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How do cosmic accelerators work-
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Mission Goal

Extend the energy reach of direct
measurements of cosmic rays to the highest
energy possible to investigate cosmic ray
origins, acceleration and propagation.

Eun-Suk Seo




[image: image1.png]Flux (m? sr s GeV)™

T O O
- N b

o

© |
N

|
~

o

—10
10

=13
10

—-16
10

-19
10

=22
10

—25
10

—28
10

Fluxes of Cosmic Rays

<« (1 porticle per m?—second)

O, Knee
1 particle per m*~year
(1p p y

ACCESS

<
N

I
(o]
(o)}
~

10°10"%0"™0"%10"%10™10"10"% 0" 108 0% 0%% 0?

Energy (eV)







m Advanced

——

« Seo presents "A Proposal to
Measure Cosmic Ray
Composition and Energy Spectra
at the Knee" at the Korean
Physical Society meeting,
Kyungjoo, Korea, Oct. 21, 1994.

"The Advanced Thin lonization
Calorimeter (ATIC) Experiment:
Expected Performance," E. S.
Seo, ....S. K. Kim, ...C. S. Park,
Proc. SPIE Int. Symp. on Opt.
Sci. Eng. Instrum., 2806, 134-
144, 1996.
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ATIC discovers mysterious excess of high energy electrons
Chang et al., Nature, 456, 362-365 (2008)
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US—Korea Collaboration & ISS Ultilization

——

 NASA-Korea Investigators Consultative Group (ICG) 1997 - 2002
« ACCESS Investigators Working Group (IWG) 1998 - 2001

AW ‘The ISS as an Observatory for Cosmic-Ray Physics and Astrophysics”
Ep W. Vernon Jones, STAIF-99
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 Transition Radiation Detector (TRD) and
Tungsten Scintillating Fiber Calorimeter
- In-flight cross-calibration of energy scales
« Complementary Charge Measurements
- Timing-Based Charge Detector
- Cherenkov Counter
. P|xelated Slllcon Chare Detector

Cosmic Messengers
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— Seo et al. Adv. in Seace Res., 33 510), 1777i 2004

The CREAM instrument had seven

successful Long Duration Balloon (LDB)

flights over Antarctica and accumulated

191 days of data.

— This longest known exposure for a
single balloon project verifies the
instrument design and reliability.
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. Typical duration: ~1 month/flight

Eun-Suk Seo
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Cosmic Ray Energetics And Mass
Seo et al. Adv. in Space Res., 33 (10), 1777, 2004

The CREAM
instrument had
seven successful
Long Duration
Balloon (LDB)
flights over
Antarctica and
accumulated 191
days of data.

This longest known
exposure for a
single balloon
project verifies the
instrument design
and reliability.



Discrepant hardening

Yoon et al. ApJ 728, 122, 2011; Ahn et al. ApJ 714, L89, 2010
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It provides important constraints on cosmic
ray acceleration and propagation models,
and it must be accounted for in explanations

of the e*e-anomaly and cosmic ray “knee.”
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CREAM data to explain the knee and beyond

T. K. Gaisser, T. Stanev and S. Tilav, Front. Phys. 8(6), 748, 2013
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ISS-CREAM: CREAM for the ISS

SpaceX-12 Launch on 8/14/2017

e —
Aiming high

From the International Space Station (ISS), the Cosmic Ray Energetics
and Mass (CREAM) instrument will trace the energy at which cosmic
rays become very rare, revealing the limits of the supernova shock waves
thought to accelerate them.

ASTROPHYSICS

ISS-CREAM

Cosmic ray catcher will probe
supernovae from new perch

Balloon-borne detector moves to space to trap rare,
high-energy particles that carry clues to their origin

By Eric Hand

fter 191 days aboard balloons sail-
ing the stratosphere, an experiment
designed to probe the galaxy’s natu-
ral particle accelerators will move
to higher ground: the International
Space Station (ISS). The Cosmic Ray
Energetics and Mass (CREAM) instrument
and its successors ﬂé&ted bove Antarctica

seven times tgy@l’ tullfi %Qergy cosmic

(»]
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that a few smash into Earth with extra-
ordinarily high energies—higher than to-
day’s most powerful atom smashers can
generate. Their abundance drops sharply
with increasing energy, following what’s
known as a power law distribution. In
1949, Italian-American physicist Enrico
Fermi came up with a mechanism that
could explain that and the cosmic rays’
mind-boggling energies: supernova shock
waves. In the centuries after a supernova,

2102 ‘I 1 3snBny uo /Bio°Bewaouaios aoualns//dpy Wolp pepeojumoq
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1ISS-CREAM Proton Spectrum (2.5 — 655 TeV)

G. H. Choi & E. S. Seo et al. (ISS-CREAM Collaboration) ApJ 940/107, 2022
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A broken power law fit to 2.5 —
164 TeV data: y=2.57 = 0.03
and a break at 9.0 = 1.3 TeV
with Ay = 0.25 = 0.05.

At higher energies, the
softening does not continue.

The deviation from a single power
law near 10 TeV is consistent with
the softening reported by CREAM-
| &llI, DAMPE, NUCLEON, and
CALET, but ISS-CREAM extends
measurements to higher energies
than those prior measurements.
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Recent experiments fill the data gap
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