o e 1 A
' GRB observatlons |

e =
p\al. L]y

| |
oy

SRRSO J)

6‘(/161"_ , r-l«

iy, | -

25 YEARS OF KONUS-WIND EX_RE'P:IMENT, September 9-13,2019, St. Pet&r_sburg, NUSSE]



% o
H
\ i 5




%



Ant|C0|nC|dence (AC)_ 1
[50 keV -200keV]
4 (x3) +1 plastlc scmtlllators

s R
S

Super AG"-E'(SA) 5
4 Si detectors +W coded mask

AT dY AT dSINE; J:'!:-t LOTAGhiID)
I)O ""' Vi

30 Csl (TI) bars Fo



'gémma-ray sky . ol ,' o : "I-'e'r*_i‘est‘l-’ial Gamma—fay Fla'she's.(‘TGF's')"

56460 55480
Time [MJD]

1 00n80000 78000 76000 74000 72000 70000 68000 66000  64.000

kN

Crab nebula ; i 2
Cygnusregion GW follow-up partner



«spinning
| lmagers scan 807,,sky / 7 min

. Iow mclmatlon orblt °

pRE low back round

Zstiesps erigger logia
Sitiv ‘:ﬁ as "ﬂ’kﬁgﬁl‘!” : : e O 08y |

h.e. GRB compohent |




E2
f(E)

10!

102

103
energ
Y |
[k 10*
I EV]

10°

10°



E* f(E)

— GRB 990123

'(h

(\ll' 10'6 — ?;,

£ =

o _‘:',—

> .

ARty e

= el

i

10-8 sl P | PR W i | 1 o |
0.01 0.1 1 10 100
Photon Energy (MeV)
[Briggs et al., 1999]
107 10° 10° 10° 10°

energy [keV]




E* f(E)

t4F I

10!

102

10° 10°
energy [keV]

10° 10°



B f(E)

same model?

]

\*‘ﬁ+

10!

10°

10° 10*
energy [keV]

10°

10°

E f(E)

additive component?

N\ < T
\, 7 ‘|'\$
Y

s D )

\

10"

energy [keV]

10°



B f(E)

same model?

]

\*‘ﬁ+

10!

10°

10° 10*
energy [keV]

simultaneous?

10°

10°

E f(E)

additive component?

10"

N e Ty
\, 7 T 4,
VA
¢ D .
\
10° 10° 10* 10°
energy [keV]

extended/delayed?

10°



CGRO (1991-2000)

COMPTON OBSERVATORY INSTRUMENTS
! COMPTE

ATSE
TWO OF EIGHT

The Instruments on CGRO Cover Six
Orders of Magnitude in Photon Energy

GRBs
E>100 MeV




 High-Energy GRBs

CGRO (1991_2000) simultaneous GRBS

COMPTON OBSERVATORY INSTRUMENTS
e COMPTE E > 100 Mev
1T W5Fean i | lL GRB 910503

o
o
1=
o

- > 1.0 Mev
T

w S M
T - s

"

S o

e

o 4000~

b L > 2.5 Mev

»5 T B i P

B > 7.0 Mev 1
2000 H—F\wo——l L;___h_a,__ﬂ_,_._,..__

" r—\_—:—\_.ﬂw,_,—‘_pw_,—f‘ﬂ—ﬂ“_—\ ~ — r——]
The Instruments on CGRO Cover Six > 20.0 Mev . . . .

Orders of Magnitude in Photon Energy 150 1
~ > ~ 20 keV ]
., N - ]
= 100~ —
@ b :
° o ]
« 50 .
P J

X XX X X

400 420 500 520

GRB 910503 [Schneid et al., 1992]




COMPTON OBSERVATORY INSTRUMENTS extended/delayed E S 100 MeV

COMPTEL
1= () same model (1 MeV - 1 GeV)
I ﬂ‘ ’

ATSE
TWO OF EIGHT

1993/1/31 (Superbowl) Burst

800
— BATSE profile
6001~ A EGRET photons
The Instruments on CGRO Cover Six 400 -

EGRET deadtime ~ pulse width

Orders of Magnitude in Photon Energy

10° Counts / second

N
o
o

0 2 4 8 8
Time (seconds)

GRB 930131 [Sommer et al., 1994]




 Hig

h-Energy GRBs

CGRO (1991-2000)

COMPTON OBSERVATORY INSTRUMENTS
COMPTE
=0

ATSE
TWO OF EIGHT

The Instruments on CGRO Cover Six
Orders of Magnitude in Photon Energy

simultaneous

extended/delayed

additive component

20
BATSE-LAD
W 15f 30-2,000 keV
8
& of
=
e SF
o

s8 f+—|— EGRET-TASC
=3 3 1-10 MeV
»
2
5 B S
8
2 Y
x s
&5 + g
&

5.2

E- EGRETFTASC
- g i“kqd- 10-200 MeV 3
7. i{
2
8 E 3
e N\ s
< shsaier A
e : sesaliaus
& " ¥y i A
i N 1] + +F+
i =L
1.3 -
—800 —200 —200 o 200 200 600

Time since trigger (s)

Ex dN/dE (Photon keV's™ cm?)

10

GRBs
E>100 MeV

10° 10% 10°

Energy (keV)

GRB 941017 [Gonzales et al., 2003]




prompt emission?

extended/delayed emission?

spectral components?

spectral evolution?

optimal timing

large FoV

reduced dead time

“new”’ generation

Si detectors...




.~ AGILE®& GRBs Sg
MCAL GRID
AGILE GRB ON-BOARD SEARCH PROCEDURE

90

Super-A & MCAL GRID FoV

EVENTS
135 >

45

A 4

8 (SA) + 12 (MCAL)
DETECTOR

* RATEMETERS (1 ms)
_AL

A 4
SUDb-MS NORMAL BURST SEARCH

180

search 1 ms 16 ms

| 225
4

HARDWARE HARDWARE
by dedicated
state-machine

SA FOV

GRID FOV

Localized by Super-AGILE
Localized by IPN

270 X Localized by SWIFT
Localized by Fermi-GBM
Localized by INTEGRAL

4 n




y AG'LEQ&RBS -

2007 2009

NUEA
T

pointing




2007 2009

NUEA
7

pointing

MCAL 15t GRB catalog
[Galli et al., 2013]

84 GRBs

~ Y4 short GRBs

Number of GRB

. .
05 10 15 20 25 30 35 40
8




2007 2009

't/?‘\?‘/‘ 0000 e Y e R e e e

W \L// N'$'3'8'83'3'8'8'9%3'8'8'830'33'3'8'3%3'8'8'84 3888,

pointing

MCAL 15t GRB catalog
[Galli et al., 2013]

84 GRBs

~ Y4 short GRBs

spinning



2007 2009

2019
NI A

T

pointing

spinning

MCAL 15t GRB catalog MCAL 2"d GRB catalog
[Galli et al., 2013] [Ursi et al., in prep.]

84 GRBS 564 GRBS Orl:{IbC:aer ﬁ Ic;ﬂ“—l.inhe
triggers @ algorithm
~ Y4 short GRBs ~ Y4 short GRBs & ‘

IPN GRBs
(~4000)



2007

2009
NI A
Y7
pointing spinning
MCAL 15t GRB catalog MCAL 2"d GRB catalog
[Galli et al., 2013]

84 GRBs

~ Y4 short GRBs

for both classes there could be gamma-rays

[Ursi et al., in prep.]

~ Y4 short GRBs

564 GRBs

oo, [\

IPN GRBs
(~4000)



Counts Counts Counts

Counts

6000
5000
4000
4

3

e

1

200
150
100
50
80
60
40
20

sl | N e e first GeV-bright GRB after EGRET
o o afterglow with photometric redshift of 1.8

extended emission

GRID (>30MeV)

same model
Ll
I I I : : g 10* peak = 224 keV
MCAL (300-700 keV) b s
10
102
10 B GRID fluience
1 o :_0'599 \ yd
SA (1 8'60 keV) 256 ms 10-1 i 8 "re,, o
10?2 il ((-\\F P
10-3 v,
20 0 20 L
Time [s] since 2008-05-14 09:55:56 UT 10° EKONUSWind spectrumin2okeV =5 MeV
10'6 LIl 1 L1 Liinl 11 L1l 1 Ll LLinl 1 L1 Liinl 1 L Ll 11 L 1iil
GRB 080514B [Giuliani et al., 2008] 10 10° 10° 10° 10° 10° E eV]
e




GRID

Photon energy [MeV]

MCAL

Counts

1000

100

10

60

40

20

\ 10 — 1000 MeV
S A A |
A A
- A A =
A A
0.10 0.2 0.I4 0.16 0.18 1.I0 1.2
t — T, [sec]
0.3-10 MeV
0.0 0.2 0.4 0.6 0.8 1.0 1.2
t — T, [sec]

GRB 090510 [Giuliani et al., 2010]

Powerlaw + cutoff

‘\2 /ﬁ \\
S 10° ——— ey
£ /, : J/ F=1.8 x 105 erg/cm?
g p \ (0.5 -10MeV)
S \
/ \‘
R \
10 . “
10° 10° 10* 10° 10°
Energy [keV]
10"
) Powerlaw
10 ////
T wnp _§~"1T%%’ﬁ - F= 3.1 X 106 el‘g/(:m2
wg 10° - ; "f’:j‘:?::ﬁf;“. i E .
g gt (0.5 -10MeV)
107
F=2.9 x 105 erg/cm?
T . (25 —-500MeV)
10? 10° 10* 10° 10°
Energy [keV]

extended/delayed emission




T L
100 ms

E > 30 MeV

GRB 131108A [Giuliani et al., 2014]
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2) Charge Preamplifiers.

~ 3) MCAL electronics.
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adopted during LIGO/Virgo O2 run
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MCAL triggered
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extended/delayed emission

detected by HESS at TeV energies!

Trigger time:2018-07-20 14:21:44.000/459181302.000s (At=4.00s)
Input sky position: 94.833,-63.074 (off-axis angle: 68.13)
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GRID? no spoiler...
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extended/delayed emission

detected by MAGIC at TeV energies!

TimeStart——Stop:474584218.000 —— 474584248.000 (At=30.00s)
Input sky position: 222.395,-53.078 (off-axis angle: 81.76)
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« Sources
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at To just outside GRID FoV!
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[Ursietal., in prep.]
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HARDWARE LOGIC SOFTWARE LOGIC

(static threshold) (dynamic threshold)
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107} MCAL hardware trigger logic MCAL software trigger logic
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investigations on the GRB high-energy component

- simultaneous prompt emission, extended/delayed emission
- unique spectral model, additive extra component

sensitive to sub-ms timescales for fastest transients

continuously observing large fraction (SA, GRID) or all accessible sky (MCAL, RMs)

enhanced trigger capabilities

prompt electromagnetic follow-up of GWs

e high-energy upper limits (MCAL and GRID)
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COMPTON OBSERVATORY INSTRUMENTS

>100 MeV

The Instruments on CGRO Cover Six
Orders of Magnitude in Photon Energy




In the Light Curve :

- Extended emission ,.....cevevvennnnn.
- Delayed onset
-L ~th-a

- Prompt emission _”...................
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no high-energy emission

GRID upper limits
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48 100724B [Del Monte et al., 2011]

simultaneous emission

e main bumps simultaneo MeV and GeV

e gamma-rays in [ts¥6 s, t,+125 s] (first transit)
a-rays in [t,+410 s, t,+529 s] (second transit)

no spectral cutoff until 3.5 GeV
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s MCAL-PIPE
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MCAL-ALERT

GRBlike STE

~gutomatic notices
- alert to AGILE Team
- online database



 MCAL GRB pipeline |

*The Upper Limits are estimated with a Bayesian approach for a_safmple of
68 undetected GRBs from July 2007 until October 2009 with40sition inside
the GRID FoV;

*40 GRBs have spectral information (from KouuS-Wind, Suzaku/WAM and
Ferm1/GBM), that 1s used to convert counts-thto flux;

*In six cases the Upper Limit is stethgent with respect to the extrapolation of
the GRB spectrum at lower erfergy;

* The corresponding-3~sigma upper limit is ~0.03 ph cm? s1 => ~10-7 erg cm
2 g1

* A likefihood search of gamma-ray delayed components (up to 3600 s after
[gger) for the same events does not give positive results;



- . Conclusions

* Only a small subsample of GRBs emits in gamma rays: the overail detection
(AGILE + Fermi) is ~10 events per year (consistent with the expectations of Band «
2009);

« GeV emitting are the brightest GRBs (> 10-° erg/lcm? at keV — MeV) and have
high minimum Lorentz factor (600 — 10087;

« Both classes of long and short ar€ detected in the gamma energy band.
« Some events have a singi€ spectrum other have additional spectral compone

« Gamma-ray emitting GRBs seem to be characterised by high fluence and high Lol
factor. It is still dewated if gamma-rays are produced in internal (prompt) or ext
(afterglow) sheCks.

A & GW:

AGILE good fast coverage of all sky
e narticinated ta | |GO-Virao O riin imoroved <en<itivitv to weak MCA|l evente



