. 22
& EW_r(Lya) >10A Mauro(NB9I64)

We find 23 (22 new) candidate LAEs at z~7 in the COSMOS field.
Survey Volume = 1.26 x 10° cMpc3



First Results from LAGER:
LAGER-COSMOS in 34 hrs NBg64

- Little Evolution of Lya LF at z ~ 3-6:

Inhomogeneous Distribution of (Ouchi+08, Faisst+2014, Zheng+2016, ..)

z~7 LAEs (largest to date) in

LAGER-COSMOS: At z~7 (Zheng+2o17) :
1. Different Evolution at Bright & Faint Ends
Patchy Reionization? 2. Bright-End Excess
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Lyman-a Luminosity Function (LF) Test
Probing IGM Neutral Fraction at z~7 with LAGER

'é UV LD Represents the Galaxy Evolution
A 0g4(01) 5 Lya LD Represents the Joint Effect of
$ | 1) Galaxy Evolution &

8. Zheng+2017 452 2) Resonant Scattering by Neutral IGM
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Epoch of Reionization.

rch for Bubbles

Zheng+2017, z=6.94
Bright-end Excess
LAGER-COSMOS

B Oychi+08 X Santos+16 + Konno+17
X Santos+16
D Ota+10
O Shibuya+12

® Zheng+17 (LAGER-)
® Konno+14
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Image credit: Top: NAOJ;

Zhenya Zheng @ SHAO
Middle: Robin Dienel & Carnegie Obs.



LAGER-COSMOS

2 sg-deg * 23 Ly-a galaxies at z~7

"B
* %
L
paration = 3.4 arcmin

e

Ical Mpc at z~7
- .

NOAO Press Release 1703



Spec. Confirmation of the 3 Brightest LAEs
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6 hrs Magellan/IMACS obs. on Feb 6-8, 2017 (FWHM~200-300 km/s)
Hu et al., 2017, ApJL, 845, L16 (arXiv:1706.03586).



Summary of First LAGER Results

® LAGER s the largest narrowband survey for LAEs at z~7 so far.

® The new Lya LF from LAGER LAEs shows different evolution at the faint-end

and at the bright-end 2 x_HI ~ 0.4-0.6 atz ~ 7.

® LAGER helps us to find and confirm 3 most luminous LAEs at z~7, of which 2

are likely to reside in an ionizing bubble.

O SR LAGER-COSMOS
¥ Ak . 2 5q-deg * 23 Ly-a galaxies at z-7
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Zheng, Wang, Rhoads et al. 2017 Hu, Wang, Zheng et al. 2017 NOAO Press Release 1703



LAGER Status Updates
(2018-)
Data:

I.  More NB964 imaging data;
2.  Improved image stacking methods

(Sigma-clipping weighted coadding with Swarp; LSST pipeline coadding);
3.  Better & deeper broadband images (HSC & DES)

Science:
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Clustering Test of Lya Galaxies

Average ionization fraction

Distribution of ionized gas

Intrinsic distribution of galaxies

Apparent distribution of galaxies

McQuinn 2007



Improved COSMOS Sample

Simulation, x

A

T o

réliminary

Jensen+2013

LAGER z=6.94 LAEs
Zheng, Jiang, in Prep.

Priliminary Result

z=6.6 LAEs
Ouchi+2010, 2017




Figure 2. Top: the 21lcm brightness temperature in mid model
at redshift z = 6.6. In fully ionized region 67}, ~ OmK. Bottom:
the associated LAE distribution. The panels are maps integrated
within Az = 0.1 ~ 40Mpc.

Lyoa & 21 cm Cross Correlation Test

ral

! 0.3

21cm-LAE cross correlation function

0.25

€21,ga1(r) = (921 (X)dga1(x + 1)),

221 ,gal(r)[mK]

x[Mpc]

Kubota+2017, Simulations

2=7.3(f;;=0.60) ==
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100
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8Ty (=) '

O21(x, 2) =

Available & Future 21cm arrays:
PAPER (South Africa & WV)

MWA (Australia) [we are preparing MWA proposal now
SKA (Australia & South Africa)

x[Mpc]




Low-z ELGs & Blobs from LAGER Survey

Giant Nebulae; Luminosity Functions;
Star-Formation History; Galaxy-BH Coevolution; ...
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NB964 selected objects
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Comparison Between
DECam NB964 & HSC NB973

Chlle Blanco (4m) Hawaii Subaru (8m)
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Cerro Pachon Sky Emission

DECam-NB964

940 960 980 1000 1020
Wavelength(Smooth FWHM=1nm)
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~ Conclusion -
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-® More data hay_e b‘een C-O“eC_t,e.d thro‘._ )

are on-going: new LFs, clustering|anal

© DECam/NB964 is better than HSC/NB973 at catching luminous z~7 LAEs
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