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1. Introduction

Measurement of ultra-heavy Galactic cosmic rays (UHGCR), 30Zn and higher charge elements,
with individual element resolution is challenging. Figure 1 shows the relative abundances of
elements from 1H to 40Zr for Galactic cosmic rays (GCR) with energies of 2 GeV/nucleon compared
with the Solar System (SS) abundances normalized to 14Si. These two samples of interstellar matter
(ISM) are broadly consistent, with the much younger few million year old GCR filling in many of
the valleys seen in the older ∼4.6 billion year old SS, largely from GCR spallation between the
source and detection. In the GCR we see that 26Fe is∼5×103 times less abundant than 1H, and that
the UHGCR are ∼105 times less abundant than 26Fe. The abundances continue to fall above 40Zr.

The Trans-Iron Galactic Element Recorder for the International Space Station (TIGERISS) is
designed to measure the GCR from 5B to 82Pb with single-element resoluion to probe the GCR
source (GCRS) and the mechanism that injects material into the GCR accelerator. TIGERISS
improves upon the preceding TIGER and SuperTIGER instruments by replacing the scintillating
fiber hodoscopes and scintillators with silicon strip detectors (SSD), which provide improved charge
resolution and allow for both reductions in the material in beam and instrument profile. Event
statistics are estimated for TIGERISS based on the method originally derived for and validated with
CALET [1] using energy spectra models for the GCR, accounting for geomagnetic screening on the
International Space Station (ISS), detector thresholds, and interaction losses in the instrument.

Figure 1: Solar System (SS) [2] and Galactic cosmic-ray (GCR) relative abundances at 2 GeV/nuc. GCR
data is sourced for 1≤Z≤2 from [3], Z=3 from [4], 4≤Z≤28 from [5], Z=29 from [6], and 28≤Z≤40 from
[7] and normalized to 14Si.
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2. TIGERISS Instrument Models

TIGERISS has not yet been assigned accommodation on the ISS, so we have developed models
for attachment to the Japanese Experiment Module “Kibo” Exposed Facility (JEM-EF), European
Space Agency Columbus Laboratory external payload and ExPRESS Logistics Carrier (ELC).
A technical model of the JEM-EF configuration shown in Fig. 2a is the baseline for the model
calculations presented in this paper. Figure 2b shows this instrument model mounted in a JEM-EF
pallet, where detector dimensions are compatible with the ISS-CREAMJEM-EFmounting location.
There is ample space for thermal, power and electronics systems below the detector stack.

Figure 2(a): Technicalmodel of TIGERISS detector stackwith top
and bottom crossed SSD layers between aerogel (C0) and acrylic
(C1) Cherenkov detectors.

Figure 2(b): TIGERISS instrument model shown
mounted in the JEM-EF pallet.

Detailed technical models have not been developed for any of the instrument configurations,
so SuperTIGER has been used to scale TIGERISS detector dimensions for the different ISS accom-
modation models and estimate the instrument materials while accounting for the SSD replacement
of scintillator based detectors. SSD arrays at the top and bottom of the instrument measure particle
trajectories and ionization energy deposits (3�/3G). Two Cherenkov detectors measure nuclear
charge (/) and velocity (V): C1 with an acrylic radiator (optical index of refraction = = 1.49, V >
0.67, KE ≥ 325 MeV/nucleon) and C0 with a silica aerogel radiator (= = 1.04, V > 0.96, KE ≥ 2.25
GeV/nucleon).

ISS attachment length width height area geometry factor
JEM-EF 1.67 m 0.67 m 0.40 m 1.12 m2 1.66 m2 sr
ELC 1.05 m 0.75 m 0.40 m 0.79 m2 1.10 m2 sr
Columbus 0.98 m 0.75 m 0.35 m 0.74 m2 1.10 m2 sr
Columbus 0.98 m 0.75 m 0.32 m 0.74 m2 1.15 m2 sr

Table 1: TIGERISS instrument dimensions and geometry factors.

Geometry factors have been calculated for simple models for all three ISS accommodation
options, with details shown in Table 1. Integrated geometry factors from these models are given in
Fig. 3a for the JEM-EF, Fig. 3b for the ELC, and Fig. 3c for the Columbus Laboratory TIGERISS
configurations, showing that most of the acceptance is within ∼60◦. Table 1 gives Columbus
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TIGERISS models with different heights, demonstrating that the shorter 0.32 m tall model shown
in Fig. 3c has a slightly larger geometry factor than the taller 0.35 m tall model.

Figure 3(a): JEM-EF configuration:
167.0 cm(L) 67.0 cm(W) 40.0 cm(T)
∼1.66 m2 sr.

Figure 3(b): ExPRESS Logistics Car-
rier (ELC) configuration: 105.0 cm(L)
75.0 cm(W) 40.0 cm(T) ∼1.10 m2 sr.

Figure 3(c): ESA Columbus Lab-
oratory external payload configura-
tion: 97.79 cm(L) 74.93 cm(W) 35.08
cm(T) ∼1.16 m2 sr.

3. Modelling Geomagnetic Screening

Geomagnetic screening is based on both the strength of the field and the relative orientation
of the charged GCR nuclei to it. GCR normally incident at the geomagnetic poles travel along
the field lines without resistance while those incident at the equator are most strongly screened.
The vertical screening scales with the geomagnetic latitude, and Fig. 4a shows the corresponding
vertical cutoff rigidities sampled by the ISS 51.6◦ orbit at ∼400 km, ranging from ∼1 to ∼15 GV.
The screening threshold strength as a function of GCR trajectory, plotted in Fig. 4b relative to the
East-West inclination angle (W) and geomagnetic latitude (_), is derived from Equation 1, where A
is the distance from Earth’s center and �( is the Störmer constant derived from the magnetic dipole
moment.

% ≥ 1
A2�(

(
1 −

√
1 − cos W cos3 _

cos W cos_

)2

(1)

Figure 4(a): Geomagnetic vertical cutoff rigidities sampled by the ISS
51.6◦ inclination orbit at ∼400 km. Figure 4(b): Critical momentum to penetrate

the geomagnetic field as a function of geomag-
netic latitude (_) and East-West angle (W).
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4. East-West Differential Geometry Factors

The instrument acceptance for GCR isotropically incident at Earth depends on both instrument
geometry and the trajectory dependent geomagnetic screening, and the orientation of the instrument
within the geomagnetic field is important. For this analysis we have averaged the expected statistics
from cases where the principal axis of the JEM-EF instrument model is aligned with the direction of
the geomagnetic field and perpendicular to it, Fig. 5 left and right, respectively. These differential
geometry factors are functions of both the incidence (\) and East-West (W) angles, mapped in 1◦

resolution bins.

Figure 5: The TIGERISS JEM-EF instrument differential geometry factors as a function of incidence (\)
and East-West angles (W) for East-West angle aligned with the instrument major (left) and minor (right) axes.

5. Predicting Abundances

The orbital residence times at the different vertical cutoff rigidities shown in Fig. 4a are
calculated based on the ISS time at the corresponding geographic latitudes and longitudes to find
the weighted vertical cutoff rigidities shown in Fig. 6a. Minimum energy thresholds as a function of
East-West angle are derived from the trajectory dependent critical momentum (Eq. 1). The higher
of the rigidity minimum energy or detector (∼350 Mev/nuc) threshold is used to estimate statistics.

5.1 Estimating GCR Spectra

The spectra of elements above 28Ni have not been measured in the GCR, so these have to be
estimated based on measured or assumed relative abundances. The UHGCR are mostly primary in
composition, so their spectra are derived by scaling the 26Fe spectrum with relative abundances:
HEAO-3-C2 for / ≤ 26 [5], TIGER for 26 ≤ / ≤ 40 [6], and HEAO-3-HNE for / > 40 [8].
TIGERISS is expected to see intermediate to maximum Solar modulation during its mission, so
integral spectra derived from differential spectra in [9] for Solar minimum and maximum are used,
as well as averaged spectra.
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Figure 6(a): The fraction of the ISS orbit spent at each
vertical cutoff rigidity.

Figure 6(b): Solar maximum and minimum 26Fe differ-
ential energy spectra that are integrated and scaled using
relative abundances of heavier elements.

5.2 Estimating Statistics

The abundances that TIGERISS will see for each element are estimated utilizing their integral
spectra to find the events expected at each 1◦ geomagnetic latitude (_) step as a function of each
1◦ East-West angle (W) step. At each W the integral spectra of each element are evaluated with the
greater of the the 325MeV/nucleon acrylic Cherenkov threshold or the kinetic energy corresponding
to the critical momentum: �2A8C =

√
?2
2A8C
/�2 − <0<D − <0<D , where � is the atomic mass, ?2A8C

detector chemical thickness density areal density
material formula (cm) (g/cm3) (g/cm2)
aluminum Al 0.168 2.700 0.454
silicon Si 0.400 2.329 0.932
PET C10H8O4 0.090 1.135 0.102
PMI C8H11O2N 8.732 0.032 0.279
PMMA C5H8O2 1.270 1.180 1.499
Kapton C22H10N2O5 0.0127 1.420 0.0180
silica SiO2 2.000 0.205 0.410
PE C2H4 0.006 0.919 0.00552
PU C25H42N2O6 0.635 0.080 0.0508
PTFE C2F4 0.100 0.600 0.060

Table 2: TIGERISS instrument model materials: polystyrene (PS), aluminum (Al), silicon (Si), polyethylene
terephthalate (PET) - Mylar, polymethacrylimide (PMI), polymethyl methacrylate (PMMA) - acrylic, Kapton
(polyimide film), polyethylene (PE), polyurethane (PU), polytetrafluoroethylene (PTFE)
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is the critical momentum, and <0<D is the atomic mass unit mass. These fluxes are multiplied by
the differential geometry factors shown in Fig. 5 that are a function of W and zenith angle, \, and
are then averaged. The fluxes for each element are then reduced by the fraction of events that would
interact in the active area of the instrument. This is done using total charge changing cross sections
given by fC>C (%,)) = c['% + ') − (3.20±0.05)]2, where % and ) refer to the projectile and target
nuclei, and '% and ') are their respective nuclear radii [10] for the material areal densities listed in
Table 2. Finally, the numbers of each element expected are found by multiplying the non-interacting
fluxes by the total observation time of one year and the orbit fraction shown in Fig. 6a.

6. Results and Discussion

The elemental abundances predicted for the TIGERISS JEM-EF instrument after one year of
operation on the ISS at average and maximum Solar activity are compared to those measured by
SuperTIGER during its 55 day long-duration-balloon flight [11, 12] in Fig. 7. The TIGERISS
statistics are not strongly dependent on the level of Solar modulation because the geomagnetic
screening in the ISS orbit limits the lower energy nuclei most strongly affected by modulation.
The one year TIGERISS results are comparable to those of SuperTIGER and would be free of the
systematic effects from the corrections needed to account for atmospheric nuclear interactions and
energy losses. The UHGCR statistics from one year would be about half of what HEAO-3-HNE
observed, but with single-element resolution through 82Pb would have significant exploratory value.

Figure 7: Predicted abundances measured by TIGERISS after 1 year of operation compared to those
measured by SuperTIGER over its 55 day long-duration-balloon flight [11, 12]

There are a number of improvements we plan to make to these predictions in the near future.
First, we will develop improved instrument models for each of the three ISS attachment points with
the largest detector geometries possible accounting for structural requirements. These models will
also include the specific materials and thicknesses that would be used for an instrument on the
ISS. The interaction corrections will be expanded to include corrections to element fluxes based
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on the inactive material at the top of the instrument, accounting for both gains and losses to each
element. An energy loss calculation will be implemented to allow us to more accurately model the
incidence-angle dependent minimum detector threshold for nuclei to register in the bottom SSD
layer rather than the more conservative acrylic Cherenkov threshold currently used. Finally, we
will implement differential geometry factors for each orientation of the detector with respect to the
East-West angle weighted appropriately for orbit fractions.
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