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How do cosmic accelerators work?

BESS

ATIC

ground based Indirect 
measurements

CREAM

AMS
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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.

Ankle

Knee

Emax_z = Z x Emax_p,
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• 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 Ionization 
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 Advanced Thin Ionization Calorimeter
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Beam test: electrons

~2% energy 
resolution

Flight data



Cited > 200 times in ~ 9 mo

620 GeV Kaluza-Klein particle
boosting factor 230

  ATIC 1+2,   AMS,   HEAT   BETS,    PPB-
BETS,    Emulsion chambers

ATIC discovers mysterious excess of high energy  electrons
Chang et al., Nature, 456, 362-365 (2008)
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• NASA-Korea Investigators Consultative Group (ICG) 1997 - 2002

• ACCESS Investigators Working Group (IWG) 1998 - 2001 

US–Korea Collaboration & ISS Utilization
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Seo et al. Adv. in Space Res., 33 (10), 1777, 2004

• 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
- Pixelated Silicon Charge Detector

•  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. 

CREAM Cosmic Ray Energetics And Mass
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• 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. 

Seo’s lab at UMD

Seo’s lab at UMD
Instruments are fully recovered, refurbished & reflown. 

Typical duration: ~1 month/flight
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Seo et al. Adv. in Space Res., 33 (10), 1777, 2004
CREAM Cosmic Ray Energetics And Mass

Antarctica



Eun-Suk Seo

γ < 200 GeV/n = 2.77 ± 0.03
γ > 200 GeV/n = 2.56 ± 0.04

CREAM C-Fe

He

γCREAM = 2.58 ± 0.02

γAMS-01 = 2.74 ± 0.01

9

(Ahn et al., ApJ 714, L89, 2010)

Yoon et al. ApJ 728, 122, 2011; Ahn et al. ApJ 714, L89, 2010

CREAM-I
γP = 2.66 ± 0.02
γHe = 2.58 ± 0.02

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.” 

Discrepant hardening 

Cosmic Messengers

PAMELA (Adriani et al., Science 332, 69, 2011)
AMS-02 (Aguilar et al., PRL 114, 171103 & 
115, 211101, 2015)
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T. K. Gaisser, T. Stanev and S. Tilav, Front. Phys. 8(6), 748, 2013

CREAM data to explain the knee and beyond

Acceleration limit: Emax_z =  Z x Emax_p,



ISS-CREAM: CREAM for the ISS
SpaceX-12 Launch on 8/14/2017

Cosmic Messengers Eun-Suk Seo 11






G. H. Choi & E. S. Seo et al. (ISS-CREAM Collaboration) ApJ 940/107, 2022 
ISS-CREAM Proton Spectrum (2.5 – 655 TeV)
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• A broken power law fit to 2.5 – 
164 TeV data: γ = 2.57 ± 0.03 
and a break at  9.0 ± 1.3 TeV 
with ∆γ = 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-
I &III, DAMPE, NUCLEON, and 
CALET,  but ISS-CREAM extends 
measurements to higher energies 
than those prior measurements. 

Proton knee Proton ankle?



 

Recent experiments fill the data gap
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S. Liu et al., Ch. Phys. 46/3 (2022) 030004 

J. Cronin, T.K. Gaisser, and S.P. 
Swordy, Sci.Amer. 276 (1997) 44.
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AMS-02
5/16/11

CALET
8/19/15

ISS-CREAM
8/14/17

DAMPE
12/17/15

NUCLEON
12/26/14

Happy Retirement!
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