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The Fermi mission | -

ﬁ Launched 2008 )

Large Area Telescope (LA:T) _>

Pair conversion telescope
20 MeV = 300 GeV

-

Gamma-ray Burst Monitor (GBM)

14 Plastic scintillator detectors
8 keV - 40 MeV




The (HE) gamma-ray sky




Gamma-Ray Bursts (GRBs)

Long GRBs — Collapsar
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Short GRBs — Merger

Credit: NASA/DOE/Fermi LAT Collaboration/GSFC




The Fermi mission
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Gamma-ray Burst Monitor (GBM)

14 Plastic scintillator detectors
8 keV — 40 MeV




Triggers per quarter
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Fermi GBM Trigger History

Particles B TGFs

V404 Cygni

SGRs

Solar flares

Other

Swift J0243.6+6124

SGR 1935+2154

Terrestrial
Gamma-ray Flashes




Fermi GBM GRBs in first ten years of operation
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Orbit
565km, circular

Inclination
28.5°

Spacecraft Integration
2006-2007

TV Test
2007 /2008

Launch Date
June 2008

GLAST Lifetime
5 years (min)

E. Bissaldi
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Gamma»ray

/} Space Telescope
\

LAT

Large Area Telescope

e Record gamma-rays
in the energy range
~ 20 MeV - 300 GeV

GBM
GLAST Burst Monitor

e Provide correlative
observations of
transient events in

the energy range
~ 10 keV - 25 MeV

Burst localisation via count-rate comparison

of different Nal-detectors (BATSE-principle)

1st National Workshop on GEANT4 e 9 December 2022




= GBM = 14 scintillation detectors

(12) Sodium Iodide (NaI)
Scintillation Detectors

12
(2) Bismuth Germanate (BGO) Nal(Tl)
Scintillation Detectors
2 BGO

E. Bissaldi
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2 BGO detectors
(MPE) |55

AN

12 Nal detectors
(MPE)

Power box

e provides regulated
power to:

- DPU and detectors
- HV for the PMTs
(MPE)

Data Processing Unit (DPU)

o digitizes detector inputs

e controls high and low voltage to
detectors

e provides control and S/C interface
(MSFC)

. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 10
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= GBM single detectors calibration and
tests campaigns (2004-2006) at the
Max-Planck Institut for Extraterrestrial
Physics (MPE, Germany)

E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 11
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Gamma»ray

/ Space Telescope
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= GBM full instrument calibration and
tests campaigns (2006) at the Marshall Space
Flight Center (Alabama, USA)
il :

E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 12
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| http://mediaarchive.ksc.nasa.gov/ }

- |
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The launch of the Fermi Mission T

o Preporo’rlon ’ro Iounch iN Moy 2008 at the Kennedy Space Center (Florida, USA)

P http://mediaarchive. ksc nasa.gov
INFN o B
(s E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022




The launch of the Fermi Mission
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https://www.youtube.com/watch?v=Z2nopi27RFYO0

The launch of the Fermi Mission




NASA Goddard Media Studio
https://svs.gsfc.nasa.gov/13094
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Fermi spacecraft orbit T

= Circular «Low-Earthy orbit (LEO)
o 565 km altitude (26 min period), 25.6 deg inclination

http://observatory.tamu.edu:8080/Trakker/

. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022



1SS will cross your sky
in 1h 23m 42s

[
N 2Y0 com Tracking 19636 objects as of 8-Apr-2019 : /
- HD Live streaming from Space Station Find a satellite... - Search |

e o
i sl i o g objects crossing your sky now N2YO.com on Facebook Advanced @5 SSHermil
Gamma»ray
Space Telescope

Most tracked Just launched Satellites on orbit ~ Alerting tools ~ More stuff ~ Sign in

\LOCAL TIME:

12:51:31

HuTC: 10:51:31
\LATITUDE: 164
{LONGITUDE: -173.48
|ALTITUDE [km]: 52232
| ALTITUDE [mi]: 324.55
EUR | SPEED [kmv/s]: 76
| SPEED [mi/s]: 472
o | {AZIMUTH: 101N
{ELEVATION: -68 ;
'RIGHT ASCENSION: 12h 33m 01s |
Atienie { DECLINATION: -22°23'52" |
Ocean !Local Sidereal Time:  24h 50m 20s

| The satellite is in Earth's shadow |

AFR| |SATELLITE PERIOD: 96m

| 10-DAY PREDICTIONS FOR |
g GLAST §

IP2Location IP Geolocation |
\Find your Magnetic Declination
iSpace Station HD Live!

iLast Minute Stuff!

'Your IP address: 151.57.87.250 |
‘Latitude: 43.21255° |
Longitude: 13.29008°
‘Magnetic decl.: 2° 56'E

\Local time zone: GMT+2

Is this incorrect?
Set your custom location

Leaflet | Esri

¥ Draw orbits -/ Draw footprint ) Keep selection centered

IAIAMIAIT AATMNMAMAIALIIT AMNATS AAPRASAASA ASLTIIMCT ALIAEALD
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http://www.n2yo.com/?s=33053

Truckmg and Data

o Space Network(SN) Relay Su;enllils’rg System
J' \ ;\'\;‘ ’.

Grouﬁd
Network

(GN)

United Space Network (USN) White Sa

Complex

LAT Instrument Science
Operations Center LISOC

Mission High Energy Astrophysics
oxb Operations Fermi Science Science Archive Research Center

Coordinates ]y Center [ Support Center HEASARC

Network FSSC ‘\r
Moc | I ' GBM Instrument
Operations Center GI10C
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= 12 Nal(Tl) detectors:
o Diameter: 12.7 cm (5")
o Thickness: 1.27 cm (0.5") Giselher Lichti @APE2005
o Energyrange: 10 keV - 1 MeV 1

Breadboard crystals @MPE 2002

Nal(Tl) detector FM04 @ MPE 2005

E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 23
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Beryllium
window

Nal(Tl)
crystal

F i

Glass

late

Silicone H+—

rubber
layer

Bissaldi+2009

< Interface to SC|

Photomultiplier

Heater foils
and thermostats

Front End
Electronics

[

—§1 ]
-

[T THT]

Photomultiplier

housing

Voltage
divider

N . .
E. Bissaldi
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/ SpaceTeIescope

= 2 BGO detectors:
o Diameter: 12.7 cm (5”)
o Thickness: 12.7 cm (5”)

o Energyrange:
250 keV - 40 MeV

E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022
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External | Silicone rubber layer | Heater foils

connector group

: Photomultiplier 1

crystal -
{

56O Photomultivlier2 '

FEE
unit 1

PMT
assembly 1

‘ ' =_—al } PMT FEE
| Interfaces to SC i

Bissaldi+2009
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GBM Simulation: Purpose

The GBM simulation will characterize the instrument response to direct source photons,
photons scattering from the spacecraft body, and photons scattering from the earth's
atmosphere, for arbitrary source/earth geometry. GBM is a distributed system embedded
in a complex environment, accurate simulation is the key to make GBM a useful instrument.

GRB Photon Spectrum Instrument Response Measured Spectrum
. : T - 104 sl 1000 T T T
;'; 10° ¢ 3 = il
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gamma-ray
burst -
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- LOSAIamos GEANT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




Instrument Background Observed Data

s)

GRB Flux {keV-cm -

3
10
10 100 1000
Photon Energy (keV)

10 100 1000
Measured Energy (keV)

10 100 1000
Measured Energy (keV)

SC scattering

E. Bissaldi Ringberg Meeting ® February 21, 2008 7




The simulation software must determine the response of the GBM detectors from several possible
sources: 1) source photons which hit the detector directly and may scatter inside the detector itself,

2) source photons which scatter off the spacecraft before entering the detector, 3) source photons
which scatter off the earth's atmosphere (and possibly the spacecraft also) before entering the detector.
The simulation uses full-scale, detailed models of the Nal and BGO detectors, the spacecraft (currently
in preparation), and the earth's atmosphere. When full-scale simulation production begins, we will

simulate the detector, spacecraft, and atmospheric response for a range of energies and incident
directions.

gamma-ray
burst

Hoover & Kippen 2004
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m‘i‘jﬁ ___Working Towards a GEANT4-based Solution

+ GRESS = General Response Simulation System Examples from Detector Validation Library

+ Original purpose: GLAST burst monitor detailed |
source response function generation ‘
e Prompt response only (no activation)

e Extensive y-ray validation library I
+ Radioactive sources 6 keV to 4 MeV wh
+ Low-energy BESSY synchrotron data (2-20 keV) :
+ High-energy van deGraf data (4, 6, 11 MeV)
+ Detailed angular/surface response scans

e Full-spacecraft/instrument + separate Earth scattering
simulations

e Interface to analysis via NASA FITS files

+ Future: Extend GRESS for more general HEA
use Two-stage Spacecraft Validation

e Choices of different data types (e.g., spectroscopy vs.

tracking instruments) for each volume linked via GDML
interfaces

e Space environment background models via ACTtools-like
inputs (or other)

e Possibly include radioactive decay capability

e Further validation against space instrument data (e.g.,
GLAST on-orbit, COMPTEL, etc.)

Mare Kippen 5th GEANT4 Space User’s Workshop, Tokyo, Feb. 13-15, 2008 12- o Los Alamos




Geamﬁ | GRESS = GelLertal REspgnse Simulation System

"l

GRESS/IODA
GRESS Overlap Area IODA

Cal.

Mass E/ Params. /

model :
\ 4

Data Analysis

Y Software
physim | root » calsim = : (19€)
m files drmdb 1
E e y 2 5 Application
: data Geant 4 Spectrum : 3 | Specific
: or DRM : caldb [ @ DRM
s : g
: : i
: atmosim
. '\
‘ ) root arpack //= db : | Source Location
= 7| arm :
i Ma;»sI / files : — Software
moae u :
| (SSC & 10C)

Spectrum
or ARM

http://public.lanl.gov/mkippen/gress/
— * — | [17
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Comprehensive collection of computer models, simulation software, and data packaging tools,
including facilities for (1) physical simulation through a modified GEANT4 toolkit architecture,

(2) custom instrumental effects simulators, (3) custom data packages, and (4) interfaces to GBM
data processing/analysis software

= Because of vastly differing scale size, GRESS separates total GBM instrument response into 2
components:
o “Direct” detector + spacecraft response
« Captures physical and instrumental response of the detectors + spacecraft combined system
* Incorporates a detailed mass model of the GLAST observatory, including the GBM detectors, the
Large Area Telescope, and all in-flight spacecraft components
o Atmospheric scattered response

= Unlike many earlier space-borne gamma-ray instrument response simulation efforts (e.g.,
BATSE2, COMPTEL, etc.), GRESS captures the combined response rather than separating
detector simulations from passive spacecraft elements

o GLAST spacecraft is highly non-uniform in its scattering properties and the GBM detectors are
embedded in this nonuniformity

= Direct response as a function of photon energy and direction captured in a “Direct Response
Matrix” (DRM) database, including results from individual simulation runs at an array of incident

source directions

95 INFN . . .
( E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 32



GBM Simulation: Specifications

#* Definition: Multi-purpose software suite that computes the physical
and instrumental response of the GBM detectors

- Primary purpose: generate detector response functions critical to
analysis of flight science data

- Other uses: instrument design, interpretation of calibrations, design
of flight and ground analysis algorithms/software
#* Technique: GEANT4 simulation

- Verified through, and incorporating results from experimental calibration

% Major Components

- Mass model (geometry + composition)
- Incident particle distributions

- Radiation transport physics

- Instrumental/calibration effects

- DRM database

- DRM synthesizer/generator

Yo
»Los Alamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




GBM Simulation: Architecture

simulation package

# Integrated package that will
encompass all GBM instrument
response software and data
needs

gbmsim
GBM instrument
physical simulator

Configuration controlled (e.g. -
CVS) as a single deliverable
package with component
software/data modules

calsim
instrumental/calibration
effects & data packager

T

atm.°5|m | % All packages (and their
atmospheric scattering dependencies) will use GNU
simulator compilers — mainly g++

p

arpack All data files have headers with

atmospheric scattering detailed job tracking data
data packager

drmgen
application-specific
DRM generator

A
* Los Alamos GEANT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




GBM Simulation Design (1)

gbmsim calsim
GBM instrument instrumental/calibration effects
physical simulator simulator & data packager
Inputs Inputs
¢ Instrument+environment mass model * Raw event files (root; from gbhmsim or
(custom GDML file format) atmosim)
* Commands (interactive command line e Commands (interactive command line

or command macro file[s])

. i , or command macro file[s])
* Auxilary data (spatial/spectral dists.)

* (Calibration parameters file (ascii)

Qutputs
* Raw event file(s) (ROOT format) Outputs

* Processed data file(s) (FITS format)
e.g., spectra, DRMs, etc.

e Interactive visualizations

External Dependencies .
* GEANT4 — General MC Rad. Transport External Dependencies

package from CERN ¢ ROOT — Data handling/analysis
¢ ROOT — Data handling/analysis package from CERN

package from CERN » CCFits — FITS data file I/O for c++
* XERCES — portable c++ XML parser from NASA/GSFC

from Apache.org

A
* Los Alamos GEANT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




GBM Simulation Design (2)

atmosim arpack
atmospheric scattering atmospheric scattering
simulator data packager
Inputs Inputs
* Farth atmosphere mass model e Event files (ROOT; from atmosim)
(internally coded) ¢ (Commands (interactive command line
¢ Commands (interactive command line or command macro file[s])
or command macro file[s])
Qutputs
Outputs * Atmospheric response matrices
* Event files (ROOT format) (ARM; FITS format)
* Interactive visualizations )
External Dependencies
External Dependencies e ROOT — Data handling/analysis
¢ GEANT4 — General MC Rad. package from CERN
Transport package from CERN * CCFits — FITS data file 1/O for c++
* ROOT — Data handling/analysis from NASA/GSFC

package from CERN
e (CCFits — FITS data file I/O for
c++ from NASA/GSFC

/)

)
*LosAlamos  GEaANT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




Nal Detectors

- In general, the detail of the simulation mass model will be inversely

proportional to the distance from the Nal and BGO detectors (Nal/BGO
detectors and nearby spacecraft components will be modeled with high precision,
internal workings of the LAT and distant spacecraft body with less precision)

- We await detailed drawings and materials specifications, in the meantime
we are working with a simplified mass model

Nal detector (x12): 1.27 cm thick by
12.7 cm diameter; 5 keV to 1 MeV spectral
coverage; 0.25 mm Beryllium window

_— PMT tube
Aluminum
housing
,II .
Nal crystal Beryllium
A (inside) window
. LOSAlamos GEANT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004
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= To generate a proper DRM, a high degree of precision and accuracy is required in the
simulation model of these detectors, particularly around the Nal crystal and its interface
to the photomultiplier tube.

Cut-away view of the Nal detector
simulation model.

Nal crystal

E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 38



BGO Detectors

BGO detector (x2): 12.7 cm thick by
12.7 cm diameter; 150 keV to 30 MeV
spectral coverage; viewed by 2 PMTs

~__ Aluminum
housing

~ BGO crystal
(inside)

PMT tube

Pl
*LosAlamos GEaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004
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Gamma»ray

/ Space Telescope
\

External view of the BGO detector simulation model.

Cut-away view of the BGO detector simulation model.

PMT BGO
crystal

PMT
E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 40




Low Energy Compton Scattering

GEANT does not properly handle low-energy Compton scattering,
where atomic binding effects are important and cause Doppler
broadening

A GEANT extension called G4LECS (GEANT4 low energy
Compton scattering), developed by R.M. Kippen, is used to correct
for this deficiency.

- R.M. Kippen, New Astronomy Reviews, 48, 221-225 (2004)
10

I'I[‘III[III][\Il'IIIl\:—II\]III|'If||I'II|I||||==[|\|'III|II[|IIII[II L=

Lead Target Copper Target Carbon Target

—1

3 107 = Data (Namito et al. 1995) 3E 3 3
= G4LECS 3E L B
T + G4LowEnergy 1L [ | ]
@ 10" Ei T E
o LIEIS 3
s ik
2 10" Ely E 3
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10'6 dhllll]lll]ll;lll “-liw|J||||11|||||ELE|§|\:
30 30 32 34 36 38 40 30 32 34 36 38 40
Scattered Energy Deposition [keV] Scattered Energy Deposition [keV] Scattered Energy Deposition [keV]
al
* LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12
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Example: Nal Spectrum

gbmsim - raw physical data

- Simple Nal detector
mass model

- Normal incidence,
10° recorded events

calsim - instrument-like data

10° T L L R B BRI LR - 10 T T T T T - |
GBM Nal ] F GBM Nal ]
' 500 keV + 10" 500 keV E
10* -; 10* -;
3 ] 3 ]
i 10’ - 310 -
8 - T -
10 3: 10 i
1 kL ded e — — " n ._é 1 PR TR T N R ST SN T NN TN ST AT S S TS T TR S NN S S TR S NN S R T
o 100 200 300 400 500 G600 I} 100 200 300 400 500 GO0
Energy (keV} Energy (keV)
A
°Los Alamos  GEaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004



GBM Simulation Design (3)

drmgen
application-specific
DRM generator

Inputs
* DRMdb/ARMdb databases (FITS; from
calsim/atmosim)

* Commands (interactive command
line, command macro file, or callable)

Outputs
* Application-specific DRM (FITS
format or memory for callable mode)
with or without atmospheric
scattering

External Dependencies
e (CCFits — FITS data file 1I/O for c++
from NASA/GSFC

e (CALDB/CalTools from NASA/GSFC

* LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




Detector Response Matrix: Example

Example: development version (no atmospheric response),
normal incidence, 100k events per 158 energies

Simulation time = 16.5 hours Simulation time =38.7 hours

BGO DRM

Nal DRM

2 3

Incident Photon Energy (keV)

Incident Photon Energy (keV)

8 8
BGO Response (cmz}

=

-
E
S
C2
[
)
B
o
a
3
[3
K|
4

o

10 10 10° 10! 102 10° 10¢
Measured Photon Energy (keV) Measured Photon Energy (keV)
ak
»LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12
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Atmosphere Model (1)

A full scale earth+atmosphere model
was created using concentric
spherical shells for the atmosphere
layers

NRLMSISE-00 (year 2000 release)
atmosphere data is used for
temperature, pressure, mass
density, and element number density

in each layer (http://uap-www.nrl.navy.mil/
models web/msis/msis home.htm)

Number and thickness of layers is
arbitrary, easily changed

Capable of modeling 0-1000 km

A )
“ collection
surface

A “plane wave” is incident upon the
earth; the direction and energy of
scattered photons is recorded when
they cross a “collection surface”
surrounding the model at the space-
craft altitude.

» LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




Atmosphere Model (2)

(COSPAR International Reference Atmosphere, 1961.)

DENSITY (kg
0™ 10 10°*° 107
T LI |
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1000
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| The G4 model temperature, =800l | Atmosphere
_ o - pressure, and density compare §7oo|
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. =
r \ Space Astronomy and Physics) S 300
“ 200 N DENSITY

: 100} PRESSURE

o] | |
=13 =14 =13 =12 =11 =10 =% =8 =7 =6

LOG,, DENSITY, 5 [g em™3) 0 =
R T R T T 10°  10* 10° 10* 10°
TEMPERATURE, T (K} PRESSUHE (N m':}

L | | I 1 i
7 8 9 10 11 12 13 14 15 16
LOG,;, NUMBER DENSITY, » (cm 3}

-
o
[=]
-
o
[=]

2
2

500—— ; ; - ; 500— - ; ; ; ; 500 ; ; ; ; ;
s Ghmodel ) s\ Gdmodel ot o\ Gdmodel
- temperature Eo pressure s s EooL density : :
3505_ 3505_.... 3505_
E 300 - E300L E300% -
X F x F z £
S 250 - S250 2500
g F 2 F g F
2005 2 2005 2200

[=]
[=]

=]

. oo A b L e 1 RN R A
200 400 600 BOO 1000 1200 e -4 -2 0 2 4 6 14 42 40 B8 5 4 2

16
Temperature (K) log,, Pressure (Pa) log,, Density (glcm™)
JAR
» LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004




Atmosphere Model (3)

The atmosphere is composed of 7 elements, with varying number
density according to altitude

G4 model
h {km) 500
500 Zombeck -
as0—
450 -
Compasition of the atmosphans a1 ground leve! B
Constituent Mparticles em™') loggn 400 —_
400 My 210" 19.3 -
0; 5.4 x10" 1873 -
Hy0 3 110" 17.48 B
A 24107 17.38 N
350- co, 8.5 x 10 15.93 350 B
Ne 4.7 %100 1467 B
He 1.35 w 10" 14.13 -
*.-n 1.285 x 10" 12,11 B
| ML 1.285 x 10" 13,11 ~— 300}—
300 CH, 25 %101 124 £ -
0 4,725 % 10" 11,675 ] -
o 1.06 x 10 4025 ~— B
Water vapour and carbon diox ide Q B
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Atmosphere Model (4)

Y
]
=

Example (development version)

-
=
=

o
=

10k events per 158 energies

@
=

=

Photon Scatter Angle (degrees)

=
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R of incident particle (km)
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Phased Software/Model Development

Environment Models

Mass Models

Instrumental Effects

Prototype
Detectors

Design
Phase

Prototype
Environment

Prototype
Thresholds/Resolution

Y

v

Y

Flight Detectors,
Det. Level Config.

Test Environment 1

Detector Level Env.

Test Environment 1
Det. Cal. Results

v

Y

v

Flight Detectors,
Sys. Level Config

. . T e

Calibration
Phase

Test Environment 2

System Level Env.

v

'

Flight Detectors,
SC Level Config.
with Spacecraft/LAT
in Test Configuration

N

Test Environment 2
Sys. Cal. Results

v

N
Test Environment 3 Test Environment 3
Spacecraft Test S/C Cal. Results
Facility and Source '

Holder
vy

y

Flight Detectors,
Flight Configuration

Flight Configuration

Operations
Phase

with Spacecraft/LAT in

Flight Environment

with Atmospheric
Scattering Model

Flight Performance
with Periodic Updates
from In-flight
Calibration Database

# Software and models
require cross-validation
with calibration data

#% Three phases of SIM/DRM
sw/model development

e Design

simulate prototype detectors

e Calibration

Simulate three levels

of calibration/test
* Detector level
* GBM system level
* Omn-spacecraft level

* Operation
* In-flight configuration
appropriate for analysis
of science data
* DRM generation

/’\
)
N LOSAIamos GEANT4 Space Users Workshop

Nashville, TN

May 10-12

Hoover & Kippen 2004




Some Remarks on GEANT

Strengths

* Flexibility of GEANT4 lets one tailor the application for their specific
needs

* GEANT4 can simulate on the scale of nanometers (good for instrument models) or
kilometers (good for planetary models)

* Data oufput format is entirely up to the user

* One can select only the physics processes that are needed, ignore the rest

Concerns

* Speed - we must simulate many energies for many source positions with
low detection efficiency

* We have observed infinite loops for at least two geometries (volumes sharing a
boundary, cylinder inside a sphere). We are worried about infinite loops appearing in
the final geometry, which will be much more complex

* Low-energy Compton scattering — External packages? Penelope?
Why not fix G4LowEnergyCompton?

* GDML: long term support? Compatibility with XERCES (currently it works
with XERCES 2.4.0 but with error messages)

* Reluctance of G4 team to fix geometry/tracking errors

/\

S |
» LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004



Development Schedule

#* Development version of simulation code is well underway, using
simplified models for the Nal/BGO detectors

* Next few months... we expect detailed drawings and material
composition information for Nal/BGO assemblies. This will be
translated to G4 geometry models, followed by verification with
calibration data

#* 2005... we will receive drawings/material information for the
spacecraft. Then we create G4 geometry for spacecraft + detectors,
also verified with calibration data

# 2006... incorporate in-flight detector configuration into the
simulation

#* 2006... final DRM/CALDB databases

% 2007... GLAST launch

A
» LosAlamos  GeaNT4 Space Users Workshop Nashville, TN May 10-12

Hoover & Kippen 2004



Mal Detector #1 E =100 keV
(with SC) '

GLAST Observatory Model GBM Nal

Detector Model

BGO Detector #12
GBM BGO (With SC)

Detector Model

- ,5) em’
_guu

FIGURE 1. Left: Mass models of the GLAST observatory used for GBM instrument response simulations. Rig/ht: Preliminary
GBM “direct” response as a function of sky direction for a single Nal (top) and a single BGO (bottom) detector at specific
energies (LAT pointing axis 1s at latitude = 90°). The full DRM database will capture this mformation for all energies and angles.

Kippen+2007
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/ Gamma-ray

/ Space Telescope
\

= Purpose of Calibration:

o Performance verification of )
- Energy calibration ¥y
- Energy resolution S
« Effective area

o Provide accurate data
«  Comparison with simulated detector response data
« Scientific analysis
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/ Space Telescope
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1. MPE (2005)
o Calibrated radioactive
sources (14 keV - 4.43 MeV)
in the laboratory

2. BESSY synchrotiron radiation

facility (Berlin, 2005)
o Low-energy accelerator (10 — 60 keV)

3. SLAC (USA, 2006)
o High-energy Van-de-Graaff
accelerator (6 - 18 MeV)
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~
Model of MPE calibration setup full environment Sermi

Gamma»ray

4 Space Telescope
»

= |ncluding

o Complete detailed
models of Nal+BGO
detectors with
spacecraft mounting
brackets

Complex holding
structure, enabling
rotation of detectors
around all 3 axes
during the
calibration, included
a wooden stand
raising it about one
meter above the
laboratory floor,

&
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TR i
$r- \-!.-T-

i1
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| ——————r

~ e

AIP Conference Proceedings 921, 572 (2007); http://dx.doi.org/10.1063/1.2757457 Steinle+2007
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For simulations, the room is illuminated isotropically with the appropriate photon energy spectrum for
each radioisotope. Tracks for 100 events are shown at left.

Detector Source Detector (with source behind, in line)

Hoover+2007



E. Bissaldi

MPE Gamma-Group Retreat e October 11, 2007

For Nal detectors:

14 lines from 8 radioactive nuclides
For BGO detectors: 11 lines from 8 radioactive nuclides

Line # | Line Energies Nuclide
,IJQLCGJJQ» e KEV] Line # | Line Energies Nuclide
| 1 1441 |Co-57 for Calib. [keV]
2 22.1 |Cd-109 1 124.59 |Co-57
3 25 |Cd-109 2 279.2 |Hg-203
4 32.06 |Cs-137 3 511 [INa-22
5 -:(-‘»(‘ Cs-137 4 661.66 |Cs-137
6 *H Am-241 5 834.84 |Mn-54
\ ; 1::_::7 gdé;m ‘ 6 898.04 |Y-88
| =2.06 LO- 7 1173.23 |Co-60
9 13647 1Co-57 | 8 1274.54 [Na-22
10 279.2 |Hg-203 9 1332.49 |Co-60
1; ~ l>(l(l 22357 10 1836.06 |Y-88
834.84 |Mn-54 1 b
898.04




v-ray lines for calibration of the NaI detector

E. Bissaldi

GJJ i

. ’II!.-
’4:51. |"'|Hl\=nm
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—a¥ e
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. - ] Line energies | Transition Weighted Mean Line for
i S s i [keV] Probability | [keV] | Prob. | Calibration of
“Fe 1001.0 (23)d/2.741 (6) v Ma-SumK 5.96 0.283 (10) Nal(T1)
Np-Lal 13.95 0.1193 (11) -
Np-L§ 17.54 0.1861 (15) S
*Am 4322 (7)y Np-Ly 21.01 0.0482 (4)
y 2634 | 0.02400 (20) .
59.4 0.359 (4) Nal(T1)
Ag-SumKa 22.1 0.836 (6) 22 61 1014 Nal(T1)
wed 462.1(14)d Ag-SumKp 25 0.1777 (19) Tk i Nal(T1)
88.03 | 0.03626(20) Nal(T1)
Fe-SumK 6.48 0.579(8) Nal(T1)
T - , 14.41 0.0916 (15) Nal(T1)
0 Z716318) 0 y 12206 | 08560(1) | o0 | o003 | _NAIIDBGO
‘ 136.47 0.1068 (8) Nal(T1)BGO
Ti.L 11.1 0.060 (12) Nal(T1)
“Hg 46.604 (17)d T1-SumKee 72.11 0.102 (3) Nal(T1)
) 2792 0.8146 (13) Nal(T1)BGO
Ba-SumKe 32.06 0.0553(10) | 500 | o0.060 Nal(11)
¥Cs 11000 (90) d /30.13 (24) y | Ba-SumKp 366 | 00132127 Nal(T1)
Ba-137m 661.66 0.8500 (20) Nal(T1yBGO
“Mn 312.15(8) d Cr-SumK ‘5.-1-' _—.‘.is 4) ' .\'aI.’,TI;{
83484 |0.999750 (12) Nal(T1yBGO
o - E— ) 1173.23 0.9985 (3) BGO
o 19253 (9 d/52712(11) 5 133249 | 0999826 (6) BGO
Mar e < ( Anmh 511 1.798 Nal(T1yBGO
Na 950.5 \4)(1 1274.54 0.0904 BGO
- o——— _ " 136863 | 0.999932 (7) BGO
Na 0.62328 (23) d /14.959(6) h 3754 01 0.99571 (3) BGO
Sx-ﬁmnlfa 14 _‘;4 'El 522 1'6? 439 0.616 Nal(T1)
sy 106.630 (25) d Sr-SumKg 15.8 ':1.09-'-13;
y 898.04 0.940 (3) Nal(T1)BGO
1836.06 0.9933 (3) BGO
*Am/Be 4322 (Nvy 4430 0.00004 BGO
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. - Line energies Transition Weighted Mean Line for
Nuclide Half-life Decay £ . 0
) [keV] Probability [keV] Prob Calibration of
“Fe 1001.0 (23)d/2.741 (6) v Ma-SumK 5.96 0.283 (10) Nal(T1)
Np-Lal 13.95 0.1193 (11) -
_ Np-L§ 17.54 0.1861 (15) .
*Am 4322 (7 y Np-Ly 21.01 0.0482 (4)
y 26.34 | 0.02400 (20) .
: 59.4 0.359 (4) Nal(T1)
Ag-SumKa 22.1 0.836 (6) 23 61 1014 Nal(T1)
¥cd 462.1 (14)d | Ag-SumKp 25 0.1777(19) | — ) Nal(T1)
88.03 | 0.03626(20) Nal(T1)
Fe-SumK 6.48 0.579(8) Nal(T1)
o . , y 14.41 0.0916 (15) Nal(T1)
“'Co 271.83(8)d L2 ),
s Y 12206 | 08560(1) [ oo | o | Nal()BGO
y 13647 0.1068(8) | 27 | Nal(T1yBGO
_ TI.L 11.1 0.060 (12) Nal(T1)
‘Hg 46.604 (17) d T1-SumKex 72.11 0.102 (3) Nal(T1)
2792 0.8146 (13) Nal(T1)BGO
Z (ot 32.0 0.0553 (10) Nal(T1)
" s Ba-SumKe 32.06 i 0553 (10) 3289 0.069 \'\. 1
¥Cs 11000 (90)d /30.13 (24) v Ba-SumK§p 366 | 001321 27) Nal(T1)
Ba-137m 661.66 0.8500 (20) Nal(T1yBGO
. PP Cr-SumK 547 0.258 (4) Nal(T1)
‘M 312.15(8)d - e
- ? )< 83484 0999750 (12) Nal(T)yBGO

5 . . 1173.23 0.9985 (3) BGO
€ 253 52712 , )

Co | 19253(4)d/5.2712(11)y 133249 | 0999826 (6) BGO
1y N Anmh 511 1.798 NaI(T1)yBGO
“*Na 50.5 (

- 950.5 (4) d 1274.54 0.9994 BGO
= _ 136863 | 0.999932 (7) BGO
N 2328 (23 4.959(6) 1

Na | 0.62328(23)d/14.95%(6) h 375401 | 099871 (3) BGO

Se-Somkax 14.14 05220 | 143 | o616 Nal(T1)

sy 106.630 (25) d Sr-SumKg 15.8 0.094 (2)

Rt s $98.04 0.940 (3) Nal(T1)yBGO
1836.06 0.9933 (3) BGO
* Am/Be 4322 (Nvy 4430 0.00004 BGO
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3)
Nuclide Line Energies
(keV) Probability (%)

_——

1. MPE Laboratory (2005):
Calibrated radioactive , - LN

sources (14 keV - 4.43 MeV)

0 0.963
0.1068 (8)

30.13(2

—
1 15(8)d
I 1 N 2T

——
i _ 0

: ——
2Na 950.5(4) d
—

106.630(25) d
_
32 - S . — .

e
-

E. Bissaldi GBM Team Meeting ® Garching e April 28-29, 2008 3




BESSY and SLAC

) - ’IH’
‘ m

54 anan

2. BESSY synchrotron radiation

facility (Berlin, 2005)

e Low-energy accelerator

(10 - 60 keV)

Beam Energy Line Center Beam Energy Line Center
keV Channel # keV Channel #

e meon [ s aon |

[ [ eeeons |5 ieesaoor ]
oo [ 3| ionsizoo |
s [ mweom [0 wosoo |
TR P O AP
= eweee 1]

3. SLAC (USA, 2006)

= High-energy Van-de-Graaff
accelerator (6 — 18 MeV)

N I N L
Nuclide Line Energy | Line Number Line Number o1 | Fvoz
(ke\) (EQ\I a MPE) | (EQM @ SLAC)

AmBe (
AmBe

%0 (st

A
2

1218181281 m 1 P P 2 w|w
el ool ol el B R 2 RN RS RV B w

SE *Be (DE)
“Be (SE)
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14586
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E. Bissaldi GBM Team Meeting ® Garching e April 28-29, 2008



== Background

E. Bissaldi

Counts/Hour

8000

6000

4000

11: 136.47 keV
12 122.06 keV
13: 14.41 keV

14.41 keV

122.06+136.47 keV

Characteristic X-ray
Iodine escape peak
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INFN Seminar Trieste ¢ December 12, 2007
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E. Bissaldi

Data

Fit

122.06 keV line
136.47 keV line
Escape peak
Linear background

MPE Gamma-Group Retreat e October 11, 2007

- Example of triple gaussian fit

IDL routine "mpfit”

A 4 1n2 (x—x.)2
G(x) = o, \/:(,Hn_ :
w n w2

Free parameters:

Peak area (A)

Peak center (x.)

FWHM (w)
Initial guessed parameters are
crucial for good fit results

Area constraints

Karea = P122.06kev/ P136.47kev = 8.015

For getting an estimate of the
errors affecting the fit parameters,
each line was fitted adopting
different conditions:

Background

Range (ROI)

Rebinning
New errors larger then the
statistical errors were added as
systematic errors




Response of NaI(TI)

I Na I (TZ) - LINEARITY FUNCTION NORMALIZED I

TO Cs'37

7

CRYSTAL : 0.057 em THICK
PHOTOMULTIPLIER : AMPEREX XPII0I0

PHOTOPEAK AMPLITUDE / E NERGY
(PHOTOPEAK AMPLITUDE /66! sslc.'S
-
LI |

IODINE L'SHELL ABSORPTION
1.0 EOGE .
I : ~TODINE K- SHELL
:]_AesonPTION EOGE
0.9 l 1 | Ilj_lJ | el ¢ laaal L ' B e
4 6 10 20 40 60 WO 200 000

Energy [keV]
= Nonlinearities appear at energies corresponding to the K- and L-

edges in Iodine:

« Photoelectrons ejected by incident gamma rays just above the K energy
have very little kinetic energy so that the response drops. Just below this
energy, however, K-shell ionization is not possible and L-shell ionization
takes place. Since the binding energy is lower, the photoelectrons ejected
at this point are more energetic which causes a rise in the response.

E. Bissaldi MPE Gamma-Group Retreat e October 11, 2007



Fermi-GBM Response Functions

o Nal(Tl) spectra measured with monochromatic synchrotron radiation

''''''''
-

Below K-e&gesEmnefgyn (2009)

Above K-edge energy
= characteristic lodine
escape peak

E. Bissaldi
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Clibro’rion at Electron storage ring
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Gamma»ray

/ Space Telescope
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(Counts/Hour) x 10
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Gamma-ray
Space Telescope

Nuclide (1) Half-life (2) Line origin (3) Line Energies (4) Transition
(keV) Probability
22Na 950.5(4) d Annih. 511 1.798
o y 1274.54 0.9994
o Nal(Tl) spectra measured with
*Mn 312.15(8) d Y 834.84 0.999750(12)
. : . v 14.41 0.0916(15)
various radioactive sources
% 136.47 0.1068(8)
Co 5.2712(11) y v 1173.23 0.9985(3)
% 1332.49 0.999826(6)
L L L B 120 1 T i T T |8y 106.630(25) d v 898.04 0.940(3)
1457 K A1/203 y 1836.06 0.9933(3)
Nal/?*Co - (d ) Nal/ Hg A Sk 2.1 0.836(6)
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% 88.03 0.03626(20)
o 1 L L Ba—SumKe 32.06 0.0553(10)
st i — 3 137¢g 30.13(24) y Ba—SumKp 36.6 0.01321(27)
= e 8 Ba—137m 661.66 0.8500(20)
Py 1 - r 203Hg 46.604(17) d % 279.2 0.8146(13)
= i =] r 22Th 1.405(6)E10 y 28T (y) 2614.53 0.3564
= = 6 [ f“.,\m 43227y y 59.4 0.359(4)
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o BGO spectra measured
with various radioactive sources
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Comparative
pulse height
specira
measured for
BGO and Nal(Tl)
scintillators of
equal size (7.6 x
7.6 cm) for
gamma rays
from 24Na
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Fermi-GBM Response Functions
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Nal validation results

Comparisons of measured and simulated data using the complete laboratory model are shown below for the Nal detector.
Simulated data is normalized to the measurement livetime. The measured energy dependent resolution is applied to the
simulated energy deposit in the Nal crystal to reproduce the detector resolution. In general, the simulation results reproduce the
measured data quite well. llluminating the room isotropically is critical for reproducing the backscatter peaks. There are a few
discrepancies to be understood, such as apparent missing low energy lines in the simulation for 2*!Am and 19°Cd, and
a slight offset in the profile of the Compton edge.
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BGO validation results

BGO validation results are shown below. As with the Nal results, the measured detector resolution was applied to the simulated data.
The BGO detectors are intended to operate in the ~150 keV to 30 MeV range. Shown here are low energy results from laboratory
calibration sources. Higher energy calibrations are performed at an accelerator facility and do not lend themselves to straightforward
validation simulations.
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MC validation @ y-lines

NaI FM04
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Simulation validation

S7Co o 122.06 & 136.47 keV

Dat
Data Fi: 2

e FI T 122.06 keV line
— 122.06 keV line 136.47 keV line
136.47 keV line Escape peak

Linear background
Unbroad sim lines
Broad sim lines

Escape peak
Linear background

=3 E. Bissaldi AGADE Workshop ® Garching ® June 2-5, 2008 23



10000 BOOO

Nal/"Co ' Nal/“Co
(122.06 & 136.47 keV) . (122.06 & 136.47 keV)

(ST

4000}

Counts/Hour

4000 S Data
| \ . Fit

f 122.06 keV line
Dat 2000} !
Fit 2 ; 136.47 keV line
122.06 keV line i | a _ ‘ Escape peak
136.47 keV line \ . . ) . Linear background
Escape peak VTP AT . 0 — . Unbroad sim lines
Linear background 600 : 100 120 Broad sim lines

Channel # Energy (keV)

1000

Nal FM 04 (10 - 33 keV) Nonlir_learities appear at
' energies corresponding to
ichrotron radi the K-edge at 33 keV
in Iodine!

Nal FM 04 (

Energy (keV)

Energy (keV)

Residuals (%)

100 120

1000 2000
Channel #

Channel #
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Experiment

+ Two sources, 12 orientations around SC

+ + + +

Simulations

+ Separate collimator & spacecraft/room

simulation
+ Model being iterated

28 Apr. 2008

137Cs (662 & 32 keV) & 59Co (1.17 & 1.33 MeV)
Custom lead source collimator

Flight electronics (redundant DPU board)
Calibration just completed

Simulations & Instrument Response M. Kippen / LANL

ESEIY

-11-




Source Collimator Model

The source collimator is show above. The purple and red
regions are made of lead. The blue is the aluminum outer shell.
The green is a stainless steel source holder. The source is
attached to the front of the stainless steel piece which is at the
entrance of a 30 degree by 30 degree opening. The size is
about 6” x 6” x 6” and weights about 60 Ibs.

The image above shows 3000 simulated gamma-rays inside
the collimator. As one can see it does a pretty good job but
some gamma’s will get out through he collimator.

Wallace+2007



|___Angular Distribution from Collimated Source |
1805

A simulations was done using about 250 million primary 160[% 10°
gamma-ray. The output energy and angles were recorded 140
and used to model a source with similar energy and angular

distribution but only throwing those gammas that escape. '§12° |
g,wo = 10°
|___Energy Spectrum from Collimated Source | g
10"%- - 10
10*"%‘ ________
105? e Lot Lo bt ot b Lt K ettt b ] s 1
2 F -150  -100  -50 0 50 100 150
B0 E phi [degree]
S10°k
102 The output from the source model is shown above.
Approximately 9 million gamma-ray per second are emitted.
10 The modeled source is binned into 16 phi distributions based

0 100 200 @800 00 soo eoo on theta and 64 different energy distribution based on the
Energy [keV] theta and phi.

Wallace+2007



In order to understand to effect the spacecraft mass has on the detector response simulations using the source
model were done with the full spacecraft as well as without but with detector in the proper location. Above shows
the two configuration simulated. The left is the spacecraft in its flight configurations, the right image is only the
GBM detectors. Wallace+2007



Below is the energy spectrum for the BGO detectors with and without the spacecraft on both sides.

I Ago Crystal with Direct Exposure |

» — Without Spacecraft
W —— With Spacecraft

i i i i i ] i i i
) 100 200 A0 44 SO0 00 T0O

| Bgo Crystals on Both Sides of Spacecraft |

w —— Direct Exposure
@ —— Through Spacecraft

i
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Wallace+2007
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GBM Detector Response:

Nal Detector BGO Detector

2
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GBM Detector Response
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. . NaI(TIl) nonlinearities at the K-edge
_ _ ";gag(‘j%é}%?;gls%ggﬁon energy (33.17 keV) studied with
13 ey y radioactive sources + BESSY

measurements

High-energy (BGO) range

BGO Detector(EQM):0.2-20 MeV

A Radioactive sources
o Van-de-Graaff (p,y)-reactior
—Empirical fit
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BGO high-energy calibration was
performed up to 18 MeV
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=» Bissaldi et al. 2009, Exp. Astr. 24
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/ Space Telescope
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GBM performance: Effective area

On-axis effective area

w= Nal FM O1-13
= BGO FM 01-02

On-axis
effective
area

~ 120 cm?

Effective Area ((‘mz)

[
~
e

100 1000
Energy (keV)
Off-axis effective area
Nal FM 04 BGO EQM

Y -8908.04 keV
—"Y -1836.06 keV

,
Area (cm-)

Effective Area (cm”)

Effective

=» Bissaldi et al. 2009, Exp. Astr. 24 : 0 90 180 27 . 0 90 180

Source Angle (deg) Source Angle (deg)
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Nal o Off axis effective area

Nal * FMO4 * Off Axis Effective Area

rr~frrrr[rrrrrrrrrr[rrryrr 3 T

120 -

i — 32.06 keV (137Cs) _

. }__ —  279.2 keV (2°3Hg) -

100 B 661.66keV (137Cs) 7

E o Requirement ]

8 - -

=y - _

0 60 I~ _

- - [1{ \ Tomography of Nal ]

& i Ty detector |
L

40 - —

I e ]

20 - N —

O sl R R N TN TR TR T NN TN SR SN TR (N TR TN TN SN AN TR SR RN SR N TR TR SN S N T T

0 50 100 150 200 250
Source Angle [deg]

E. Bissaldi MPE Gamma-Group Retreat e October 11, 2007



E. Bissaldi

L)

Effective Area [cm

1201

o
()
I

60—

( 898.0 keV)

[/

v' (1B36.0 keV)
\l

Tomography of BGO
detector

—200

—-100

MPE Gamma-Group Retreat e October 11, 2007

0
Source Angle [deg]

100

200




/b

= = 1C @ erml
; o L L] Gamma-ray
/ SpaceTeIescope
QDE QDE
a D 1 P —— N
N Al(TL) 0.08 0.10 0.12 0.14 0.16 0.87 0.89 0.91 0.93 0.95
SCINTILLATOR » o o
CRYSTAL Py . O
= L = ~J X S TR
UNIFORMITY § > N c -
Lz—u g\ t\:,; EE ¢ M. ), _.f/;
R 900 F 1 . = ~ - \
-\ * |
‘:-\ e I 4";‘7 ‘~_:_:.,Y 3)’/
50 100 150 50 100 150
DET X (mm) DET X (mm)
Line center (channel #) Line resolution (%)
C o 31 9 3
42 : , 24 25 2 27 28 29 30
950 44
E ‘ E
E £
R p
z 2
900
50 100 150
DET X (mm) DET X (mm) Bissaldi+2009
88

E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022




/%

> » @5 ermi

Gamma»ray

/ Space Telescope
\

Fermi-GBM 2.4 hr accumulations of background

Nal(TI):

= 511 keV line from positron ” |
annihilation in the atmosphere and - ‘
nearby materials - Used for AGC | |

o 2lines from excited '?/| energy 3 1
levels of (67.6 and 202.9 keV) I

o Passive materials in front ‘
the detectors limit the response ‘

of the detectors significantly at I Nal(Tl) M -. BGO
~8-20 keV (low energy drop) | | A \

BGO:
= 2.2 MeV line due to neutron Meegan+2009
capture in the large amount of H contained in
the hydrazine tanks of the spacecraft “Overflow channels”
- Used for AGC
o 1.46 MeV line is due to 4K from the Nal: ~TMeV
potassium contained in the glass in the PMTs BGO: ~45 MeV

"D INFN
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(- E. Bissaldi 15t National Worksh GEANT4 « 9 December 2022 89

1

s 8 /heV

JIIJI\‘ I
1000




/%

: . N o w
= » ol= - o »10 L L] U Snfa»ray L
/ SpaceTeIescope
Bacground rates: Temporal plots over 1 day (86400 s)
oL v por Key GBM Performance Capabilities [ e
- p09.72: 50000, ke
soof- :
F Energy resolution (FWHM) ~15% at 100 keV; ~10% at | MeV -
e aon High-rate performance <2% distortion at 50,000 cps ]
g Energy range 8 keV to 40 MeV E
% - On-board trigger threshold 0.74 photons cm ™2 s~ -
: On-board burst location error <15 deg
200 Burst trigger rate ~260 per year _
Dead time per event 2.6 us
100 - . L
o 2x10° Ax10 10 gx10® Filis o Rl 4=1" axig® axio* 1ang?
Tome Sinca TSTART (&) Tiene Since TSTART (s)
o Times of zero rate due to turning off the PMTs during Meegan-+2009

South Atlantic Anomaly (SAA) passages
o High rates near the SAA boundaries
- Effect of activation by the SAA more pronounced in BGO detectors
o Nal rates are shown for the primary trigger energy range of 50-300 keV
*  Average ~320 cps, very little variation among the 12 detectors

N
E. Bissaldi 1st National Workshop on GEANT4 e 9 December 2022 90



9. The GBM catalogs!

« GBM 10yr GRB trigger Catalog ven kienlin+2019 (in prep)

2018 . cem 10yr GRB spectral Catalog poolakkil+2019 (in prep)
« GBM 10yr GRB time-res. spectral Catalog sissaldi+2019 (in prep)
« GBM 10yr Accreting Pulsar Catalog malacarian+2019 (in prep)

« GBM 8yr TGF Catalog roberts+2018 (submitied)

« GBM 6yr GRB trigger Catalog (3FGBM) Bhat+2015.ApJs5223
« GBM Syr Magnetar Burst Catalog collazzi+2015.ApJss218
 GBM 4yr GRB time-res. spectral Catalog yu+2016.a2A588
« GBM 4yr GRB spectral Catalog Gruber+2014.Apiss211

« GBM 4yr GRB trigger Catalog (2FGBM) von kienlin+2014.ApJss211
» GBM 3yr X-ray Burst Catalog senke+2016.Api826

« GBM 3yr EOM catalog wison-Hodge et al. 2012

« GBM 2yr GRB spectral Catalog coldstein+2012.ApJss199

« GBM 2yr GRB trigger Catalog (1FGBM) paciesas+2012.Ap1s5199

TR gt ) = 30 f—

E. Bissaldi ASI Open Day 10 yr Fermi e Rome ¢ 11 June 2018



BREAKTHROUGH #:1: GRB+GW DETECTION (2017)

Gamma rays, 50 to 300 keV GRB 170817A
Fermi B
3
[}
Reported 16 seconds 5 1,000
after detection 3 2
i
LIGO-Virgo
Reported 27 minutes after detection _Grawtatlonal-‘wave stram' : : GW1 7081 7
| K ~~ “w l,ﬁJ
= t'. ’{;ﬂ rﬂ.f
E ’ 3 N ‘.-:)5 Pe
o '?ai’ ?p“ 0
;’g’i‘i' ot
i e =
- T
4

Time from merger (seconds)

INTEG RAL Gamma rays, 100 keV and higher GRB 170817A

Reported 66 minutes
¥ 1 T 120,000
after detection S
2
8 115,000
12
€
o
(e}
(&)
110,000

Credit: NASA GSFC & Caltech/MIT/LIGO Lab
https://www.youtube.com/watch?v=-Yt5EmEgz2w



Announcements on 20 Nov. 2019
1.H.E.S.S. observation of GRB 180720B
2.MAGIC observation of GRB 190114C

Announcement on 4 June 2021

3. H.E.S.S. observation of GRB 190829A . '

nature

Article | Publi
Avery-high-energy component deep in
the y-ray burst afterglow

Abstract

Gamma-ray bursts (GRBs) are brief flashes of y-rays and are considered to
be the most energeti ive phenomenain the Uni el. The
emission from GRBs seconds)and
bright prompt emission, followed by a much longer afterglow phase.
During the afterglow phase, the shocked outflow—produced by the
interaction between the ejected matter and the circumburst medium—
slows down,and a inbrightn
typically emit most o

kiloelectronvolt-to-m

E. Bissaldi —

©CRR UTokyo/Naho Wakabayashi

1038/s41586-019-1750-x

Published: 20 November 2019
Teraelectronvolt emission from
the y-ray burst GRB190114C

MAGIC Collaboration

Nature 575, 455-458(2019) | Cite this article

4230 A 493 Alt Metrics

Long-duration y-ray bursts (GRBs) are the most luminous

Abstract

sources of electromagnetic radiation knownin the

Universe. They arise from outflows of plasma with

velocities near the speed of light that are ejected by newly

formed neutron stars or black holes (of stellar mass) at

cosmological distances"2. Prompt flashes of

megaelectronvolt-energy y-rays are followed by a longer-

Abdalla+2021

GRB 190829A

GRB 190114C

EBL absorption (e~ "52)

3x10"
Energy (eV)

Science

Contents ~ News ~ Careers - Journals ~

Revealing x-ray and gamma ray temporal and spectral
similarities in the GRB 190829A afterglow

dalla’, . Aharonian?®* F. Ait Benkhali¥, E. 0. Angiiner®, C. Arc:

eletters [5PDE

& C. Armand’, T. Armstro...

Abstract

light curves
mma-ray

Monn‘onng The ngh energy Sky with Small Satellites — Brno — 6 September 2022 93
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National Aeronautics and Space Administration
Goddard Space Flight Center

Sciences and Exploration —Quick Links—
HEASARC Home Observatories Archive Calibration Software Tools
. | Lo Figaram e 1 ]
https.//heasarc.gsfc.nasa.gov/I : ]
s {67
NASA’s HEASARC
High Energy Astrophysucs Scuence Afchivé’ Research Center
About the HEASARC Resources for Scientists Feedback, FAQ & Help Desk Site Map

Active Guest Observer
SRk Sclence Centas The High Energy Astrophysics Science Archive Research Center (HEASARC) is the primary archive

for NASA's (and other space agencies') missions studying electromagnetic radiation from extremely
energetic cosmic phenomena ranging from black holes to the Big Bang. Since its merger with the
Legacy Archive for Microwave Background Data Analysis (LAMBDA) in 2008, the HEASARC archive
| contains data obtained by high-energy astronomy missions observing in the extreme-ultraviolet
! (EUV), X-ray, and gamma-ray bands, as well as data from space missions, balloons, and ground-
based facilities that have studied the relic cosmic microwave background (CMB) radiation in the sub-
j mm, mm and cm bands.

The HEASARC is a member of the NASA Astronomical Virtual Observatories (NAVO) where we
' work with other NASA archives to ensure comprehensive and consistent VO access to NASA mission
datasets. Users may now query the HEASARC's catalogs using VO-enabled services and specialized
tools. This page describes how to get to the HEASARC VO-enabled services and provides
g information on other HEASARC VO activities.
Historic Guest Observer

Facilities/Science Centers

HEASARC
Picture of the Week

APOD: Astronomy Picture
of the Day

NASA Archives

HEASARC Quick Links

[cls B Search HEASARC website

[Advanced Search]

Students/Teachers/Public

>

V"‘
Other Archives

Latest News

* NICER follow up of the new X-
ray transient IGR J17533-2928
(08 Mar 2021)
NICER observations of the new
transient IGR J17533-2928 about a
week after it was first detected by
INTEGRAL showed that the
spectrum was consistent with
modified blackbody emission and
did not detect any pulsed emission.
The nature of the transient remains
to be revealed.
¢ XSPEC 12.11.1a-d Patch
Released (03 Mar 2021)
XSPEC patches 12.11.1a-d have
been released. These patches
improve the nsx model, fixes a crash
in spectra in which all channels are
ignored, fixes a bug in file checking,
and fixes an error in the
normalization of the gadem family of
models.
* NICER Spectroscopy of MAXI
J1848-015 in the Stellar Cluster
GLIMPSE-C01 (02 Mar 2021)
NICER observations of this new
transient show complex iron line
emission and a luminosity much less
than the typical Eddington luminosity
for a neutron star.
* NICER detects pulsations from
Swift J1749.4-2807 (02 Mar 2021)
NICER observations of the
eclipsing, accnetmg mﬂllsecond

q




Topics | Missions ‘| Galleries | NASATV | Follow NASA | Dowloads - About | NASA Audiences ... Q <

Fermi Gamma-'ray Space Telescoj:'e

- Overview ‘ Images

Follow

https //www nasa. gov/content/ferml gamma ray- space telescope

Follow
fH

Learn More

Spacecraft and Instruments

Mi=sion Team ‘ 5 ) NASA Missions Unmask
Magnetar Flares in Nearb...

Related Topics

Active Galactic Nuclei
Dark Energy/Matter
Galaxies
Gamma-Ray Bursts
Pulsars
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Fermi « FSSC » HEASARC

: NCA National Aeronautics and Space Administration Sciences and Exploration
e o i Goddard Space Flight Center

https://fermi.gsfc.nasa.gov/ssc/data/access/

Cp

Fermi

Gamma-ray Space Telescope

Home Support Center Observations Proposals Library HEASARC

Data Currently Available Data Products

» Data Polic
X The Fermi data released to the scientific community is governed by the data policy. The released instrument data for the GBM, along

) Data Access with LAT source lists, can be accessed through the Browse interface specific to Fermi. LAT photon data can be accessed through
the LAT data server.

+ LAT Data
+ LAT Catalog The FITS files can also be downloaded from the Fermi FTP site. The file version number is the 'xx' in the characters before the
+ LAT Data Queries extension in each filename; you should keep track of the version numbers of files you analyze since the instrument teams may
+ LAT Query Results update them.
+ LAT Weekly Files
+ GBM Data Note that the LAT and GBM data are accompanied by caveats about their use.

» Data Analysis ¢ LAT Photon and Extended Data

» Caveats o LAT Data Server (updated with PBR3 data 26-Nov-2018)
o LAT Low-Energy (LLE) Data (Browse table)
o Products available on the FTP Site (current processing version of the data).
» FAQ = Weekly Photon Files
= Weekly Spacecraft Files

» Newsletters

= Mission Long Spacecraft File

= Weekly 1-second Spacecraft Files

= Filtered Weekly Photon Files with Diffuse Response Columns
o Previous processing versions available on the FTP site

= Pass 8 (P8R2) Weekly Files

= Pass 7 (V6d) Weekly Files

= Pass 7 (V6) Weekly Files

= Pass 6 (V11) Weekly Files

= Pass 6 (V3) Weekly Files
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Fermi Six-year Sky Map

This all-sky view, centered on our Milky Way Galaxy, is the
deepest and best-resolved portrait of the gamma-ray sky
1o date. It incorporates observations by NASA's Fermi
Gamma-ray Space Telescope from August 2008 to
August zoulu energies greater than 1 billion

(GeV).

What Has Fermi Found?
Fermi’s Large Area Telescope (LAT) has
cataloged more 000 discrete

gamma-ray sources. The graph at
left shows a breakdown of these
discoveries. Blazars - active galaxies
powered by supermassive black

visible light falls between 2 and 3 electron volts.
Lighter shades indicate stronger emission.
NASA/DOE/Fermi LAT Colioboration

et
The gamma-ray sky isn't dark even
far away from bright sources.
Some of this radiation arises close i
to home, when highvelocity 4 . Blazars
protons (cosmic rays) interact
with interstellar  gas  and
starlight. Much of the emission
originates far beyond our
galaxy and is thought to be
the collective glow of sources
oo faint to detect directly.

natures remain unknown,

Unknown

grevtyolafaintforeground 2
galany causes ight from the distant —— i A
blazar B0218+357 1o take diferent paths and form '

ol imges (3 3t 1 hs il )
poths have difierent lengihs, 10 vlmmhlﬂhn e
3 fre, it wil agpear n the other after 3 Getzy b

moln-mnammmunm
I”‘ P X ove oy o
Fermi found the youngest millsecond

Cygous X 7 \
‘pubar yet known, in the globular star [P

Monster stars in & region called * cluster NGC 6624, Spinning 11,000
| tmesaminute, puar 1823-3021A oot peove_that_ sl outbuts

NASA Goddond. Fomrf»"ﬂ Center/Crue deWide \

interstellar gas. The stars’ o zsnlbnyunon.hmmlm T called navae emit gamma rays. Nowe typically occur
’ "‘v /e PSRIBIL0 | \ s whia dwar i 3 bnary System with 8 sn-Ske ‘produced. Fermi detects this emission, i
/ -mww/r«mnmmw ‘St erupts a5 shown in ths arit's rendering of Nova supernona femaants accelecate ORI ———
partices eventually M in 2012, Gamma_rays likely, arise_fro R wmr"m""fm"““"
;i produc l " coliding shock waves in the rapidly expanding debris NSt I CotrNUA
a1 5 7 / materia oten biocks the pusar’s raio beam NASA' Goddord Sy FUgHt Centr/S, Wiess \
ebarsden Sl UM / naunn, 261,y of e lmnmuumuum \

wm.mm-mmmmmm|mm.
/ was detected by Fermi for about 20 hours. The bunst included a 95
GeV gamma ray, the most energetic light et detected from 3 GRS,
NASA/DOC/Fermi LAT Codlaborotion

3cas43

Crab Nebula

The Crab Nebula, 3 young supernova
femnant containing & pulsar, surprised
Fermi astronomers with gamma-ray flares.

T means the an
/ bright despite lying 7 billion Ight-years

/ |
| Fermi sees gamma rays from star-forming regions ke 30 / NASA/CXC/HSTASL/). Hester et ol

Doradus n the Large Magelanic Cloud (LMC). More stars

Way's plane.
galasy’s heart, KASA/DO/Ferr LAT Collsboraron A%

location
in the Miky Way, leading to Intense gammarray emission.
| NASK/DOE/FermiLAT Colobarafion




High-energy astroparticle physics group Bari @2022
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