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Extend the energy reach of direct
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highest energy possible to investigate

propagation.

CREAM

100

C

accelerators work?

Fluxes of Cosmic Rays
5 <« (1 particle per m*-second)
E 4
< 10 F ¥
- | -
i _7 - \
10 3 2 ¢
— TS ATIC )
-10F
10 F Knee
= (1 particle per m*~year)
13
10 E
_16F
10 [
—-19 :'_
10 E
102°L ‘measurements %,
P Ankle
—28F A
107 E Y
10°10"%0"0"%10"%0™10™ 10" 0" 104 0% 0%% 0
Energy (eV)
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)







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.

ISS-CREAM launch on SpaceX-12, 8/14/17

ISS-CREAM

ASTROPHYSICS

Cosmic ray catcher will probe
supernovae from new perch

Balloon-horne 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 floated above Antarctica
seven times to collect high-energy cosmic
wasre ahasmad waBEN-SUR-EEG~t~nn ~nd

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,
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oI {=F\\\/ W Cosmic Ray Energetics And Mass

Seo et al. Adv. in Space Res., 33 SIO), 1777i 2004: Ahn et cll.i NIM A, 579, 1034i 2007

« Transition Radiation Detector (TRD) « Complementary Charge
and Tungsten Scintillating Fiber Measurements
Calorimeter - Timing-Based Charge Detector
- In-flight cross-calibration of - Cherenkov Counter
energy scales - Pixelated Silicon Charge Detector
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Balloon Flights in Antarctica Offer Hands-On Experience
CREAM has trained >100 students

The instruments
are for the most
part built in-
house by
students and
young scientists,
many of them
currently working
in the on-campus
laboratory.
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Magazine

U-Md.-Goddard programs offer
students out-of-this-world EEESNITVRETTIS TP
opportunities s P

 {] L ® ] +

By Allison Klein October 31 at 6:00 AM

Professor Eun-Suk Seo at the University of Maryland Laboratory stands in front
of the Cosmic Ray Energetics and Mass detector, which NASA will launch to
the International Space Station. (Greg Powers/For The Washington Post)

Dozens of students at the University of Maryland have
toiled in the physics lab, some soldering metal parts, some
debugging software and some simply slicing black pieces of

paper into perfectly sized triangles.

To physics professor Eun-Suk Seo, all of their work is critical. Professor Seo

Students are helping her build a payload that is scheduled to and the Cnsmlq Rays.
Not a band, just

launch to the International Space Station next year, the out-of-this-world

culmination of more than 10 vears of her painstaking work on research.
BY ALLISON KLEIM
cosmic rays in a collaboration with NASA.
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Yoon et al. ApJ 728,

Elemental Spectra over 4 decades in energy

122, 2011; Ahn et al., Apd 715, 1400, 2010; Ahn et al. ApJ 707, 593, 2009
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CREAM spectra harder than prior lower energy measurements

——

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

Is the “knee” due to a limit in SNR acceleration?

I, Tt

S Ty

The all particle spectrum extends 10 F T
several orders of magnitude beyond
the highest energies thought 10 1
possible for supernova shock Sk Knee
. [P} »
acceleration el _
And, there is a “knee” (index " f %
= 4
change) above 10" eV 210°k ] .
%e) = ., Ankle 1
ST ' e
Acceleration limit signature: 0 T -
Characteristic elemental H10E 3
composition change over two F ,_ :
decades in energy below and T 6....u..|2?.....u.| sl sl sl sl
i 100 10° 100 100 10° 10° 100 100 10 10 10
approaching the knee Eneray (GeV)
Direct measurements of individual
elemental spectra can test the SNR acceleration limit:
supernova acceleration model v
Epox ~—Z2eBVT ~ZxE ..
C
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Multiple Sources?

Acceleration limit:
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Need to extend measurements to higher energies

——

Yoon et al. (CREAM Collaboration) ApJ 839:5, 2017
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ISS-CREAM: CREAM for the 1SS

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

SpaceX-12 Launch on 8/14/2017 ISS-CREAM installed on the ISS 8/22/17

" .‘Ua"‘i}:-
L UEMCEF #2° %

o

o

* , Mass: ~1258 kg
| Power: ~415 W

 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 10'2to >107% 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.

CREAM Eun-Suk Seo 14



|ISS-CREAM Instrument

Seo et al. Adv. in Space Res., 53/10, 1451, 2014; Smith et al. PoS(ICRC2017)199, 2017

I, T,

Silicon Charge Detector (SCD) Lee et al. PoS
(ICRC2017)244, 2017; Hong et al. PoS(ICRC2017)229, 2017.

Precise charge measurements with charge resolution of ~ 0.2e.
« 4 layers of 79 cm x 79 cm active area (2.12 cm? pixels).

» C-targets .,
S ) (-

~
Mt @l

Top/Bottom Counting
Detector (T/BCD) Kang et al.

185cm .
R Calorimeter (CAL) Picot-Clemente stsagglzf 522/037I<I§'51% (2007; 7
Boronated Scintillator et al. PoS(ICRC2017)247, 2017. PO7018. 2015 ’
Detector (BSD) Link et al. « 20 layers of alternating tungsten . Plastic scintillator instrumented
PoS(ICRC2015)611, 2015. plates and scintillating fibers. with an array of 20 x 20
 Additional e/p separation by * Determines energy. ohotodiodes for e/p separation.
detection of thermal neutrons. « Provides tracking and trigger. « Independent trigger.

CREAM Eun-Suk Seo 15



Cosmic Ray Event Simulation
Seo et al. Adv. in Space Res., 53/10, 1451, 2014; Smith et al. PoS(ICRC2017)199, 2017

I, T,

Cosmic Ray Particle

SCD

» l’:—targetsj1 —

Py
e s —

185 cm
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CREAM

Flight data: Cosmic Ray Detection
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CREAM

Tracking in CAL

SCD4

Eun-Suk Seo
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SCD provides particle charge identification

——
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CREAM

SCD: individual elements are clearly identified
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CAL provides energy measurements

Cosmic ray all particle counts Spectrum Consistency Check
2 10° AL L - " P s~ o I E N R
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CREAM Science Operation

CREAM SFC > Marshall Space
(CDAQ/STELLA) Vo2 Flight Center
/f D Huntsville Operation
\ Support Center (HOSC)
Satelllte\

(TDRSS) g : — |
Ethernet
HOSC Near Real} Data flo Commands
Time (NRT) Data
Science Operation Center, UMD
Slavback Dat = STELLA

ayback Data = ( STELLA & TReK
Monitoring &TReK L IDV"icrre

g ma
w o oe-g

l Operationlog  Event Display Data Monitoring Receiving data Sending
i ER/?)\ISVSeb Data Merging commands
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Web Monitoring and Data Distribution

http://cosmicray.umd.edu/iss-cream/data

I, T,

*  Monitor performance of CREAM
instrument using in-flight calibration data

— Every hour: Noise level (pedestal runs) of
Calorimeter, SCD, and TCD/BCD

— Every two hours: Charge gain, HPD
aliveness etc.

* Relay the housekeeping data to a web
server for worldwide monitoring

— 1558 housekeeping parameters every 5
sec

— Provides warning by color display when
values are out of range.

» Visualize interactions of cosmic rays in
CREAM by generating event display
plots of science events.

* Process all data and distribute them in
ROOT format for analysis.

— Refine the initial pre-launch detector
calibrations channel by channel to reflect
the actual flight conditions, including time-
dependent effects

CREAM

RMS

Noise level of one layer of SCD

HPD aliveness of CAL

Eun-Suk Seo
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CAL pedestal reached a plateau in November 2017

——
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CREAM
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Temperature Dependence
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Currently taking data continuously

Initially on only during non-SAA orbit to avoid potential radiation damage to the instrument

BAD Analysis 2017.08.22.00.00.00-2017.08.22.12.00.00 Latitude-Longitude on Equidistant Cylindrical Projection (res=5s)

Longitude iDeg)
1ls0® 1500w 120°W 90°W 60°W 300w o 30°E 60°E 90°E Lo 150°E

Detector and instrument checkouts are completed, and the entire instrument is
taking data in a stable configuration in non-SAA orbits.

Cosmic Rays Eun-Suk Seo 26



CREAM is in Science Operations

Mission Success Criteria are met except for the flight duration

B

The payload survives the launch and is safely placed on the ISS
without any damage that precludes minimum success

Science data are received at the Science Operation Center and
commands can be sent to the payload

The science instrument provides publishable science data

Mission Minimum Success:
v Launch and operation for > 300 days

v" The instrument will be considered functional if at least one
layer of the SCD identifies charges and CAL provides
energy measurements

Mission Comprehensive Success:
Launch and operation for >1000 days

CAL provides its own event trigger, energy measurements, and
X,Y,z tracking coordinates

SCD provides particle charge identification
TCD/BCD provides its own event trigger and shower profile

BSD measures both prompt shower particles and delayed
neutron signals

DN N N N

CREAM
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ISS-CREAM takes the next major step

Increases the exposure by an order of magnitude!
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« The ISS-CREAM space ® |ISS-CREAM
mission can take the next
major step to 10"° eV, and
beyond, limited only by

statistics.

2

—_
o
[ ]

T T T

&l {z% _

 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.
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Seo et al. ASR 53/10, 71451, 2014 -
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Electron Proton Separation

Park et al. Adv. In Space. Res. 62/10, 2939, 2018
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