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SUMMARY

The proposed Origin of the Isotopes Science Analysis Group (Isotopes SAG) will explore the
scientific potential of a next-generation mission optimized for sensitivity to point sources. Such a
mission could prioritize detection sensitivity with spectral resolution, potentially at the expense of
field of view or imaging performance, in order to enable transformative studies of nuclear
processes in explosive transients and compact objects.

Physics of the Cosmos seeks to understand the fundamental workings of the universe.
In Pathways to Discovery in Astronomy and Astrophysics for the 2020s, progress in this area is
framed within the themes of New Messengers and New Physics and the priority area New
Windows on the Dynamic Universe. The convergence of multiple observational diagnostics now
provides unprecedented opportunities to test the laws of physics and to trace the origin and
evolution of matter in the universe, from the production of the elements to the expansion history
of cosmic space-time. These advances have been enabled by the addition of gravitational
waves, neutrinos, high-cadence time-domain electromagnetic surveys, and multiwavelength
polarization observations to the traditional toolkit of photometric and spectroscopic observations.
Together, these new messengers have already produced transformative discoveries, including
measurements of the speed of gravity and the identification of the first confirmed production site
of heavy elements.

Nuclear gamma rays and positron annihilation radiation are among the most powerful
diagnostics in astrophysics. Whereas atomic lines reveal elemental abundances and plasma
conditions, and molecular lines probe gas dynamics and chemistry, nuclear lines provide direct
measurements tied to specific radioactive isotopes. Further, their known decay lifetimes serve
as intrinsic chronometers. These properties enable studies of nucleosynthesis, explosion
physics, and matter transport that are inaccessible by other means. Observations of radioactive
isotopes uniquely probe the creation, distribution, and annihilation of matter in the universe,
connecting stellar explosions, compact objects, and Galactic ecosystems.

Despite their diagnostic power, nuclear gamma rays are exceptionally challenging to
detect. Past and current measurements have relied on a small number of facilities, including the
Compton Gamma Ray Observatory, the INTErnational Gamma-Ray Astrophysics Laboratory,
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and NASA'’s forthcoming Compton Spectrometer and Imager (COSI) mission. COSI represents
roughly an order-of-magnitude improvement in sensitivity over its predecessors, enabled by
decades of NASA technology investment, and is optimized to produce all-sky maps of
radioactive isotopes and positron annihilation in the Milky Way. We seek to understand what
could be next.

The principal objectives of this science interest group are to:

1. Astrophysical Sources and Discovery Space
Which transient and persistent sources can be studied through nuclear gamma rays and
positron annihilation? What unique insights would such observations provide? Candidate
targets include thermonuclear supernovae, novae, core-collapse supernovae, kilonovae,
rapidly accreting white dwarfs, and other explosive or accretion-powered systems. Are
there additional source classes that would benefit from enhanced sensitivity?

2. Measurement Requirements
What detection sensitivity is required to observe these sources to meaningful distances?
What spectral resolution is needed to measure line profiles and kinematics? What are
the scientific gains as a function of field of view or spatial resolution? What mission or
instrument requirements are driven by these science goals?

3. Mission Concepts and Pathways
What mission architectures or detector technologies could achieve the required
performance? What mission classes (e.g., Probe, MIDEX, or strategic missions) are
necessary to reach these capabilities? How do existing or proposed concepts compare
with the science requirements identified by this group?

MEMBERSHIP

Membership of the SIG is open to all active scientists in relevant disciplines. We’'ll engage the
broad Physics of the Cosmos community for input, particularly the gamma-ray, nuclear, and
time-domain focus areas, as well as key individuals from the gamma-ray hardware and nuclear
science communities.

GOVERNANCE

This SAG will be chaired by Eric Burns, Chris Fryer, and Carolyn Kierans

Responsibilities of the Chairpersons include leading the SAG in achieving its goals by
overseeing organization of SAG meetings, promoting the SAG and its activities in the science
community, and delivering the final report to NASA via a Program Scientist. The Chairpersons
will work directly with the joint Program Offices to facilitate meetings and events as needed for
the group to achieve its objectives.
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MEETINGS

The SAG will have multiple virtual meetings in order to connect with members of the community,
organize tasks, and iterate on report writing. No in person meetings are anticipated.

REPORTING

The SAG will present and report regularly at GR SIG meetings, and other SIG meetings, as
appropriate. The final report of the SAG will be reported to NASA HQ via a Program Scientist.
The SAG will explore and report relevant precursor science gaps and technology gaps to the
PhysPAG. It will further report nuclear gamma-ray science which can be accomplished in probe
or flagship level missions to the FLAG SAG at appropriate timescales. All findings and analyses
submitted to NASA by the SAG will be made publicly available through the Physics of the
Cosmos Program Office website as well as arXiv.

ADMINISTRATIVE PROVISIONS

Logistical and organizational support to the SAG will be provided through the Physics of the
Cosmos Program Office. This support includes such functions as maintaining the SAG page on
the Program Office websites and email notification list, assisting with logistics for SAG meetings
both virtual and in person (e.g., setting up conference connections, arranging for meeting space,
providing funds for travel when available), collecting minutes and presentations from SAG
meetings and posting them on the web site.

DURATION

The SAG will last until the delivery of the SAG report, nominally expected in 2026 in order to
prioritize tech development and inform Decadal planning, if warranted. The SAG may be
terminated at the discretion of the NASA HQ. If the SAG terminates, the SAG Terms of
Reference also terminate, and all appointments to the SAG leadership also terminate.
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