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Seo et al. Adv. in Space Res., 33 (10), 1777, 2004; Ahn et al., NIM A, 579, 1034, 2007

• 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 has had six successful 
Long Duration Balloon (LDB) flights and have 
accumulated 161 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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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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The instrument 
design and 
functionality 
were proven 
with 6 flights 
around 
Antarctica that 
accumulated 161 
days of 
exposure.

Ahn et al. ApJ 714, L89, 2010; E. S. Seo et al., ASR, 42, 1656, 2008
Balloon Flight Heritage 



BESS

ATIC

ground based Indirect 
measurements

How do cosmic accelerators work?

Elemental Charge
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CREAM

AMS

&

Super TiGER

• Relative abundances range over 
11 orders of magnitude

• Detailed composition limited to 
less than ~ 10 GeV/nucleon
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SNR acceleration limit:
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Knee

• The all particle spectrum extends 
several orders of magnitude beyond 
the highest energies thought 
possible for supernova shocks

• And, there is a “knee” (index 
change) above 1015 eV

• Acceleration limit signature:  
Characteristic elemental 
composition change over two 
decades in energy below and 
approaching the knee 

• Direct measurements of individual 
elemental spectra can test the 
supernova acceleration model
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Is the “knee” due to a limit in SNR acceleration?
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Elemental Spectra over 4 decades in energy

Distribution of cosmic-ray charge 
measured with the SCD. The 
individual elements are clearly 
identified with excellent charge 
resolution. The relative abundance in 
this plot has no physical significance
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Yoon et al. ApJ 728, 122, 2011; Ahn et al., ApJ 715, 1400, 2010; Ahn et al.  ApJ 707, 593, 2009   

Excellent charge resolution from SCD
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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
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PAMELA (Adriani et al., Science 332, 69, 2011)

(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.”

AMS-02 (Choutko et al., #1262; Haino et al. 
#1265, ICRC, Rio de Janeiro, 2013)

CREAM spectra harder than prior lower energy measurements



Spectral Hardening Confirmed

CREAM Eun-Suk Seo 8

Aguilar et al., PRL 115, 211101, 2015

Aguilar et al., PRL 114, 171103, 2015

Aguilar et al., PRL 113, 121102, 2014

Accardo et al., PRL 113, 121101, 2014
Aguilar et al., PRL 113, 121102, 2014
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Yuan & Bi, Phys. Lett. B, 727, 1, 2013 & Yuan et al. arXiv:1304.1482, 2013 

Taking into account the spectral hardening of elements 
for the (AMS/PAMELA/ATIC/FERMI) high energy e+ e- enhancement
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T. K. Gaisser, T. Stanev and S. Tilav, Front. Phys. 8(6), 748, 2013

CREAM solves the puzzle with the knee and beyond

Acceleration limit:
Emax_z = Ze x R = Z x Emax_p,where rigidity R = Pc/Ze

S. Tilav’s 
presentation,
TeVPA, Irvine, 
CA , 2013



ISS-CREAM: CREAM for the ISS
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• Building on the success of the balloon flights, the payload has been 
transformed for accommodation on the ISS (NASA’s share of JEM-EF).
− Increase the exposure by an order of magnitude

• ISS-CREAM will measure cosmic ray energy spectra from 1012 to >1015 eV
with individual element precision over the range from protons to iron to:

- Probe cosmic ray origin, acceleration and propagation. 
- Search for spectral features from nearby/young sources, acceleration 

effects, or propagation history.

Mass: 1392 kg 
Power: ~ 550 W
Nominal data rate: 
~350 kbps

To be installed on the ISS by 
SpaceX-12 in 2017JEM-EF #2

E. S. Seo et al, Advances in Space Research, 53/10, 1451, 2014



ISS-CREAM Collaboration

CREAM Eun-Suk Seo 13

aInst. for Phys. Sci. and Tech., University of Maryland, College Park, MD, USA 
bDept. of Physics, University of Maryland, College Park, MD, USA 
cDept. of Physics, Penn State University, University Park, PA, USA 

dDept. of Physics, Sungkyunkwan University, Republic of Korea 
eInstituto de Fisica, Universidad Nacional Autonoma de Mexico, Mexico 

fLaboratoire de Physique Subatomique et de Cosmologie, Grenoble, France 
gDept. of Physics, Kyungpook National University, Republic of Korea 

hAstroparticle Physics Laboratory, NASA Goddard Space Flight Center, USA 
iDept. of Physics and Geology, Northern Kentucky University, USA

* Principal Investigator 

E. S. Seoa,b,*, Y. Amarea, T. Andersonc, D. Angelaszeka,b, N. Anthonya, H. Arnolda, G. H. Choid, M. 
Copleya, S. Coutucc, L. Deromef, C. Ebonguea, L. Eraudf, I. Faddisa, J. H. Hana, I. J. Howleya, H. G. 
Huha, Y. S. Hwangg, H. J. Hyung, S. Imc, H.B. Jeong, J. A. Jeond, I. S. Jeongd, D. Y. Kima, H. J. Kimg, 
K. C. Kima, M. H. Kima, P. Kinga, H. Y. Leed, J. Leed, M. H. Leea, J. Lianga, J. T. Linkh, L. Lutza, A. 
Menchaca-Rochae, J. W. Mitchellh, S. Mortona, M. Nestera, S. Nutteri, O. Ofohaa, H. Parkg, I. H. 
Parkd, J. M. Parkg, N. Picot-Clementea, J. R. Smitha, P. Walpolea, R. P. Weinmanna, J. Wua, B. 
Yona, and Y. S. Yoona,b

Project management and engineering support by NASA GSFC WFF and its contractors



Top/Bottom Counting 
Detector (T/BCD)
• Plastic scintillator 

instrumented with an array 
of 20 x 20 photodiodes for 
e/p separation.

• Independent trigger.

Calorimeter (CAL)
• 20 layers of alternating 

tungsten plates and 
scintillating fibers.

• Determines energy.
• Provides tracking and 

trigger.

Boronated Scintillator
Detector (BSD)
• Additional e/p separation by 

detection of thermal neutrons.

ISS-CREAM Instrument
Seo et al. Adv. in Space Res., 53/10, 1451, 2014; Hwang et al. JINT10 (07), P07018, 2015
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Silicon Charge Detector (SCD)
• Precise charge measurements with charge resolution of  ~ 0.2e.
• 4 layers of  79 cm x 79 cm active area (2.12 cm2 pixels).



CREAM Integration at NASA WFF 
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System Level Verification at NASA GSFC

TVAC test
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ISS-CREAM at NASA KSC, August 2015
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High Impact Publication 
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ISS-CREAM takes the next major step

• The ISS-CREAM space 
mission can take the next 
major step to 1015 eV, and 
beyond, limited only by 
statistics. 

• The 3-year goal, 1-year 
minimum exposure would 
greatly reduce the statistical 
uncertainties and extend 
CREAM measurements to 
energies beyond any reach 
possible with balloon flights. 

CREAM 20

• ISS-CREAM

Eun-Suk Seo

Seo et al. ASR 53/10, 1451, 2014

Increases the exposure by an order of magnitude!
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• Measurements of the relative 
abundances of secondary 
cosmic rays (e.g., B/C) in 
addition to the energy spectra 
of primary nuclei will allow 
determination of cosmic-ray 
source spectra at energies 
where measurements are not 
currently available

• First B/C ratio at these high 
energies to distinguish 
among the propagation 
models

What is the history of cosmic rays in the Galaxy?
Ahn et al. (CREAM collaboration)  Astropart. Phys., 30/3, 133-141, 2008

δ−∝ RX e
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In preparation for launch in Antarctica in December, 2016

Boron And Carbon Cosmic rays in 
the Upper Stratosphere 
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BACCUS



BACCUS beam test at CERN
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Calorimeter Performance

• ISS-CREAM/BACCUS data are 
consistent with previous CREAM 
data
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Picot-Clemente et al. APS April meeting, J13.0003, 2016; Han et al. 32nd ICRC, 6, 391, 2011



http://cosmicray.umd.edu
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Thank you!
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