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The Fermi Gamma-Ray Burst Monitor

» Large field of view {70% of sky)
85% livetime

On-board triggering with
automated community alerts

Continuous time-tagged event
(CTTE) data for offline analysis
(2 us/ 128 energy channels)

12 Nals (8 keV — 1 MeV)
2 BGOs (250 keV - 40 MeV)
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Designed to study Gamma-Ray Bursts (GRBs)
=  GBM primary objectives:

1. Extend the energy range downward
from the Fermi-LAT one
00 MeV - 300 GeV)

2 burst locations
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Quarterly trigger statistics over 10.5 years of the mission
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=90 Dec + Long GRBs (~200/yr)

Fermi-GBM 8-year GRB map © Connaughton/Fermi GBM Collaboration % Short GRBs (~40/yr)
The GBM GRB online catalog is updated within 1 hour:

= http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermiglbrst.html
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® Swift GRBs (13%, ~30/yr)
> LAT GRBs (6%, ~14/yr)
[62% within LAT FoV]

Facilitating
follow-up!
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= ]10-year Burst (1) and Spectroscopy (2) catalogs

o 2357 triggered GRBs
«  ~400 short, ~2000 long, 135 with redshift

(1) Peak fluxes, fluences, durations, locations

(2) Spectra, energetics

<=~ Band_Long EEm Long GRBs
I Band_Short 12 | ™= Short GRBs

o
2
7
e
=
o
-
o]
b
o
o
E
=}
Z

w
2
w
<
S
a
pras
=}
#

1.00 10.00 100.00 100C
T90 [s]

von Kienlin+2019 in prep

1000
EpeaklkeV]

Poolakill+2019 in prep

E. Bissaldi First Gravi-Gamma Workshop e Perugia ¢ 16 May 2019



/”

s erml

4 Gamma»ray

1998 ZO‘OZ 20!.')6 i :
= Earth Occultation Monitoring 5192 s At
% 100 ! ‘fv‘f' %3;}1;3:,5?& RSN
o 9 0. R # 3 7 ad b7 Yo il
o Measure of the change in the countrate | . ‘ﬁ:fﬁ Wi g W 7
observed in the GBM detectors when the | & eoffeome mmmr | mErER R, 400
. . 0.92 [ OFermi GBM 15-50 kev| + MAXI 2-20 keV !
source enters or exits Earth occultation 0.00 ELrsumoke 1530 kv [ —
104 e
o Countsin each energy channel 5 2F y b,
. € 1.00F oz
converted fo fluxes using an assumed 3 ossf *ﬁﬁp M‘m
spectrum for each source 5 OSOH s a eoere | v
& 0.94 [T A INTEGRAL/ISGRI 50-100 keV |
. 0.92f & Susos S0 100 kv |
. ~250 sources are monitored (X-ray 0.00E . ; S . .
bIﬂOI’IeS, AGNS, e-I-C, for a fU” |IS-I- see 51000 52000 53000 T?:\(:O?MJD) 55000 56000 57000
hjr’ros://qommorov.nssTc.noso.qov/qu/s Crab Nebula Hard X-ray Variations WiIson-Hodge+20] ]
cience/earth occ.htmil) ~ Vemxi

N
35200

= Accreting Pulsars Monitoring L oot N wh S
3‘52302—% M‘ ’;"?.“ .@ ¥ %% %5:&_2
3‘5275;—-?{. Wﬁ . i §

mHz,

o Using epoch folded searches

Spin Frequency

« 36 sources detected sewSE
(8 persistent, 28 transient pulsars, ' |
for a full list see
http://gammaray.nsstc.nasa.gov/gbm/sci
ence/pulsars.ntml

12-50 keV Pulsed Flux

A
55000 56000 57000 58000
Time (MJD)

Vela X-1 Full History

E. Bissaldi First Gravi-Gamma Workshop e Perugia ¢ 16 May 2019



Vel
() ~ S ermil

Gamma~ray

/ Space Telescope
\

=  GBM-LIGO/Virgo MoU allows for a unigue data sharing agreement

o Recognition that GBM is the most prolific sGRB detector, providing energy
discrimination and localization capabilities

o GBM provides “sub-threshold” GRBs in low-latency for GW follow-up
o LVC provides “sub-threshold” GW candidates below EM Follow-up threshold

. In low-latency for autonomous targeted searches with GBM

- Coincident GBM detections would strengthen GW candidates too low in
significance to be unambiguous, nearly doubling the volume of the
Universe accessible to LIGO/Virgo

Livingston Hanford
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= Since 2013: Development of automated search algorithms for
untriggered transient sources (POC: M.S. Briggs)
o Offline, agnostic search over all continuous TTE data using
extension of flight software trigger algorithms
« TGFs (> 1000), Magnetar burst (~200),
other Galactic sources (>100), short GRBs
= Search results with HEALPIX skymapps distriouted via GCN:
https://gcn.gsfc.nasa.gov/fermi gbm subthreshold archive.htmi
o SGRB candidates confirmed by other missions (e.g. Insight-HXMT)
o Events used by LIGO/Virgo to trigger subthreshold GW searches
«  Would have detected GRB 170817A if it was 50% dimmer

S48485652||18/05/20//05:07:27.02

269880 -60.430 ||17.92 |1.407/(1 0

‘ermi-GBM Subthreshold. This Notice was ground-generated — not

548482684 18/05/20(/04:17:59.94 [297.580-0.700 |[15.38 l0.192(1 |0
548385290/ 18/05/19(01:14:45.61 [[266.500 [+45.550([11.24 [1.407(1 o |8 [Fermi-GBM Subthreshold. This Notice was ground-9
I LC
HEALPIX
548326303 18/05/1808:51:38.92 [[155.080-33.870 |17.89 [1.024[1 |0 |2 |MAP [Fermi-GBM Subthreshold. This Notice was ground-generated - not flight-generated
LC

o Online sGRB catalog 2013-2017
http://gammaray.nsstc.nasa.gov/gbm/science/sgrb search.html
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= Search for coherent signals in all GBM detectors
« Developedin 2013 and infroduced during O1

o Input: event detection time and skymap

o Coherently combines CTTE data from all 14 (Nal+BGO) detectors,
using detector responses and assumed photon spectrum

- Test statistic based on log likelihood ratio comparing presence of signal to
null hypothesis of pure background

Many improvements during O1 and O2: Various bug fixes,
better background estimation, more realistic hard spectral template

GBM event display
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Swift GRB 140606A uncovered in GBM by the Targeted Search
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=  Kocevski+2018 used the GBM targeted search method to examine
a sample of Swift-BAT detected sGRBs which were too intrinsically
weak, distant, or viewed with poor spacecraft geometry to trigger
GBM

o Successful recovery of a majority of BAT sGRBs (9 out of 11)

o Increase of BAT-GBM sGRB ,
. BAT + GBM Triggers
detection rate by 20% é o7 ony Tiar
o Y GW 150914 -/ q
=>» Targeted search crucial to ol .
increasing the GBM sensitivity and | , o
gamma-ray horizon s o
o GRB 170817A could have been | % ‘,-‘
detected with Targeted Search 3, >
out to ~70 Mpc 0% R
3
- Confirmation that GBM can o
successfully recover real signals rd Kocevski+2018
below trigger threshold < _ .2 . _
10 10 10 10
log Likelihood Ratio
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GRB 170817A and GW170817

Gamma rays, 50 to 300 keV GRB 170817A
. 5 1500
Fermi
S 1,000-
500
Gravitational-wave strain GW170817
g Theory
) . [
: confirmed!
& 100-
6 4 2

Time fror

Credit: LIGO; Virgo; Fermi; NASA/DOE; NSF; EGO; ESA
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= GRB170817A also defected by the ™
AnTI_COIHCIdence Shleld for The 2500_Lightcurve from Fermi/GBM (10 — 50 keV)

SPectrometer for Integral (SPI-ACS)

=» Conclusive evidence for the
BNS—-sGRB connection

o Delayed onset of gamma-ray
emission from a BNS merger
progenitor predicted to be within a
few seconds after the merger:

2250 1 m
2000
1750- ! i i nlJ il ‘V e M il J.Mh iy L8
15[]()- 1" H M H W | n FI ” m[ ” ”1 I ’r

1250 4

Event rate (counts/s)

1750 4 Lightcurve from Ferm:/GBM (50 — 300 keV)
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| GRB 170817A

-
s
S

measured delay 120l Goldstein+2017
At=1.74+/-005s 5%
£ 80l
) GBM aanySiS: : % p(short)=73.4%

o GRB 170817A is most likely a short
GRB - predicted to originate from
mergers

o It appears to have the traditional
“spike” but also a weak lower-
energy tail

o GBM Significance > 10 sigma /S e e e p

- Appears less luminous than any Thme from merger ()
A other GRB with measured distance Abbott+2017
N

20} f"P(Iong)=26.6%

107 10° 10t 102 10°

300
200

Frequency (Hz

100

A INF
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=  Using the standard GBM catalog -
analysis, GRB 170817A does not o i
look particularly unique
o Average fluence for a sGRB
compared to the GBM catalog
distribution — o
10™8 1077 10~ 1073 1074 1073
Fluence (erg/cm?)
o Relatively weak in peak flux - T 75 Long GRBs
L [T Short GRBs
« Inthe lower third in the 64ms 80 1 ik S o
peak flux distribution . I
4017 Ly g
=> It appears as a typical sGRB 2o
in the observer frame err R S5 R
64-ms Peak Flux (ph/cm?/s)
Goldstein+2017
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Standard GBM spectral analysis m
=  Main peak: typical non-thermal spectrum ‘8‘ Main Peak

(Epeak = 185 % 62 keV) § e e
= Softtail: kKT = 10.3 £ 1.5 keV blackbody TRl
. . g | T ]
- Spectra with photospheric components g T:'F__T_.
have been seen (e.g. Ryde, Guiriec, etc), €71 SoftTail U i
but not in this order Eimtm—i—me:FT—#rt
Goldstein+2017 o Energy{.lfi'f]
3400 1 Sta‘ndard 10% .
Main Peak i { | === Soft Tail - BBody
- 32001 Soft Tail = Main peak—Compt:onized
Lg N:U’) 0 A O OO USRS SO
:
@ 108 L N ]

—4 -2 0 2 4
Time Since TO

161 162 163
E [keV]
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= GRB 170817A is exiremely under-luminous compared to other GRBs
o Closest GRB ever detected (of GRBS with measured redshift...!)

o Estimated isotropic-equivalent energy is ~2-3 orders of magnitude
lower than other known observations

> This observation,

combined with the
observation of
delayed afterglow
emission, hints at a
viewing

geometry effect

E. Bissaldi

1061 -
60 . % ¢ . ®
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= A GBM time resolved spectral analysis has ’
shown evidence for very high E,.,, values A
o Challenging for the cocoon shock -
breakout model fo explain < 1
= Superluminal motion detected from )
unresolved radio source i
Veres+2018

o Strong evidence for an off-axis jet

1 L " L L L
g4 -03 -02 -01 0.0 0.1 0.2 0.3 0.4
B oM

y O -
= X-ray turn-over detected af late fi W,-”? iig?}',?m."
-QXis

o Inconsistent with cocoon breakout moaQe

12
].0_13 ] cocoon outflow model from Gottlieb et al. (2017)

GW +230 days T e outton mode o oy a2 GW+260 days

—=- isotropic fireball model from D'Avanzo et al. (2018)
:

structured jet model from Lazzati et al. (2017)
Mooley+2018 i 1

8_

»
!

structured jet model from Lyman et al. (2018)

104 Nynka+2018

Dec offset (mas)
o

IS
X-ray Fop3-gkev [€rg st cm—2]

'
[e0]
!

—— structured jet model 1 from Margutti et al, (2018)
10715

—— structured jet model 2 from Margutti et al. (2018)
8 6 4 2 0 2 -4 6 8 10° 10 107 10°

—— structured jet model from D'Avanzo et al. (2018)
RA offset (mas) Days after Fermi GBM trigger
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1. Directly measured the speed of gravity
o Itis the same as the speed of light T F
within one part in one quadrillion - bt o
. = : ;..—.‘..ﬂqbnﬂﬂ”\ U]r V’lﬂ o fl Ultﬂwﬂvtl Ak g LLEJL"& LIJHUJ\,
2. Probed the NS equation of state: ] W W
joint GW/sGRB observations
constrain the maximum mass of a NS ¢ .. m M
: """"mﬂmmﬂl ke ol 2l 2 s
. .. . . erL i id's T )
3. Investigated the emission physics of = ™L__ "t
relafivistic jets and the engine :

that produces short GRBs

4. Estimated the rate of joint detections,
suggesting they should be
reasonably common
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GRB 150101B

o Third closest sGRB with known redshift
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o Very hard initial pulse with E ., =1280£590 keV followed by a soft
thermal tail with ki~10 keV

o Unlike GRB 170817, GRB 150101B was not under luminous
« GRB 150101B can be modeled as a more on axis version of GRB 170817A

with a tail from photospheric emission

Suggests that the soft tail is common, but generally undetectable in
more distant events

Count Rates

Count Rates

12500 4
10000 4
7500 4
5000
2500 41

12500

10000 -
7500 f
5000 -

2500 A

50-300 keV

GRB 150101B

10-50 keV

+‘+L‘—‘J+|'|"'L.|....|.._LA~__-

i v

-0.1 0.0 0.1 0.2
Time since Trigger [s]

Liso (1 keV - 10 MeV) (erg/s)

1055

1034}
1053}
1052t
1051t

10%0}

Long GRBs

Short GRBs

GRB 170817A °
GRB 150101B @

101
Redshift (z)

100 101
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GRB 170111B

= von Kienlin+2019 recently
presented a Bayesian-block
analysis of all GRB with Ty;<5 s
in GBM 10-year GRB catalog

o Manual inspection to identify
GRB 170817A-like events

*  Hard spike followed by

— Bayesian Blocks |
H Main pulse
Il Soft component |4

a softer tail
o Consistency check between ' ' N
spike and tail localizations von Kienlin+2019

+90

o Spectral analysis check —
tail best fit with blackbody model

=» 13 similar sGRBs found! o T e BLL
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=  Most likely, all of these sGRBs are relatively nearby
o Longer softer bursts like GRB 170817A may be significantly off-axis

o Shorter harder bursts, like GRB 150101B may be more on-axis

= More coincident sGRB/GW detections are needed to confirm!

10 AL IS | ]
i * . GBM GRBs
: sGRB with redshift 1
L ' candidate sGRB |
s ?-ﬂ ' GRB 1501158 and GRB 170817A
=7 '
=] =
L
")
0
Q
5
= :
107! .
0 von Kienlin+2019
16'1 160 ° 161 162 10°
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= Investigation of low-significance o Lokl A 08 200 ot 5 0 S
GW candidates from the Ol ot X
. 10° re g@¢ %bdgg; 00 @
compact binary coalescence (CBC) |. ¢ ° 08%?%9%@8 O
. CHE s
searches using GBM = O . I
o 81 CBC candidates with FAR<1075 Hz ol ]
o No coincidences found S A
between GBM transients T
. t-t
(from the triggered or untargeted sar (99Y5)
searches) and the LIGO CBC iy 2

I H t
candidates. ard Spectrum

N
T e marbeeeiiod o
o GWI150914-GBM is the most 5 S e
significant event of the search z | owisizes e
Q.I. FAR ~3X-| 0_4 Hz % s ..»,{3W150914-GBM 1 4
It also has the lowest 4%
post-frials FAP, foo high to declare 2 ?,
an unambiguous EM counterpart 3 10-4100 e IAELPPPRI p
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= Untargeted Search AR e
o >40 confirmed sub-threshold sGRBs |

== 02 Normal
o Using as a calibration sample for
classification

= Targeted Search
o >10x faster than in O2

o More sensitive — lower background FAR,
increased detection statistic

= Reporting of coincident triggers
o Independent triggers
o Single IFO GW ftriggers + GBM signal (realtime)

o Triggers where either GBM or LIGO/Virgo are
sub-threshold (~hours delay)

=  Prompt, combined skymaps

o Enable follow-up, interested wide-field telescopes:
/TF, GOTO, EveryScope, MASTER

ZTF - 2900 deg2 followup!
Coughlin+2019

o
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= GW duty cycle ~70-75% (Abbot+2018)
o 3 (2) GW detectors operating 34 — 42% (78 — 84% ) of the time

= |n case of coincident detections with GBM

o Confirm single
interferometer
events and
improve their
localizations
by 90%

o Improve two
interferometer Hanford
localizations by 80%

= For GRB 170817A,
GBM+HL map
(~60 sq. deg)
could have been
produced ~1 hr after
GW trigger

Hanford + Livingston + GBM
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Conclusions

Fermi GBM is the most prolific detector foresGRBs

* No pointed observations.required
s+ Observing’ ~67% of the sky only turns off ~15% of time due to SAA
¢ Sub- threshold searches can ﬁnd Weak events beiow tr1gger1ng threshold

- GBM is prunarlly a Time Domaln 1nstrument supportmg 1
Multi- MesSenger Astronomy B

GW170817 J GRB 1708 17A h1gh11ghts the se1ence 1mpact of =
multlmessenger observatlons 2y

* Fermi will continue to play an. important role in future g
searches during LIGO/Virgo O3 and beyond

* GBM increases the number of joint GW/GRB detectia
censtrain many localizations

* Expect ~1-6 joint detections per year at LIGO design setl



