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Prospects of Future GRB Missions
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Prospects of GRB Physics

AOrigin of GRBs (Progenitors), Central Engine, Jet dynamics,
Progenitor environment, etc.

AShort GRB, Dark GRB, Fast transient cosmic flashes like
Primordial Black Holes, DM accretion

APotential candidate of candle A see if can be calibrated, i.e.,
rise time correlation with luminosity, E-peak, t lag, etc.

AEarly Universe: Reionization history, First stars, Star
formation history

AExtreme Universe: Black hole, Event horizon, Gravity, Shock
breakout, Tidal disruption, etc.

AFundamental Physics: Lorentz invariance & CPT violation

ASynoptic astronomy & Multi -messenger astrophysics:
Neutrino & Gravitational wave counterparts



The afterglow
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GRBs, Early Universe Proves?

AGRBs are the most energetic explosions in the universe
A Potential candidate of standard candles? Early universe probes!
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AGRBs have great leverage in time
V GRBs could probe the epoch of first star formation, at z~10 -15
V GRBs could probe the epoch of reionization at z~7



Renaissance of GRB

BATSE (1991) HETEZ2 (2000) SWIFT (2004)
(Burst and Transient  (High Energy Transient NAS MEBEX
Source Experiment) Explorer-2) GRBdedicated mission

GRB Alert Network B“""
S ban

Fermi Gamma-ray Space
Telescope (2008)

X-ray missions ( BeppoSAX |l nt egr al , MAXI ée) , g
UFFO-pathfinder , SVOM SRG, YANUSPOLAR,UFF1 00, ¢é i n n



Instrumental Progress in  FUTURE MISSIONS?

ASwift wondét run forever, will end
A Improvement in terms of sensitivity, bandwidth, precision, in the
domain of oflux, color, and ti medo

I Higher sensitivity in photometry, wider energy band with lower E,
rapider time response A larger, finer, faster detectors & telescopes

A High-z GRBsobservation, for early universe probe
I First star/galaxy, reionization, dark age, cosmology to z=16
A IR observation, higher sensitivity in X -ray (E<10 keV)

A Early (or prompt) photons, as early as X -ray

I Progenitor/powering/shock/radiation/classification, shock
breakout, short GRBs, dark GRBs, DM accretion, Primordial BH

A Rapidresponse slewing technology
A Polarization measurement, for gX-ray/UV/optical/IR
I Early/extreme universe probes

A Synoptic (multi -band observation) and Multi-messenger astronomywith
dedicated mission(s) for 0 A | eto grodnd telescopes

n  World wide collaboration and endless contribution



Energy Spectrum of Prompt Emission

Zhangetal. 2012, GRB 110205A
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As -ray / optical emissionsmay have different physicalmechanisms
A multi-band optical data & low energy-¥xay A high precision data needed
AGRB 99012Mostly emitted by -rays,> 2 orders ofmag larger than optical, a
break between high and low energies, different physicalgin
AGRB 080319BOptical bysynchrotron/ ! -rays by SSCsecondorder ICA GeV
emissiondetected byLAT

A multi -band observation in optical needed



Correlation between X -ray and Optical

e GRB 041219
AOrigin of GRBs = Probably
i Correlation or delay of light curves from .t
different bands A physical linkage bet. j
emission processes in two wave bands o e ‘“_ic il i
I Correlation of early optical & gamma a 2Ee - GRB 990123
) £ " Vestrand
V Accidental (or rare) measurements of S “Fetal. No
only handful events since 1999 <a<f 2005
V Data marginal except for 080319b oof = mm eI T o2
i Is this clue to additional processes(internal
shock, reverse shock, central engine «r GRB 080319b naked eye

afterglow, late time activity), or different Mostly

origin of GRBs like SNIaand SNIIF

I What about these correlations of early
emission of SGRBs?

i Need fasterresponse& r esol ut i
wait until luck happens again) 5 2w W ®m
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Correlatlon
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Early Time Measurements of Optical

Panaitescu, A. & Vestrand, W.,
MNRASBS? 497 (2008)
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Huge variation in light curves !
Prompt optical emission, the rise phase of the light curve ?
Event statistics is poor, data with only one or few points
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Rising Time of Optical

Forward Shock (Afterglow) Emission
(Pand@eta=2ills
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APeak time of the rising optical light curves A
initial Lorenz factor B, (Sari & Piran 1999,
Molinari et al. 2007 ).

AFor BLF=1000, need to respond faster than
10 sed

AThe rising light curves are also important to
understand the onset of the afterglow (Sari et
al. 1999):

AF(t) = AtW

Aa~2 (& < Voptical) ora~3 (& > Voptical) in the
case of ISM ora~0.5 for a WIND density
profile.

AANd to constrain off -axis (Zhang & Meszaros
2002; Kumar & Granot 2003 VanEerten &
MacFadyen2011, 2012; Granot 2012), and
structured jet models (Painatescu et al. 1998,
Granot, Ramirez-Ruiz & Perna 2005).
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Rising time of Optical for Cosmology

ALuminosity (might) correlate with rise time
(Panaitescu & Vestrand 2008)

I Majority of sample data not used due to
the lack of early data
A 2/30 total in P08 have <60 sec
peak, but majority (18/30) have no
clear peak
I MOSTt,,, unknown
I Needdata at earlier time!

Alj . Eiso_52 (Lianget al. 2010, Lu et al.
2012)
Alj E,ca (Kannet al. 2010, Ghirlanda et

al. 2011, GCNSs)

Aetc.
AClear Demanding of Faster Response

2
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Early Afterglow

AEarly observations of afterglows are important constrains to
progenitor models and underlying physical mechanisms, and
geometry of the outflow (Gehrels, Ramirez-Ruiz & Fox 2009)

AThe socalled 0 af t e D i3 likelyw a superposition of the traditional
external shock afterglow and internal dissipation of a long-lasting
wind launched by a gradually dying central engine. (Bing Chang,
GRBR012, Mabella)

Prompt X-ray light curve X-ray afterglow light curve
— T e

s = it FIS ) P~ T

Early UV-optical light curve UV-optical afterglow light curve
et N

AUV/optical emission at early time ————. 7

SRR .. S - W 1
is believed to be from external tfHowwileay | |
forward shocks s | B
A But, they also could be from = =f
reverse shock, internal shocks, § °f v weine Lo,
central engine afterglow, or late & _ [ e sreceiner 5 e |
time activity N R .

AFaster response than current, A
high time resolution, required e st i

Time since trigger



Forward Shock versus Reverse Shock
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reverse shock emission (Pandey et al. 2011)
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Sari & Piran 1999;
Zhang, Kobayashi, Meszaros(2003);
Gomboc et al. (2009)

LUy L

AStrength of RSdepends on
magnetization content of the
ejecta

Aln general reverse shock feature
IS not clearly visible at optical
frequencies

AWhy ? Faint, merged, other lower
frequencies Baryonic /
magnetized outflow ? Time scale?

GRB 060117

" (Jelhek et al, 2006)
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AExpectation 20-30 long GRBsjr, but ~30% will be dark events (Melandri

et al. 2012)

Dark bursts

ANo optical emission observed A Dark bursts
V Believed to be circumstellar extinction or Lya absorption
V Host Obscured, Highredshift, or Intrinsically dim
V Maybe due to faded out too fast

= RB=
= ¥XRF=
= 090313

1000 104 108
Lo/ (1 +2) [sec]

Melandri et al. (2010)
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Short Hard GRB

A Short GRBs

I Physical time scales: light curve peak time at any epoch gives a
hint of the most important physical processes in that epoch

I Light crossing time of outer accretion disk bounds, dynamic time
scales of large accretion disk systems, and other time scales A
sub-minute regime A require rapid response

I Also the time scales of jet formation or deceleration in this small
system

A Very Short GRBs

I May originate from the evaporation of Primordial Black Holes and

its time scale <100 msec (Cline, Otwinowski, Czerny Janiuk 2011)

I DM accretionto NS (PerezGar ci aodos t al k)

17



Multi -messenger

AMulti -messenger Astrophysics
I Physics in correlation and delay for

A Lorentz violation from the time delay between different energy
photons, and photons and non-EM emission

A Short GRB: gravitational waves vs. optical -gamma light

I Cosmology with space GW also needs z. Perhaps get many from
prompt observations of SHGRB

A Neutrinos vs. optical -to-gamma prompt light
A HE vs. Low E delayd GR alternative models (high-z vs. low-2)

A These time scales potentially very short, need faster response,
which may revolutionize astronomy and great understanding of
black holes, neutron stars, cosmology, strong filed gravity

18



Limit in Swift Response Speed
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Early time optical follow -up observations of GRBs

ARobotic telescope: BOOTES 1-5, BOOTESIR, Pi of the sky,
PROMT, ROTSHII, Super-LOTIS, TORTORA
ALarge telescope: Keck, GROND, Faulkes, P60, Gemini
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Swift Is swift

BeppoSAX

OFi rsto GCN s pacFe rtsetloe spcoapnet i r

AGRB afterglows can befollowed up by satellite itself besides sending
the position to the Earth (BeppoSAXn 6-8 hr, Swift in ~1 min)

AEarly follow -up (within ~1 hr) only available to Swift so far (even very
early sometimes with response of ~1 min) due to the slewing time of
the spacecraft

Is it possible to beat this 1 min barrier FROM SPACE ?
First sub -second response telescope?

21



: Swifter than Swift ?

I . ’ ’ ; ,////
Step 1: wide FOV A_\ (.

X/gcamera locates 4 '
GRB & 4

SWIFT rotates entire spacecraft t'/o-point telescopes

‘ Park 2006; Park etal. 2009;

Park, ‘et al, New Journal of
Physics 15 (2013) 023031

=

UFFO Concept: Move the optical path, not the spacecraft with
fast slewing mirror system A much faster

Step 2: Spacecraft
rotates to point at
GRB

(Slewing system can be built
either with flat mirror or with MEMS  Mirror Array + Gimbal Platform)



Comparison of Space Instruments

Space mission BATSE/CGRO| BeppoSAX HETE2 Swift GBM/ Fermi UFFO/ UFFO-100
Lomonosov

Gamma/X -ray 20 keV ~ 8 keV ~
energy range 8 MeV 2~30 keV 2~25 keV 15~150 keV 40 MeV 5~150 keV 3~300 keV
X-ray instrument :
Acoded mask+ Acoded mask+ Acoded mask Acoded mask +  Acoded mask
A detector type ENE@I) prop.counter prop.counter + CZT ANal+BGO YSO + Si & YSO
Ao IEIEEEAS 126 cm2  A140 cm? A350 cm? A5240 cm? A143126 cm?2  A191 cm? A1024 cm?
AFOV(half coded) [¥IEd; A40340 deg?  A80380 deg? A100360 deg? A2.5sr A90.2390.2 deg? A90390 deg?
N[oloz| P21l l=we S A~ 2 arcdeg in A<5 arcmin A10 arcminin = A1~4 arcmin (4 A1~5 arcdeg A10 arcminin 7s A7 arcmin in
68% (-1.5 i 99%) 90% in 8s) 7s
UV/optical/NIR None None None UV/optical None UV/optical UV/(IJ\lplacaI/
UV/optical/IR
response time : , : Not N
after Not applicable Not applicable Not applicable 60 sec applicable 1 sec 0.01~1 sec

trigger(typical)

GRB events/year ~300 ~10 ~12 ~100 ~260 20~30 >70
Launch ~
s 1991~2000 1996~2002 2000~2006 2004~ 2008~ 2014~ 2018~
termination year



Explored or Accessible Domain for GRBs
Park et al. 2013, New Journal of Physics 15, 023031
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Explored or Accessible Domain for GRBs

gray

eV)

-

X-ray z

y

Detection ener

Park et al. 2013, New Journal of Physics 15,

023031

107 LR B

£
10° £
o
&)

T

Fermi (GBM)

UFFO (UBAT) Swift (BAT) -
>~
s 8 Swift (XRT)
10° L
410"
102
+410'®
101 = ROTSE—Ill, TORTORA, BOOTES .
[ B B B E B B B B B EBE B |

Swift (UVOT)  —

1000

Frequency




UFFO/Lomonosov

A Pioneering mission to prove the concept of Slewing Mirror
Telescope by measuring early photons ( 1 sec after X -ray
trigger )

A 10 cm aperture Slewing Mirror Telescope with small X -ray
coded mask onboard Lomonosov spacecraft




