
P
o
S
(
I
C
R
C
2
0
2
3
)
1
0
7

Study of elemental flux ratios with the ISS-CREAM
instrument

Yu Chen,𝑎,∗ Stephane Coutu,𝑎 Jason T. Link,𝑏 John W. Mitchell,𝑐 S. A. Isaac
Mognet,𝑎 Scott L. Nutter,𝑑 Kenichi Sakai,𝑐,𝑒 Jacob Smith 𝑓 and Monong Yu𝑔

𝑎The Pennsylvania State University, Department of Physics, University Park, PA 16802, USA
𝑏Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO 80303 USA
𝑐NASA Goddard Space Flight Center, Astroparticle Physics Laboratory, Greenbelt, MD 20771, USA
𝑑Northern Kentucky University, Department of Physics, Geology, and Engineering Technology, Highland
Heights, KY 41099 USA

𝑒Center for Research and Exploration in Space Science and Technology (CRESST), UMBC, Baltimore
MD, 21250, USA

𝑓 George Mason University, resident at U.S. Naval Research Laboratory, Washington, DC 20375, USA
𝑔Institut de Física d’Altes Energies (IFAE), 08193 Bellaterra, Barcelona, Spain

E-mail: yuc357@psu.edu

The origin and propagation of cosmic rays remain open questions in the field of cosmic rays. One
way to explore these questions is to study the flux ratios of different elements, including secondary-
to-primary ratios. The Cosmic Ray Energetics And Mass instrument on the International Space
Station (ISS-CREAM) was built to measure the cosmic-ray elements from protons to iron nuclei
with energies up to the cosmic-ray knee. We present the flux ratios of various elements with data
collected during ISS-CREAM on-orbit operations, including the boron-to-carbon ratio.
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1. Introduction

Measurement of elemental fluxes and their ratios is important to uncovering the origin of
cosmic rays (CRs). Results from recent experiments have disclosed unexpected features of CR
fluxes in greater details than ever before, which have challenged conventional understanding of
CRs. For example, it has been shown that the spectra of many elements have a hardening feature
around a few hundred GeV/n [1–5]. Although a full explanation is still needed, this structure seems
to be associated with the propagation process, which is manifested in the hardening features on the
secondary-to-primary ratios [6]. Additionally, it was proposed that primary elements may not share
the same origin, especially for protons and He [7], which had been indicated by measurements of
their fluxes as well as proton-to-He ratios [8, 9].

The ISS-CREAM instrument is designed to conduct precise measurements of CR fluxes from
proton to Fe nuclei in the energy range starting from a few TeV up to the knee and to explore
possible features of elemental spectra. In this work, we report on recent progress with the study of
elemental flux ratios with the ISS-CREAM data.

2. The ISS-CREAM instrument

2.1 Instrument overview

An expanded view of the ISS-CREAM instrument is shown in Fig. 1. The Silicon Charge
Detector (SCD) [10] is a 4-layer detector for charge measurements. The calorimeter (CAL) measures
the particle energy through sampling the particle shower - initiated in the C-targets - with its 20
layers of scintillating-fiber ribbons. In addition, the CAL provides a high-energy trigger. The
Top and Bottom Counting Detectors (T/BCD) [11] provide a low-energy trigger and the ability to
distinguish electrons from protons. The Boronated Scintillator Detector (BSD) [12] measures the
tail end of the CAL shower to offer an additional means of identification of electrons and provides
an alternative shower energy estimate.

2.2 ISS-CREAM on-orbit operation

The ISS-CREAM instrument was launched on a Falcon rocket from Space-X and deployed
on the Japanese Experiment Module - Exposed Facility (JEM-EF) of the ISS on August 22, 2017
and collected data until February 12, 2019. During its operation, it suffered from various types
of issues. It was found that only 0.1% of data collected by ISS-CREAM had enough response
in the CAL for energy reconstruction, which could be associated with trigger noise, high level of
CAL threshold or a combination of both. An alternative on-orbit energy calibration method was
proposed to address the possible energy-scale problem with the CAL [13]. In terms of the SCD for
charge measurements, its 4𝑡ℎ layer was offline most of the time, 3 quadrants of the 3𝑟𝑑 layer were
on for less than half of the time and 1 quadrant of the 2𝑛𝑑 layer was off for about 25% of the time,
which makes only the top two layers useful for charge reconstruction.

2



P
o
S
(
I
C
R
C
2
0
2
3
)
1
0
7

ISS-CREAM elemental flux ratios Yu Chen

Fig. 1: Expanded view of the ISS-CREAM instrument.

3. Data analysis

3.1 Event selection

Several data selection methods have been used to reduce noise events to a minimal level while
still trying to maintain as many low-energy events as possible. A low-energy trigger based on the
T/BCD is used in the first step. It is then required that at least 6 consecutive layers in the CAL should
each have a minimum of 50 MeV of deposited energy, which is used as a means of a software trigger
in place of the CAL trigger which was found to be unreliable or having too high of a threshold.
Additionally, a cut based on machine-learning identification of noise patterns [14] is used to remove
events that appear have high-energy deposits but do not look like tracks or showers.

Due to possible efficiency issues with the CAL, a pure CAL-based tracking is not functional
for lower-energy events. Therefore, a tracking method that combines information from the TCD,
2 layers of the SCD and the CAL is adopted. A so-called ‘seed method’ searches for the highest
activities on the TCD where the top few pixels with the highest signals are considered as possible
seeds and the seed with the highest signal sum including its neighboring pixels gets selected as
the hit. This helps discriminate an isolated pixel that outshines all other channels due to noise or
an extraneous off-track particle depositing all its energy in this pixel. The hits in the TCD and
the top 2 layers of the SCD are used to define a raw track before signals of the CAL around the
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track are used to further improve the directional reconstruction. Fig. 2 shows the performance of
the multi-layer tracking method compared to one type of CAL-based tracking method in terms of
tracking efficiency in the top two layers of the SCD. The efficiencies are calculated with simulated
events that consist of all elements (from p to Fe nuclei) of cosmic rays with a power-law energy
distribution. Additionally, for the best tracking results, the final selected events are required to have
reconstructed tracks going through all layers of the CAL and the SCD and the intersection of the
track with the TCD and the BCD should agree with their signal-weighted center as well.
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Fig. 2: Performance of the multi-layer tracking method compared to one type of CAL-based tracking method
in terms of tracking efficiencies in the top layer (left) and the second layer (right) of the SCD. The tracking
efficiency is defined as the frequency when the correct charge pixel appears within the circumference of a
circle of confusion (COF) centered on the extrapolated point of the tracking method on a given layer of the
SCD.

Lastly, a charge consistency cut is applied which requires that the charge measurements from
the first 2 layers of the SCD should both be non-zero and agree within 1 charge unit. The charge
of the particle in an event is taken as the mean of the two charge measurements. This requirement
further reduces possible noise events due to noise pixels on the SCD and improves the charge
resolution. On the other hand, the requirement of two layers effectively reduces the sensitive area
of the instrument to 3/4 since 1/4 of layer 2 of the SCD is dead most of the time.

3.2 Background estimate

The selected events are used to fill a charge histogram that covers the range from p to Fe. A
multi-charge-peak fit is then attempted where p and He are assumed to have Landau distributions
and other elements considered (B, C, O, Fe etc.) are assumed to follow Gaussian distributions. Fig.
3 shows one example of such fits. For a given element of interest with a nominal charge 𝑍0, suppose
function 𝑓1(𝑍) describes its charge distribution as a function of a measured charge 𝑍 , and 𝑓2(𝑍)
describes the sum of charge distributions of all other elements (𝑍 ≠ 𝑍0), the true number of count
of this element is defined as

𝑁 ×

∫ 𝑍0+5
max(0,𝑍0−5) 𝑓1d𝑍∫ 𝑍0+0.5

max(0,𝑍0−0.5) ( 𝑓1 + 𝑓2)d𝑍
(1)

where 𝑁 is the count of that element in a normal search window (𝑍0 − 0.5, 𝑍0 + 0.5). This formula
also tries to account for the possible overflow of the element outside the search window with a
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Fig. 3: Charge distribution with ISS-CREAM data used for background estimate. The p and He populations
are not well disambiguated in this study and are not used here directly.

bigger integration interval of (𝑍0 − 5, 𝑍0 + 5) which is sufficient since one expects the usual charge
width of ∼ 0.2 charge units. On the other hand

1 −

∫ 𝑍0+5
max(0,𝑍0−5) 𝑓1d𝑍∫ 𝑍0+0.5

max(0,𝑍0−0.5) ( 𝑓1 + 𝑓2)d𝑍
(2)

characterizes the amount of background contamination for a specific element.
As the spectra of secondary species fall faster than the primary with energy, one expects the

background contamination to be larger with higher energy for elements like B. Therefore, it is ideal
to conduct the background estimate in a similar manner for different energies, as will be illustrated
in more details in the next section.
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Fig. 4: Boron-to-carbon ratio with the ISS-CREAM data. The reference points are collected from [15–19].
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Fig. 5: Carbon-to-oxygen ratio with the ISS-CREAM data. The reference points are collected from [19, 20].

3.3 Results

A simple linear conversion method in energy reconstruction is adopted using Geant4 simulation
of the ISS-CREAM instrument that maps out the relation of d𝐸/d𝑥 in the CAL with the true kinetic
energy of the particles. The reconstructed energy is further divided into 4 energy bins in kinetic
energy per nucleon. On the other hand, the background estimate is performed in the bins of
kinetic energy (by converting these bins into total kinetic energy using carbon’s mass number as
an approximation). This is because contamination comes from other elements with roughly the
same kinetic energy regardless of their true charge and mass number. In addition, it’s worth noting
that the current background estimate is not perfect with a few caveats limited by the ISS-CREAM
data: 1. The highest energy bin has limited statistics therefore the same background estimate
determined when combing data events from the highest two bins is applied to the highest two bins
separately in determining the ratios. 2. The true energy threshold of the instrument is unknown and
a conservative lower bound is picked for the lowest bin, which also results in uncertainties in its
background estimate. Currently, the background for this bin is estimated with a charge histogram
that is filled with all events that pass the selection cuts with just a higher-energy bound of this bin
but without a lower-energy requirement.

The count of each element for each energy bin is corrected with the background and the
elemental ratios are calculated by dividing the background-corrected count of one element by the
other. This procedure assumes equal selection efficiency for the elements of interest. The B-to-C
ratio and C-to-O ratio with ISS-CREAM data in this study are shown in Figs. 4 and 5, respectively.
The error bars are statistical only while assuming the background estimate is precise and causes no
additional uncertainties. Further investigation into possible systematic uncertainties is underway.
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