University of Virginia Physics Colloquium, November 15, 2013
Recent Discoveries of Cosmic Ray Anomalies
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Cosmic Rays:
Why care?
|

They influence 2
- evolution and shape of galaxies

Cosmic Rays Eun-Suk Seo


../../../../../Program Files/TurningPoint/2003/Questions.html

B EHA NI GULIT- | Discovery of Cosmic Rays

* In 1912 Victor Hess discovered cosmic
rays with an electroscope onboard a
balloon

— Reached only ~ 17,000 ft but measured an
increase in the ionization rate at high altitude
(1936 Nobel Prize in Physics for this work)

 Discoveries of new particles in cosmic rays
Positrons by Anderson in 1932 (Nobel ‘36)
Muons by Neddermeyer & Anderson in 1937
Pions by Powell et al. in 1947 (Nobel’ 50)

» "Direct Measurements of Cosmic Rays Using
Balloon Borne Experiments," E. S. Seo, Invited
Review Paper for Topical Issue on Cosmic Rays,
Astropart. Phys., 39/40, 76-87, 2012.
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How do cosmic accelerators work?
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* Relative abundances range over
11 orders of magnitude
* Detailed composition limited to
less than ~ 10 GeV/nucleon
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Search for the existence of Antimatter in the Universe

After the Big Bang
there must have been

What happened to the antimatter?

Anti-Universe
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We do not know what 95% of the universe is made of!

——

*  Weakly Interacting Massive Particles (WIMPS) could comprise
dark matter.

* This can be tested by direct search for various annihilating
products of WIMP's in the Galactic halo.
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Balloon-borne Experiment with a
Superconducting Spectrometer

Abe et al. PRL, 108, 051102, 2012
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Original BESS instrument was flown nine times between
1993 and 2002.

New BESS-Polar instrument flew from Antarctica in
2004 and 2007
- Polar-I: 8.5 days observation
- Polar-IT 24.5 day observation, 4700 M events
7886 antiprotons detected: no evidence of primary

antiprotons from evaporation of primordial black
holes.
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BESS-oIar 1

Balloon-borne Experiment with a
Superconducting Spectrometer

Search for Antihelium with the BESS-Polar Spectrometer

K. Abe et al.

Published 29 March 2012 (4 pages)
131301 [View PDF (546 kB)]

See accompanying Physics Synopsis

Phys. Rev. Lett., 108, 131301, 2012
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Payload for Anti-Matter Exploration and Light-nuclei
Astrophysics (PAMELA)

. _ Adriani et al., Nature, 458, 607-609 (2009)
High energy data deviate 35 odf | ' "]
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predictions of secondary
production models (curves),
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Alpha Magnet Spectrometer

m Launch for ISS on May 16, 2011

1_—_.——_;¢__

»  Search for dark matter by measuring positrons, antiprotons, antideuterons
and y-rays with a single instrument

- Search for antimatter on the level of < 10-°

Cosmic Rays

Precision Measurements

/ + Magnet 0.9Tm?

# *TOF resolution 120 ps
*Tracker resolution 10u
*TRD h/e rejection O(10?)
*EM calorimeter h/e rejection
0O(10%)

~ *RICH h/e rejection O (103)

Eun-Suk Seo

Positron fraction

First Result: Precision Measurement
of the Positron Fraction in Primary
Cosmic Rays of 0.5-350 GeV

Aguilar et al., PRL 110, 141102, 2013
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m Advanced Thin lonization Calorimeter

I, T,

Seo et al. Adv. in Space Res., 19 (5), 711, 1997; Ganel et al._NIM A, 552(3), 409, 2005
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ATIC discovers mysterious excess of high energy electrons
Chang et al., Nature, 456, 362-365 (2008)
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Detecting a Whisper, Perhaps, From the Dark Side of the Universe  [Letter
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Nature 456, 362-365 (20 November 2008) | doi:10.1038/natureo7477; Recefved 23 May 2008; Accepted 1 October 2008
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Fermi

Gamma-ray'Space Telescope

Y Tracker LAT
 Highly granular multi-layer Si
stripTracker (1.5 X)

+  Finely segmented fully active
CsI Calorimeter (8.6 X, )

* Highly efficient hermetic Anti-
Coincidence Detector (ACD)
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Calorimetric Electron Telescope
Launch target 2014
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m Cosmic Ray Energetics And Mass

Seo et al. Adv. in Space Res., 33 510), .7777i 2004: Ahn et cxl.i NIM A, 579, 1034i 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

Cosmic Rays

Eun-Suk Seo

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.
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Balloon Flights in Antarctica Offer Hands-On Experience
CREAM has produced >12 Ph.D.’s

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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Elemental Spectra over 4 decades in energy

Yoon et al. ApJ 728, 122, 2

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

—
o
o

1.75

'PAMELA (Adriani et al., Science 332, 69, 2011)

"AMS-02 (Choutco et al., #1262; Haino ét al.
1 #1265, ICRC, Rio de Janeiro, 201

Ycream = 2-98 £

-_
o
w

4 1

Yams.op = 2.74 £ 0.01 CREAM-|

Yp=2.66 + 0.02

Flux x E*" (m®s sr)" (GeV)
{a]

Flux x E2™® (mPs sr)(GeV/nucleon)’"®

) A Yue = 2.58 £ 0.02
ol . He (annetal, ApJ 714, L89, 2010)
10% =
- - Ll el il il 4l
: - 10 10> 10° 10* 10°  10°
- 1 Energy (GeV)
- 1 It provides important constraints on cosmic
Y <200 Gevin = 2.77 £0.03 ray acceleration and propagation models,
101 Y+ 200 Gevin = 2.56 £ 0.04 7 and it must be accounted for in
: L 11 IIIII| L 11 IIIII| 1 11 IIIII| [ IIIII| L 11 IIII% eXpIanatlonS Of the eIeCtron anomaly and
1 10 102 10° 10* cosmic ray “knee.”

Energy (GeV/nucleon)
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Taking into account the spectral hardening of elements
for the (AMS/PAMELA/ATIC/FERMI) high energy e* e enhancement

——

Yuan & Bi, arXiv:1304.2687v1 & 1304.2687v1, 2013
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Spectral breaks observed in CR spectrum solves the

puzzle with the knee and beyond
T. K. Gaisser, T. Stanev and S. Tilav, arXiv:1303.3565 [astro-ph.HE]
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S. Tilav’s presentation,
TeV Particle Astrophysics,
Irvine, CA , 26-29 August
2013
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Need to extend measurements to higher energies

B

Unpublished Data
Not shown

Cosmic Rays Eun-Suk Seo
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Cosmic Ray Propagation

B

Consider propagation of CR in the interstellar medium with random
hydromagnetic waves.

Steady State Transport Eq.:

of . of.
ﬁng—’+£vaj+iE p°K, >+ L0 p (d_pj =q;+ .S,
0z 0Z m P 5P ap p ap dt jion

k<]j

2
The momentum distribution function f is normalized as N = jdp P f

where N is CR number density, D: spatial diffusion coefficient, c: cross
section...

| o i
4 9) Ij+a{---}+ d (dEj . :—+Z 2]
j,ion

X, M dE |\ dx Py ke

e
Cosmic ray intensity |j(E) = Aj P foj (p)
Escape length Xe
Reacceleration parameter o
E. S. Seo and V. S. Ptuskin, Astrophys. J., 431, 705-714,1994.

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

B

- Measurements of the
relative abundances of
secondary cosmic r'aKs (e.q.,
B/C) in addition to the
energy s_lsec’rr'a 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 5

eOCR

Cosmic Rays

—
T T 1T

B/C Ratio
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From CREAM to ISS-CREAM (CREAM for the ISS)

——

Increase the exposure by an order of magnitude

The International Space Station (ISS) is nearly ideal for our quest to
investigate the low fluxes of high-energy cosmic rays.

The CREAM instrument will be re-packaged for accommodation on
NASA's share of the Japanese Experiment Module Exposed Facility
(JEM-EF).

This "ISS-CREAM" mission is planned for launch in 2014,
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ISS-CREAM Instrument

Ahn et al, NIM A, 579, 1034, 2007 Amare et al. 3379 ICRC, #0630, 2013

——

Carbon Targets (0.5 ;)
induces hadronic interactions

4 layer Silicon Charge Detector
- Precise charge measurements
- 380-um thick 2.12 cm? pixels

- 79 cm x 79 cm active detector area

ScD

Calorimeter (20 layers W +
o C-targets Scn Fibers)
Sy g .
- Determine Energy
- Provide tracking
- Provide Trigger

~ >

Top & Bottom
Counting
Detectors

- Each with 20 x

20 photodiodes Bo_ronated
and a plastic Scintillator
Detector

scitillator for

e/p separation )
separation
- Independent P
Trigger
Park et al. 33" ICRC, #1015, 2013

Hyun et al. 33" ICRC, #1017, 2013
Cosmic Rays Eun-Suk Seo

- Additional e/p

- Neutron signals
Anderson et al. 339 ICRC, #0350, 2013
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ISS-CREAM payload

Mass: ~1300 kg inc. GFE
FRGF (JEM-RMS) Power: ~ 600 W

Nominal data rate: ~350 kbps

FRGF (SS-RMS)
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Mission Concept & Data Flow

I, T,

Space-X lifts off
from KSC

Extraction of

CREAM
With SSRMS
EFU#9 SSRMS Placement of
handoff to CREAM
JEMRMS on JEM-EF#2
I e ————— e e :
: Instrument Electronics| | 1| S¢i€nce | DATA| Science ISS Control Center 153 ;
' 1| Data je—— i NASA JSC ;
i 5 4o i ! Operation Telemetryi TCMD !
! 8 ok I || Archive Center (SOC) !
: éE &l § 535 .§E o Science | DAT CMD T TORS® :
20 5 (I
: 8§ = o =2 1| __Team TReK —  ® NASA v i
£ Sl ~|
! o Wi < Data_ DATA Data_ pata| MSFC | CMD 1™ \White Sands !
T = Y y_, | ||| Analysis |« Processing| =——| POIC fl'l— Complex |
i ISSJEM-EF 11! o lametny |
O D R N T D E T T T T T T T T T T e e e e e e e e e e e e T e T e e e e e e e

‘ Plan to be launch ready in 2014
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ISS-CREAM takes the next major step

The ISS-CREAM space T T
mission can take the next e ISS-CREAM -
major step to 10 eV, and ﬁ.- .
beyond, limited only by ot? 1
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.
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THE ISS-CREAM TEAM

France

LPSC
US.A
Penn State Maryland
South Korea Northern Kentucky__ (lgéfs‘é .

NASA JSC ® Switzerland
~e X WFF CERN

SungKyunKwan NMSFC

Kyungpook 2 KSC

Mexico

UNAM



“Cosmic Ray Observatory on the ISS”
Current Statu
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