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»Expected Observational Properties: of: PopIIT Stans:
>Our Observational Trials and Results

>Future Plans with Subaru/HSC
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Spectroscopic sample of very high-z galaxies
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»Z'dropout-selected galaxies @GO0DS-S
»VLT/FORS 15.9 hours (Il
» Simultaneously observed with MOS
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Spectroscopic (??) sample of very high-z galaxies
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Spectroscopic (???7?) sample of verv hlqh zanaX|es .

Stark e‘r al (2007)
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»Blind searches on "critical lines”

»Grav. magnification factor: x10-50
»Keck/NIRSPEC 5-15 hours for each slit pos.
»8.6 < Zgy |enseq < 10.2

>VWRWEHENICERIFANSNTERLSA,
>ARYTEENREREDLDNROE(ICIZBIHNSH?
»>PhotometriclC(EBouwens+09FEDEREHH D,
PEHMOIRCS TP RS ELEEIFEREEXRLL..



Photometric sample of very high-z galaxies
' Bouwens et al. (2011)
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UDFy-43086276 " Bouwens et al_ (2010)

> S0, we now know many high-z galaxies.

»How about their stellar population?
»Y-dropout galaxies @UDF »Are they hosting Population TIT stars?
>8.0 « Zpp, < 8.5 > D SEBULWAT. <D ALRL,

> 3rd one was spec-confirmed (?)



What’s happening in such very high-z galaxies?

Flux density (1078 erg s~ cm=2 A1)
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»>GRBs also observed at z>6
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»Expected GRB rate: high even at z~10
»Population ITT explosions?



Poplll stars at z<10 17?
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»Some models predict the PopIIT presences even at z~4-6.
»Currently accessible redshifts... Why not search for PopITIs?
»How to distinguish PopIII-hosting galaxies observationally?
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Properties of Population |l stars
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> Very top-heavy IMF

log L/L,
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due to low opacity
even below M=100M_,

»Very hard SED
especially at FUV
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..could be diagnostics for PopIIT stars!?



SED of Poplll stellar clusters (= Poplll galaxies)
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Expected spectrum of Poplll galaxies

Pop III: Salpeter IMF (1-500 M,)
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Expected strengths of emission lines
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Possible strategy for PopIII searches:
1) search for strong "Lya emitters”
2) identifying He II line among them .




Note: Simulating Emission-Line Spectra
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Our searches for “extreme” Ly alpha emitters
Nagao et al. (2004)

————— Extremely strong LAEs at 6.0<z<6.5
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Eight NB921-depressed objects among 48 i’-dropout
galaxies in the Subaru Deep Field (deep & very wide!)




Further optical spectroscopy Nagao et al. (2005)
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Using Subaru/FOCAS & Keck/DEIMOS = s | _'
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Among 8 photometric candidates...

1

(@)

/5 LAEs with a large EW ( >100A !!)
~ Z,000=6.00, EW, =114A
~ Zpec =6.03, EW = 94A
~ Zgpec =6.04, EW, . =236A
~z...=6.11, EW ___.=153A i
~ Z,pec =6.33, EW,,=130A ' WW RN
2 no signal (slit acquisition failure?) . | |

spec rest
Sky Emission

| :
SDF J132442.5+272423

Flux Density (107'® ergs s
o
|
!

(@)

1 unobserved (due to limited observing time)
\ 0 low-z interlopers

Nagao et al. (2007) -

8400 8600 8800

NB-depressed i-dropout method is very efficient to find large-EW LAEs
EW is accurately determined through NB921 magnitude
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Evolution of Ly alpha equivalent widths

The fraction of the broad-band selected galaxies with EW.,..(Lya) > 100A

i'-dropout at z~6 > (at least) 5/48 ~10% 1
U-dropout at z~3 - roughly ~1%

Significantly higher at z~6 than z~3

~1000 U-dropouts |
Shapley+03 - 1

Evolution of the stellar population

I

200

Only ~17% !l 7 Possibilities:

] ~ Younger stellar pop. ( <107yr)
- ~ Top-heavy IMF
: ~ Presence of PopIII

0 100 200 | “
EW.,..(Lya) => Observational Test through He IT !
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Evolution of Ly alpha equivalent widths (contd.)

Cosmic Time (Gyr)
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»UV LFs of LAEs & LBGs at z~6 @SDF »Spectroscopic campaign @GO0ODS-N
»Roughly comparable number density ~ »LAE fraction is increasing
> Suggesting a high fraction of LAEs » Suggesting evolution of stellar pop.
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NIR deep spectroscopy to search for He Il emission

SDF z’-band image

Nagao et al. (2005)
Amg(ﬂm)
0.17 0.19 0.21 0.23 0.25

11 12 183 14 15 16 17 1.9
Am,.(l"vm)
Subaru/OHS (OH airglow suppressor) only upper limit

54 ksec on-source exposure for ‘ ~ F(He 1l) < 9.1e-18 ergs/s/cm?
a LAE at z=6.33 with EW,_,=130A ~ SFR,. < 1.8—13.2 M, /yr

rest

Poplll

Since F(Lya) suggests SFR. ., > 16 M, /yr,
the star formation in this LAE is not dominated by PopIIT.
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Possible implication

Scannapieco+03

El | | I R [ PO | I | B SR PR | l IE
. 0.8 £1071° E
expected fractions of 06 E | E
PopITII-dominated galaxies (Scannapieco+03) 0.4 E 3
: 0.2 F =
— as a function of mass and R s S SR
“energy input per gas mass" (€ IMF) 1 E10-25 E
: 0.8 & =
— low feedback models might be 0.6 E =
disfavored by our result 8-421 3 =
1 E
but no strong constraints... 82 = E
— only 1 target has been examined... 8-‘2L E- E
1 E
0.8 & —=
0.6 = | =1le7 =
0.4 F =
0.2 E! E
- - =TI BN =
Further ohservations are crucial. 10

redshift 19



A further trial for the “direct” He Il detection

Cai+l1

»HST/ACS imaging obs.

>He 11 with NB filter () &

»>5.6h (8 orbits) for NB
>1.4h (2 orbits) for BB

F125W

|

2.0x10°"* T T T T
[ .. ® He Il + UV-continuum
I IOK~1 ® UV~continuum in F125wW
I 2=6.96 @ UV-continuum in F160W
1.5%x107 "}
Ca ! Lyo d
I
> '
o~ F130N -
E i P 3 SO i Ny YRR |
=3 1,0X1O-‘9 - T o~ l'| i 0 " R . -
T - | 1 ! * \
® L ! H { \ -
o g oo H { |
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= I F125W IF160w l
5.0x10" 2 ! ; .
L ! |
I § I
[ 1
[ h { :
L I I l| \
s} O, ] [\ DO WO T | PR | Bt e SN
8.0x10° 1.0x10* 1.2x10* 1.4x10* 1.6x10* 1.8x

Wovelength(A)

r

m

F130N

»1.2 sigma excess in F130N (I?)
»F.rr=1.2+10x 1018 cgs

»~5 times deeper than our obs...
»SFRpoprrr < 0.5 Mgy yr!

» SFRpoprrr/ SFR 414 < 67

»>Detection with JWST is feasible
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Stacking analysis
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Our search for “Lya-He Il dual emitters”

»Spectroscopy? ..not a bad idea, but too expensive

~ faint HeII emission at NIR (or red part in Opt)
~ low number density of targets --> longslit obs.

»Narrow-Band Imaging?

~ requiring "well-matched"” combination of filters
~ requiring huge FOV to search "rare" objects

- = Subary/Suprime-Cam + custom filter set

. T very wide FOV For both
(27'x34") Lya @A, = 1216A &
HeII @ A .. = 1640A
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Observations . ' ‘ ' ! i
z=4.6

> z=4.0
~ HeIT@8200A: "NB816"
~Lya @6080A: "TA598"

> z=4.6
~ HeII@9180A: "NB921"
~Lya @6810A: "IA679"

NB816 NB921

H |

- IA679

J' J| ,
A “h’b.wla ll [ J lj)"la‘hj' JIL"L"\/H NJ*LL‘}V‘MKAJT
5000 6000 7000 8000 9000 (A)

> NB816 & NB921
~ originally for Lya emittersat z=5.7, 6.5

» IAB98 & TA679
~ wide bandwidth (DI~300A): sensitive only to large-EW
.. ho problem for us, because our targets are PopIIT |
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Selection of “IA598-NB816 dual emitters” (z~4.0)

N
T
A L "
N
T

Cont. - NB816 (mag)

—
=
T

Cont. - IA598 (mag)

26 ] 22 24 26

TA598 (mag) NB816 (mag)

22

» Cont. -IAB598>0.3mag < EW, . >114A
(133 objects)
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Selection of “IA679-NB921 dual emitters” (z~4.6)

N
T

Cont. - IA679 (mag)

22

TA679 (mag)

26

Cont. - NB921 (mag)

N
T

=A

(@)

22

NB921 (mag)

» Cont.-TIA679>03 mag & EW,.>14DA

(234 objects)



Results: Discovery of “dual emitters” 17
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Results: No “Lya-He Il dual emitters” found...

24_
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Models Bruzual & Charlo‘r (2003)

All TA-NB dual emitters show
"blue” B-V colors (B-V < 1.0)

Galaxies at z > 4 should show
"red" B-V colors (B-V > 1.5)

Wavelength (&)

TA-NB dual emitters :

consistent to

[OII] & [OIII]at z=0.6/2=0.8
Hb & Ha+[NII]at z=0.2/2=0.4

HB in IA598
HB in 1A679

[01] in 14598

Z=0. OOSZ®|

[O1] in 1A679

Lya in IA598

- Lya in 1A679

—

Redshift

@)

N

> No ‘Lya-HelII dual emitters” found..



Upper limit on the Poplll SFR density (SFRD)

»>Our survey sensitivity on SFRpy,111
L(HeITI) = fig40 X SFi ’QPopIII

~ fi640 - depends on model parameters, e.g., IMF
~ adopting fiz4o reported by Schaerer (2003)
[assuming Salpeter IMF with 50 < Mpy,r17/ Mgy, < 500]

[SFRPopIII]Iim ~ 2 Msun/yr

»Upper limit on the PopITT SFR density (SFRDpopr11)
Viurvey = 4.03 x 10° Mpc? (3.93<z<4.01 & 4.57<2¢4.65)

~ no galaxies with SFRy, 111> 2 M, /yr were found
~ assuming no PopIIT formation with low SFRpy,111

~ [SFi RDpopr1rliim = [SFi Reoprrtliim / Vaurvey
SFRDpgprrr < 5 x 10 My, /yr/Mpc?



SFRD(Poplll): Comparison with a model prediction

SFRD model:

Tornatore et al. (2007) _;

Observational limit:
Nagao et al. (2008)

Illlllll|Ill]llllIIIHllllIllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIL

1o 8

Iljljllllllllllllllllll lllllllllllllllllllllllllllllll

|‘l\ |
L' “'n '(J '\/
J VI

mENPEEENNI

4
ﬁYllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

!

2 3 6 8 10 12 14

Redshift

—_—
—

30



Summary

»Some models predict the presence of PopIII even at 4<z<7
~ now accessible with large telescopes such as Subaru

»PopIII-hosting galaxies show an extreme Ly a and strong He 11
~ due to the high effective temperature of PopIIT stars

»Evolution of the Lya EW distribution from z~6 to z~3
~ suggesting the presence of PopIIT in galaxies at z>4?

»>Our survey for "dual emitters” gave a constraint on SFRDp,,111
~ still consistent with predictions, but H&EH55 &L\,

»Future plans with the Subaru/HSC legacy survey
~ observational tests for PopIIT models will be feasible soonl!
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