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1. UV background
2. Intergalactic magnetic fields
3. very first star (GRB)
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first star epoch z~100-10
Pop 3 =metal/dust-free, H,+HD-cooling
assume: no metal/dust, CR, B field, turbulence (DM annih.)

Pop 3.1 (1st generation) massive, high UV

1st HIIR (ion.+comp.) -> IGM reionization 1st BH -> 1st QSO
1st SN (ion.+comp.) -> 1st metal/dust (+CR+B)

P Op 3 . 2 (2n d g en er ati O n) (A) cosmological halo (B) star—forming cloud
not-so-massive?
. »
Pop 2 =metal/dust-cooling
1st sun -> 1st planet, life, human!
(D) ;1ew—b0rn protostar ((5) fully molecular part
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gamma-ray bursts ultrarelativistic outflow+shocks

Progenitor
(massive slar)

Afterglow

prompt X-y emission optical flash, radio flare radio-1R-opt-X afterglow
Internal shocks external reverse shock external forward shock



blazars relativistic jet+internal shocks

Ambient photon
or synchrotron
photon

Log v, [erg 5]

: blazar sequence |\
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1. gamma-ray absorption:
probe of diffuse radiation fields
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probe of local IRB through
gamma absorption in TeV blazars



probing local IR background with gamma-ray absorption

HESS observations of TeV blazars @z=0.165, 0.186
Aharonian+ 06 Nat.
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o strongly rules out NIR peak no strong Pop Il
o little “missing light”



gamma-ray absorption at higher z

Albert+ 08 Sci.

MAGIC observation
80-500 GeV
3C279 @z=0.536

_ QuickTimey C2
_ TIFFAiiOalekA| BLIEEVECEOEAEA
C™C+CAESENE EEC%40CECZC%C...COiKOvC-CIAB

E (t=1)

FEHiiblazarW AR KIL (0>1.5) %55
SRR A SO TFERIEIZUELY (missing lightlE A ZzLY)



gamma absorption at very high-z (reionization epoch)?
Oh 2001 ApJ 553, 25 (also Madau & Phinney 96)

reionizing radiation fields should induce ~10 GeV absorption

spectral attenuatlon factor =1 y-ray energy
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- reionizing radiation much better constrained now
- 2>10, effect of Pop 111 not well explored



high-z UV radiation fields from cosmic reionization model
Choudhury & Ferrara 05, 06

semi-analytic treatment with radiative+chemical feedback parameters €., €« Neser Morom
consistent with large set of high-z observations inc. WMAP3, x,,,, HUDF NIR counts, etc.
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pair absorption optical depth

SI, Salvaterra, Choudhury,
Ferrara, Schneider, Ciardi
to be submitted

"1 low z (0<z<5) model
Kneiske et al 04
1 (high stellar UV)
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significant optical depth from z~5-8 at several GeV
but not much effect z>~8 due to declining star formation, time interval



pair absorptlon attenuation factor
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GLAST, 5@5

appreciable differences in cutoffs between z~5-8 at several GeV
— unique, important info on evolution of UV at reionization epoch



different reionization models different Pop 11 efficiency,

exp(-t(E))

IMF. escane fraction, etc.
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only slight differences
— cutoff predictions robust? — useful as redshift indicators?



very hlgh Z blazars: detectablllty Y. Inoue, Sl+ (?)
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blazar evolution model (Y. Inoue & Totanli, In prep.)

- blazar sequence

- L-dependent density evolution (cosmic downsizing) up to z~5
- EGRET observations

extrapolation to high-z



2.“palr echos” (delayed secondary emission)
probe of intergalactic magnetic fields

Plaga 95
sensitive to very weak

Intergalactic magnetic fields
~TeV
MeV\X

.t
/ \‘fe' tB Ichiki, SI, Takahashi
IR >< \ CMB ApJ 682, 127
N new formulation

\ v ~cev  distinguish coherent or random B
dependence on coherence length



Intergalactic magnetic fields in voids
very weak primordial or high-z B fields could have survived

“Intergalactic archaeology”

Ny, B
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probing intergalactic magnetic fields with “pair echos”

Ichiki, SI, Takahashi ~0.3 Mpc
ApJ 682, 127 ~20 W
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GRB pair echos: detectability

log flux (/GeV/em”*2/sec)

log flux (/GeV/cm”*2/sec)
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Takahashi, Murase, Ichiki, SI+
arXiv:0806.2825

detectable out to z~<0.7



pair echos from TeV blazar flares
Murase, Takahashi, Sl, Ichiki+
ApJL in press (arXiv:0806.2829)
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3. The very first “GRB”:
characteristic signatures at z~30-607
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high-z GRB afterglows in IR c.f. SI, Omukai & Ciardi
2l e I 2007 MNRAS 380, 1715
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Subaru (ground) only up to z~17
Ly break >3-7 um  SPICA, JWST



Compton attenuation

3

. 3

concordance universe
Thomson thick at z>~56

SI, Nakamura+ (?)

E>~keV indep. of ionization
E>~MeV Klein-Nishina decline

Compton attenuated spectrum
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gamma absorption by high-z CMB?
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4. firstdust  Pop 3 — Pop 2 transition  Omukai+ 05 model

collapsing zero/low-metal clouds

- 1-zone, simplified dynamics T minimum -> fragmentation
- detailed chemistry inc. HD+metals+dust
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absorption by first dust (optical depth at fragmentation)

]-'0_""|'"'|""|""|""|""_ ]--0_""I'"'I""l""l""|""_
E — [ZH]=5 E — [ZH]=-5
05 PISN 195M, = [Z/H]=-4 - 05- SNII22M, = e [Z/H]=-4 -
] o= [ZH]=3 : ---- [Z/H]=3 |
00 s 00] T
%* 05F ] g _0_5:/' g i
—1.0:— ;' — _1_0j i

15H i 5L

_2.0_5§|||||||||||||||||'§||||||||_ _2.0_ 555||||||||||||||||||||||||_
-1.0 -0.5 0.0 0.5 1.0 1.5 20 -10 -0. h i ! 1.5 20

log A [um]

Implications if observable
- probe of Pop 3 — Pop 2 epoch (formation of first sun)!

- absence=Pop 3 signature? +IEBTRINATEZME ?

- probe of first dust properties



caveats: dust distribution in GRB environment
dust-cooled fragments -> not GRB progenitors?
effect of progenitor evolution: UV, HIl region, wind ...

destruction by GRB UV+X
foreground star forming cores

<l @m@@

star forming cores triggered by
photodiss. region driven shock
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