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Washington University in Saint Louis, Goddard Space Flight Center and California Institute of Technology

*‘Following on its record setting 55-day flight in 2012-2013, SuperTIGER flew again for 32 days from McMurdo Slalj-:m_.'
-~ Antarctic: 5, 2019 to January 17, 2020. It determines cosmic-ray charges and energies using a combination: -
i f = ilica-aerogel Cherenkov counters, and trajectory corrections usinga -~

n tall payload carries two adjacent 1.8 m x 3 m x 1.2 m high detector

c cosmic rays and heavy r-process elements by measuring the abun- -~
of nuclei heavier than iron.
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* Economical access to near space for large payloads up to ~6,000 Ibs, possible reflight.
e Student involvement spanning entire project life and include many project roles.
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TIGERISS — IS5 Pioneers Mission
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The overall TIGERISS mission
goal is to increase our
understanding of how the
Galaxy produces and distributes
the elements. These goals come
from the NASA decadal survey’s
guestions:

« Where is main site of r-
process nucleosynthesis?

« How the “injection of
energy, momentum, and ooy
metals from stars” circulates

.. matter?
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Ultra-Heavy Galactic Cosmic Rays (UHGCRs)
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Previous Ultra-Heavy Cosmic Ray Results

Galactic Cosmic Ray Measurements
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Calormetric Electron Telescope (CALET)

Yosui Akaike: A Decade of CALET
Observations: Cosmic-Ray Results

Wolfgang Zober
Detected Abundances of Nuclei
Relative to ,.Fe for Elements ,,Si
through ,,Ru with CALET on the

from the ISS
04/11/2025 14:45 Room 2.1+2.2,
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International Space Station
2025Ap)...988..148A
DOI 10.3847/1538-4357/ade3cc
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Record 55-day flight

~8 times the UHGCR data
collected with the two
TIGER flights

Best measurement of
30<Z<56

- Nathan Elliot Walsh, erTIGER
Elemental Abundances for the Charge
Range 41<7<56, PhD thesis, Washington

‘ ln‘ “ University in St. Louis, 2020.
i
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OB Association Source Model Good 7<40

Current OB association Galactic cosmic ray source (GCRS) model predictions:

* GCRS =~80% ISM + ~20% MSM

* interstellar medium ﬁISM) is similar in composition to Solar System (SS) material

e massive star material (MSM) includes stellar wind outflow and supernova (SN) ejecta
Refractory elements more likely in dust grains than volatiles preferentially injected into the accelerator

Z%/3 injection dependence from grain sputtering cross sections seen for both refractories and volatiles

10° . ST Walsh Refractory : ! ! )
ST Walsh Volatile SRR RE TR R AT PR e Ftasind] ]

o ST Murphy Refractory

o ST Murphy Volatile

a HEAO3/TIGER Refractary : :

a HEAOZI/TIGER Volatile { | i i =

N44 Superbubble in LMC
Credit: Gemini Observatory, AURA, NSF

- Nathan Elliot Walsh, SuperTIGER
Elemental Abundances for the Charge
Range 41<7<56, PhD thesis, Washington | | |
University in St. Louis, 2020. 20 30 40 50 80

Atomic Number Z
- Rauch et al. 2009
- Murphy et al. 2016 TeVPA - GCRs with TIGERs - November 4, 2025 16
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Apparent Model Breakdown for Z>40

SuperTIGER Z>40 abundances elevated over refractory line: Model is missing something

 Change in acceleration mechanism?
 New source component, e.g., neutron star mergers? (Observed in ejecta from GW170817)
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Apparent Model Breakdown for Z>40
Even Elements Only

* Odd elements likely overestimated due to contamination from even-element peak
spill over
* Elevated volatile elements largely r-process
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How and where are the heaviest elements created? s ca

*Absolute and relative abundances of r- & s-process
elements probe NSM physics and contributions to GCRs —

part of a multi-messenger approach

*SuperTIGER measured part of the transition region
between SN and NSM production at Z~40 (A~90)

*Nathan’s dissertation results paved the way for TIGERISS,
which will reach ,5Pt-5,Pb region with single element
resolution and further constrain NSM production models

Mass fraction

10°
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t t

Supernova (SN) production relative to solar composition
Woosley & Heger (2007) PhR 442:269W

Neutron star merger (NSM) production model
compared to solar composition (open circles)
Just et al. (2015) MNRAS 448:541J
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ST-2.3 Recovery
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TIGERISS Columbus SOX Instrument
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TIGER Measurement Methods

35 | | Silicon strip detector (SSD) for precision charge
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TIGERISS Predicted Observations

TIGERISS SOX model for 9x9 SSD configuration — descope from 10x9 configuration
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TIGERISS — Summary

* TIGERISS will make revolutionary measurements that will transform our
understanding of galactic nucleosynthesis.

* Key to answer are measurements of abundances of Ultra-Heavy Galactic Cosmic Rays:
UHGCRs: Z > 28 (above Nickel)

* Astro2020 Decadal Survey Questions:

- “Are neutron star mergers the main site of r-process nucleosynthesis, or are there

supernovae and other core collapse events that contribute significantly to the r-
process budget of the universe?”

- scientists “may be able to use heavy cosmic-ray abundance measurements in the
Milky Way to constrain sites of r-process nucleosynthesis.”

* TIGERISS will accomplish this by measuring the elemental composition from °B
through 32Pb.
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