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FLAG working group status
e (oals:

o Collect and synthesize community input on capabilities &
technologies that motivate large (Probe-class or Flagship-class,
>~$1B) gamma-ray mission concepts for implementation in the
next decade.

e Today: update on input received so far.



ASTRA - Astrophysics Strategic Technology & Research Accelerator

The goal is to identify a small set (4-6 across all areas of astrophysics) of compelling mission
concepts (in the >$1B class) that address the most important open questions in astrophysics
and that could be advanced through the ASTRA incubator program.

Each SIG is asked to:
e Review the context: Consult Astro2020, Enduring Quests, ...
e Identify science priorities.
e Account for upcoming missions, Webb, Roman, HWO, potential IR/X-ray probes, and
international missions.
e Prioritize for the entire astrophysics community (not your subfield).
e Streamline community input.



18 submissions so
far.
Web-site open
through May.




Big Picture: What do we need to do now?
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Step 1: Astrophysics Questions that need to be addressed with
Gamma-ray Observations

e Goals for report :
o Present a map of questions to observational needs
o Present a map of generalized concepts that could meet
observational needs
e Starting Point for Table of Questions (most of this has already been
done)
o Build on FIG SAG
o Reference Astro2020
o Other older surveys and reports may still be relevant and
important
m Keep this in the Goldilocks zone... enough questions to
cover key areas of astrophysics where gamma ray
observations are needed. Not so many to make it a big
laundry list.



Working Table of Astrophysics Questions, Goals, and Observational Needs

ttps://tinyurl.com/

Edit the table directly using this link or send
vsrrout

comments to Henric and Liz.

e Homework for the group

o Settle formulation of questions for the report (FIG SAG?)

m Some are written as observational goals
m Are there key questions central to astrophysics and with very
high impact from gamma-ray observations that are missing?

o Specify observational needs well enough to assess basic feasibility
and allow definition of estimated measurement needs from
generalized concepts.

m Where is work is needed to obtain more quantified terms?



Theme

| Questions

Goals

Observational needs

Comments

Cosmic Explosions

What is the origin of cosmic
explosions?

What is the nature of the explosion
engine and its underlying physics?

What gets left behind across the
history of the Universe?

How has star formation changed
over cosmic time?

How do supernova (SN) engines
work? Critical in determining
compact remnant formation (black
holes and neutron stars), formation
and dissemination of the elements.

Provide prompt detections and
locations of gamma-ray transients
including neutron star mergers

Measure gamma-ray spectral and
temporal structures

Neutron Star Mergers for Kilonova
Studies

GRB progenitors are the most
massive stars and the GRB rate is
sensitive to the initial mass function
(IMF). Gamma rays can probe the
production of GRBs to high
redshift.

Nearly direct probe of asymmetry.
Gamma-ray observations of 56Ni,
57Ni, 44Ti, ... focus on the engine
itself (both thermonuclear and
core-collapse supernovae).

Wide to all-sky instantaneous field of
view; sub-arcmin to deg-scale
localization; timing accuracy to 30
micro-sec with 10 micro-sec precision;
keV-MeV energy range.

Wide to all-sky instantaneous field of

view; timing accuracy to 30 micro-sec
with 10 micro-sec precision; keV-MeV
energy range.

Wide to all-sky instantaneous field of
view with sub-arcmin to deg-scale
localization, timing accuracy to 30
micro-sec, with 10 micro-sec precision,
keV-MeV energy range.

Wide to all-sky instantaneous field of
view with sub-arcmin to deg-scale
localization, keV-MeV energy range

Large observation sample — sensitivity
to detect SNe to Virgo cluster;
time-resolved to probe element
distribution, high spectral resolution
(~1%) to measure ejecta velocity

distribution and distinguish decay lines.

See Astro 2020 Appendix B-Q2:
What powers the diversity of
explosive phenomena across the
electromagnetic spectrum?

See Astro 2020 Appendix B-Q2:
What powers the diversity of
explosive phenomena across the
electromagnetic spectrum?

Estimate of numbers to make an
interesting measurement?

Add some detail to observational
needs to bound
sensitivity/acceptance and
resolution needs




Theme

Questions Goals

Observational needs

Comments

Heavy Elements

How are are heavy elements
produced?

What is the underlying nuclear
physics behind their production?

How are they distributed and
transported?

What are the production site(s) of
r-process elements?

Gamma ray (and high energy X-rays,
>30keV) of kilonova observations
provide definitive identification of
r-process isotopes.



Theme

Supermassive Black
Holes

Questions

How do supermassive black holes
form and grow?

What are SMBH jets made of?

How do particles get accelerated to
relativistic speeds and interact

Supermassive Black Hole Evolution
(during the jetted AGN phase);
Particle acceleration in jets for
energy & CRs

How do supermassive black holes
form and merge? Are angular
structures in the low frequency GW
sky or individual sources?

Goals

The nature of jet launching
provides the jet composition. Jet
composition is more uniquely
probed (and less reliant on rare
events) by MeV polarization.
Blazar studies are usually
multiwavelength endeavors that
rely on survey data from Fermi.

Pulsars timed in the gamma rays

are free of most systematics (e.g.

ISM and solar wind) compared to
radio PTAs. GPTA times different
and many pulsars on the sky for
high GW angular resolution.

Observational needs

High effective area instrumentation in
the MeV regime, ideally a wide FoV
survey to reduce pointing bias
associated with flares. Polarization?

high acceptance 0.1-5 GeV instrument
with decent or good angular resolution
and timing accuracy.

Comments

What seeds supermassive black
holes and how to they grow? and
Astro 2020 Appendix D-Q3: How
do supermassive black holes form
and how is their growth coupled to
the evolution of their host
galaxies?

See Astro 2020 Appendix B-Q3.
Why do some compact objects
eject material at nearly-light-speed
jets, and what is that material
made of?

See Astro 2020 Appendix B-Q3.
Why do some compact objects
eject material at nearly-light-speed
jets, and what is that material
made of?

estimate of observational needs? Figure of merit?



Theme Questions

Goals

Observational needs

Comments

How does light behave under strong

Fundamental Physics magnetic fields?

Nature of dark matter

Photon splitting in astrophysical
setting is best observed between
50 keV and 1 MeV, below pair
production threshold where one
photon can split into two in a strong
magnetic field

probe of critical MeV-GeV energy
range where thermal WIMP
signatures happen. Retain
complete spectral and spatial
information. Complement direct
detection.

Axions/ALPs/dark photons/sterile
neutrinos/PBHs: spectral line
signatures in MeV scales

Energy and magnetar rotational phase
resolved polarization between 0.1-10
MeV.

angular resolution <0.05°: resolve
dwarf galaxy substructure, precision
morphological studies of Galactic
center excess; energy resolution <1%
for MeV lines [<5% GeV-TeV]; effective
area >30x Fermi-LAT: Detect thermal
relic cross-sections across full WIMP
mass range, achieve 5 sigma
discoveries in reasonable mission
lifetimes.

same as above?

sensitivity needs?



Next steps: How to address key astrophysics questions?
Develop mapping of capabilities to observational needs

Initial draft table in progress to be shared next with the group.
We will need your help to improve this.

Goal:
e Use community inputs to derive generalized capabilities, e.g.,

MeV/GeV imaging spectroscopy, wide-field transient
monitoring, MeV/GeV polarimetry ...
e Include estimated performance levels that can be reached,

some assessment of concept maturity.
e Connect these capabilities to the observation needs of science

questions.



Enabling Technologies



— TRL7 |
#System prototype demonstration in a space environment

|

— TRL6 J

*System/subsystem model or prototype demonstration in a relevant
environment (ground or space)

L ) Threshold?

=Component and/or breadboard validation in relevant environment

TRL4

TRL3

TRL2

TRL1



New Astrophysics
through new
measurement
capabilities

Transients &
multimessenger

astrophysics
(GW, v, ).

Approaches

- Bigger &
- Better

Satellite
Fleet



CZT Detectors & Coded mask &
Compton imaging (Moiseev+,
Orlando+, Karwin+)
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Figure 1. GECCO conceptual design: a) GECCO with Mask in stowed position and notional
spacecraft bus, b) GECCO with Mask in deployed position, ¢c) GECCO, cutaway.
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Shy et al.: cadmium zinc
TElluride Radiation
Imager (TERI)

| Mask Assembly

Ethernet Switch

Single Board Computer

Spacecraft Interface

Sophie Fendler (WashU Satellite): X-ray/gamma-ray burst detection with
optical/IR capabilities, possibly involving smallsats or cubesats.



Zoglauer et al. ARCTIS — the All-sky
Recoil-electron and Compton-photon
Tracking Imager and Spectrometer —

leverages novel hybrid germanium pixel
detectors (HGePDs).

Journal of
Instrumentation

PAPER « OPEN ACCESS

High-energy X-ray imaging with a Germanium
MM-PAD hybrid pixel detector

To cite this article: Lena A. Franklin et al 2025 JINST 20 P10025

View the article online for updates and enhancements.
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Future Space-based Gamma-ray Pulsar Timing Arrays
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ABSTRACT

Radio pulsar timing array (PTA) experiments using millisecond pulsars (MSPs) are beginning to
detect nHz gravitational waves (GWs). MSPs are bright strong GeV ~-ray emitters, and all-sky
monitoring of about 100 MSPs with the Fermi Large Area Telescope (LAT) has enabled a «-ray Pulsar
Timing Array. The GPTA provides a complementary view of nHz GWs because its MSP sample
is different, and because the v-ray data are immune to plasma propagation effects, have minimal
data gaps, and rely on homogeneous instrumentation. To assess GPTA performance for future y-ray
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MeV-GeV Polarimetry with v — e*e™: Asserting the
Performance of Silicon Strip Detectors-Based Telescopes

D. Bernard
LLR, Ecole Polytechnique, CNRS/IN2P3, 91128 Palaiseau, France

September 5, 2022

Abstract

The polarimetry of gamma rays converting to an e*e~ pair would open a new window
on the high-energy gamma-ray sky by, among other things, providing insight into the radia-
tion mechanism in pulsars (curvature or synchrotron) or deciphering the composition of the
gamma-ray emitting jets in blazars (leptonic or lepto-hadronic).
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Next Steps



Next steps:
e Complete ASTRA input for GR SIG (May)
e Compile draft report (June)
o Summarize mission concepts, organized according to readiness.
o ldentify approaches that address high priority astrophysics science
o Identify development needs
e FLAG meeting AAS 248 (Pasadena), 6/15, from 10 — 11:30 AM PDT
e FLAG can be highlighted as part of the Fermi Gamma-ray Astrophysics AAS
Special Session on Monday, June 15, from 2 — 3:30 PM PDT



