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outline

I. GRBs and the high-z Universe

- overview: early excitement vs recent calming down
- quasar contribution to reionization
- gamma-ray probe of UV background

*star formation rate, metal evolution, damping wings...
-> later talks
recent reviews: Space Sci. Rev. (2016) 202

I1. neutron star mergers and r-process nucleosynthesis
- potential of X-ray diagnostics



cosmic dark ages -> cosmic dawn
i Bl Bang - big bang

Big Bang (years)

z~3600 , e TSI - matter-rad. eq.
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The Dark Ages star

75>~30 STTECil - first stars,
T The Reionization starts galaXleS ,
black holes...

-> reionization

Z~8 — 10 The Cosmic Renaissance
The Dark Ages end \

the Universe becomes
transparent again

ZN6 “ . : <-Reionization complete, - reion . ends

- star formation

z~1-3 . Tleiak peak
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GRBs and high-z Universe 2000’s: excitement, hope
GRBs high-z
1967 discovery (670702)

1997 afterglow, cosmological z (970508)

2000 potential recognition ~2000 first star simulations
Lamb & Reichart 00 2001 quasar GP troughs
Bromm & Loeb O1...

2003 massive star (030329) 2003 CMB optical depth

Z i~ 1777

reion

2005 7z=6.3 (050904)

2009 z=8.2 (090423)
high-z GRB mania!



record redshifts (spectroscopic): -2009
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record redshifts (spectroscopic): -2017
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record redshifts (spectroscopic): -2017 quasars strike back?
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record redshifts (spectroscopic): -2017 galaxies strike back!
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current highest-z object galaxy at z=11.09
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scale [arcsec]

400

o

Flux Density [nJy]

200 —[

-200(~

GN-z11 HST WFC3/IR G141 Grism Spectrum

(

12

L

[l

Model at 0.08
Zgrlsm—1 1.0955:12

Age of the Universe [Gyr]

-400
1.1

1.2 1.3 1.4 1.5
Wavelength [um]

1.6

Absolute Magnitude MUV

09 0.8 0.7 0.6 0.5 0.4
231 i i i i
GN-z11 |
—22 i} - - n N
. p—
[ ]|
I.‘ -
-21 _
6. s
o
it
k B Zspec
r : o ® Zphot —
_{gle | | | |
96 7 9 10 11

Redshift

0.5

0.25

Oesch+ 16

)

UV Luminosity [L/L,(z



reionization z from CMB polarization anisotropy
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record redshifts (spectroscopic): -2017 + CMB z
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low abundance of z~10 galaxy candidates? Oesch+ 1710.1113
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cosmic reionization epoch
status circa 2003

When? early? late? two-epoch?

How?

What? Pop

topology?

min1-QSOs?

So what?

regulation of
dwarf galaxy
formation
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cosmic reionization epoch

status circa 2017

When? relatively late

How?

So what?

topology?
What? Pop I1? quasars?

Neutral Hydrogen @

regulation of dwart galaxy formation

baryon distribution in halos vs IGM
CDM small-scale power spectrum
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cosmic reionization: quasars strike back?
large number of low-L quasars? ‘5*:
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cosmic reionization: quasars strike back?
Hell Ly a opacity -> He reionization more extended?
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o 17 HST Hell sightlines /
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0 2.4 2.6 2.8 Redshift 3 3.2 3.4
lonization energy: s

Hel — 24.6 eV: near-simultaneous with H reionization (massive stars?)
Hell — 54.4 eV: quasars only

large fluctuations in HI Ly o opacity Becker+ 15
-> more patchy reionization by rare, bright sources?

GRB damping wing observations
probe of SMBH evolution



probing ionized IGM with radio dispersion
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IGM dispersion measure with reionization by stars+quasars
Mitra+16 model SI, Mitra, Choudhury, Ferrara, in prep.
DM of mean IGM » difference with respect to best fit
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- model differences not large but relevant for obs. (6DM~+-100 at z~2-6)
unique info on H+He reionization, evolution of low-L quasars

- variance due to LSS averaged out with large enough sample

- local DM main uncertainty -> can it be sufficiently constrained?

- uncertainties in reionization important for interpreting DM at z>~3



gamma-ray absorption: probeof r————————————
diffuse background radiation 7 s} P
(integrated starlight) B _iof : : 462
Y+y—et+e S} 1%
E € E»lzé— LQ\% 179
threshold: E € (1-cos 6)>2 m *c* . b ".\ 43
e.g. 100 GeV + 10 eV (UV) * % gy b
TeV + 1eV (IR) y absorption in blazars (z~<1)

-> probe of IR/opt background
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probe of high-z UV 1
background via

GRB gamma-rays =
Desai+ 1710.02535 %

g
22 Fermi-LAT GRBs withz & 001
2.80 evidence of EBL attenuation
at z~1.8 oot
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interesting prospects for CTA

1
- more robust constraints

- quasar contribution to EBL?

- probe H+He reionization? 1o
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r-process nucleosynthesis il s i
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r-process nucleosynthesis in NS mergers:
in-situ probe?
macro/kilonova  Barnes+ 16 difficult to obtain detalled info
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macro/kilonova in GW170817

good 1ndication but not definitive proof of r-process
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blue kilonova
indistinguishable from °Ni
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individual elements??
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— Model continuum
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short GRBs: X-rays from extended engine activity

X-ray powered

X-rays from
macronova model

transient magnetar spindown
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X-rays from remnant englne Murase+ 1710.10757

E Fg [erg cm™ 3'1]

E Fg [erg cm™ 3'1]

-12
10
10 [ disk emission, baseline (M=0.02My,, V=0.3c, modest K) ——— | disk emission, baseline (M= OOZMEWI V=0.3¢, modest K) ——
disk emission, baseline (M= ooiﬁ V=0.2c, high K) ——— BH disk emission, baseline (M=0.0 sy V=0.2c, highK) ——— |
[disk emission, optimistic (M= 002M *V=0.3¢, modest K) e _13 isk emission, optimistic (M= OOZMEL'\,)| =0.3c, modest K) v
10713 | disk emission, optimistic (M=0.08, ., V=0.2c, high K) -- - . diSk10 - disk emission, optimistic (M=0.02My,,,, V=0.2c, high K) - - - e
10-14 ~ - vl—'_' 10_14 E IO et =
o
L g L
1015 | | o 107°F
[ & o, r
LLl
M I
1070 ww 107 |
107" 107 |
-18 -18
10 10
10° 10°
. EleV] 6 .
thick E=3 keV thin E=30 keV thick t=10 S th1n t=10"s
B.=5x10'%G, P;=10ms (M=0.02My,,, V=0.2c, high K) —— B.=5x10°G, P;=10ms (M=0.02M,,,, V=0.2c, high K) ——
108 | B=10..G, P_éms (M=0.02Mg,, SVEZ0.2¢, modest K) . 108 - B.=10,.G, P, =5ms (M= 0.02Mg,,, *V20.2c, modest K) ———
B.=10'3G, Pi=1ms (M 0.02Mg,,, V=0.2c, modest K) — — - B.=10'3G, Pi=1ms (M=0.02Mgy, V=0.2c, modest K) -
T pulsar |
10 . L i
'I_(f)
% 2
. £ 10712 -
>
2,
Ty -14
" 1074 -
h 10-16 L
1078 : 10718
10® 10" 10° 10° 10” 10® 10° 10" 10" 10% 10°

E [eV] t[s]



X-ray opacity of NS merger ejecta SI, Hotokezaka,
o Murase, Bamba+
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acity of NS merger ejecta SI, Hotokezaka,
Murase, Bamba+
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X-ray “spectra” through NS merger ejecta

assume t~1 for 3rd peak K edge
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X-ray “spectra” through NS merger ejecta
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X-ray “spectra” through NS merger ejecta

assume t~1 for 3rd peak K edge
for line of sight at t=t,
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extended/plateau X-rays as GW counterparts
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X-ray reflection spectra
accretion disks in X-ray binaries, AGN
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