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e Cosmic Background Radiation — the total integrated light

emitted and absorbed along the line of sight.

e Measurement of the cosmic background gives constraints on
the cosmic evolution history as global mean.
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Universe was re-ionized
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Transparent to radiation

Inflation Birth of the first-generation stars and galaxies .
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The re-ionization may be caused by strong UV radiation
from the first-generation stars and galaxies. Present universe




?  Result of the CMB-pol measurement  cee__
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* Thomson scattering optical depth in ionized IGM in LoS (z.)
is derived from the CMB polarization measurements (EE-mode)

* 7,~0.09/0.06 from WMAP/Planck
* Re-ionization redshiftz.. ~ 8 - 10
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* Neutrality of IGM can be estimated from star formation rate
density from redshift distribution of distant galaxies.
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IGM neutrality from galaxy observations cees_—

* Planck result does NOT require additional re-ionization sources.
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* First stars are thought to be extremely massive.

* They emit strong UV light, that may ionize intergalactic medium.
* The UV radiation is redshifted into the near-infrared.

* Radiation spectrum indicates sharp edge due to IGM absorption.
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Artist’s View of Star Formation in the Early Universe

Painting by Adolf Schaller « STScl-PRC02-02
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Cooray&Yoshida 2004 (MNRAS, 351, L71), Santos et al. 2002 (MNRAS, 336, 1082)
Tsukuba University TCHoU seminor 2018. 1. 26



| EXZIT ¢

KWANSEI GAKUIN

Observations of the infrared background CIBER;Q

* Precise measurements of the near-infrared background
were carried out by space infrared telescopes.

Tsukuba University |RTS/SFU (15AS)1995  Spitzer (NASA) 2004 AKARI (ISAS) 2006
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& Observed near-infrared background  cee_—

* (lear discrepancy between the measured background and
the expected levels of the integrated galaxy light.
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Observed near-infrared background — cse_—

&
* (lear discrepancy between the measured background and
the expected levels of the integrated galaxy light.
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& Foreground subtraction
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* To measure the background radiation, subtraction of the
foreground radiation from the observed total brightness
IS necessary.

Total sky = Zodiacal light (interplanetary dust) ~80%
+ Galactic light (starlight and dust) ~10%
+ Integrated light of external galaxies ~5% (?)
+ additional isotropic background ?

* Underestimate of ZL is most plausible
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* We have already flown CIBER four times.

(Feb 2009, Jul 2010, Mar 2012, and June 2013)
* Allflights were successful. Four-stage Black Brant X! for 4 flight
* NASA team award P68 SR
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CIBER payload

Focal Plane Assemblies LN, Cryostat

Experiment Section Door & Imagers
Ring Static Baffles

y i’ Optical Bench

1

Narrow Band Spectrometer

Low Resolution Spectrometer

From Zemcov et al. (2012)

Pop-Up Baffles (Extended)

Tsukuba University TCHoU seminor 2018. 1. 26



g
~ Observed sky brightness L

Sky brightness levels are similar to previous observations

Extragalactic background —  SWIRE ]
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Zodiacal light — major foreground = czee_—

* Zodi dust cloud has complex
structure, not easy to model ot s

* COBE team constructed complex G
but reliable model of ZL

e But, we still need better
understanding of the ZL spectrum

Image courtesy May (2007)
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Zodiacal light spectrum

EXZIT 4::*
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CIBER
=

» ZL spectrum - difference of sky spectra (Sky-ISL-DGL) at different
ecliptic latitudes, cancelling out any isotropic offset.

 Slightly redder
than the solar,
but similar.

e Thisis the first
measurement of
ZL spectrum in
this region.

* Subtracted ZL
using the COBE
model of ZL
distribution.
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IGM absorption of TeV y-rays by NIR EBL =5y

Observed spectrum

»

Gamma-rays
from jet of Quasar

Emitted spectrum-

e

Energy Flux

low"absorption
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-« Model-independent minimum CIB
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* Subtraction of “Quasi-isotropic” ZL component
* 5% more subtraction than nominal case (Kelsall et al. ZL model)
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¢ CIBER background result  a=__
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-« CIBER - AKARI combined result
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* Minimum CIB result — Integrated galaxy light
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4 First stars ?
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* Comparison of the CIBER — S
minimum CIB with models of
early stars at z>8

* A maximum model can
explain the observed level.

-2 _—1
ZSF

* assumes a Top-heavy IMF,
extremely high star-
formation efficiency, and
deep obscuration within

nW m

Flux
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with the electron optical I
depth from WMAP/Planck.
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& Early black holes? e ¥
* Direct Collapse Black Hole
(DCBH) may solve the . -
problem

 Intermediate mass (< 10°6)
BH formed by direct gas
collapse

* Radiation efficiency is high
enough to account for large
part of the background excess

* highly obscured as Compton-
thick AGN not to be in conflict
with CXB

Tsukuba University TCHoU seminor 2018. 1. 26
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o DCBH density & SED coes

e Cumulative mass density of Direct Collapse Black Holes (DCBH)
and the accreting one.

* The accretion is necessary for contributing to CIB.
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should have similar spectral sha

A

Surface brightness A/ [nW m'zsr'1]

ZL is still suspect

* It might be ZL with isotropic distribution, though
the spectrum should be extraordinary, i.e., ZL
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%‘/’ CIB Fluctuation measurements
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& CIBER observed fluctuation power
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First stars?

EXZIT 7
(UD) oansae | ,)

CIBER __—
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* Comparison of the lower limit from CIBER with a model
of early stars at z>8
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¥ Early black holes ?
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* CIB-CXB cross-power spectra show .
that small-scale CIB fluctuations are’
associated with AGNSs.

* Large-scale clustering of CXB may
contribute to CIB fluctuations.
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& Early black holes ?
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e DCBH model can explain both f
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SED of CIB fluctuations e
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Intrahalo light(IHL) of nearby galaxies rather than high-z objects ?
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' CIBER-2 experiment croer__
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* >10 times better sensitivity than CIBER
* Measuring the optical background for accurate ZL sub
* Measuring the spatial fluctuation in 6 wave-bands

e Plan tolaunchin2018!

LN2 vessel and
Popup baffle suspension Electronic box
in warm section

Shutter door
with baffling

| CIBER-2 Lt =
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Optical Imaging optics
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wes. Hardware work on CB2 in progress e —

* Optics fabrication and testing
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ZL decreases with heliocentric distance cee_—

\{\(.9.
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* Best solution to mitigate ZL is interplanetary mission

* If the modelis true, we have chance to see naked
extragalactic background with no ZL contamination.

1000.0 f T T T T T T ' R Aaa Sl 1.0AU (Earthorbit) |
" ipromme  COBEmodel based calculation | _’4
E M - ~=C y v
100.0 B - : v
i ECLPTICPOLE

1. SAU (Mars orbit)

Zodiacal ligght at 1.25 u

10.0 — = .
1.0 = —
N = =
- 5. 2AU (Jupiter orbit)
D'. l ;;;;;;;;;;;;;;;;;;;;; 1 PR ST S S S ST S S S S S T T " -
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o OKEANOS - Solar Power Salil CIBER
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O K EAN O S (The Oversized Kite-craft for Exploration and Astronautics in the Outer Solar System)
* Mission to explore Jupiter-Trojan asteroid

* Proposed as a candidate of ISAS M-class and on the way
to be real project

* We plan to measure
CIB in cruising phase
with a science
instrument (EXZIT:
Exo-Zodiacal Infrared
Telescope).

— Passively cooled
10cm telescope
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&  Interplanetary Space Telescope (IPST)
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& Summary
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* CIBER measured CIB mean intensity after
foreground subtraction based on the COBE ZL
model is consistent with previous satellite results.

* We derived a ZL model-independent CIB lower limit
from CIBER data, and it is marginally consistent
with the gamma-ray limit.

* First star and DCBH models may explain the
derived CIB lower limit and observed CIB
fluctuations, but extreme condition has to be
assumed to avoid conflict with Planck electron
scattering optical depth.

* Need more observations to test varieties of theory.
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