AMS Days at CERN, The Future of Cosmic Ray Physics and Latest Results, 4/17/15

Cosmic Ray Energetics And Mass:
From Balloons to the ISS
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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.

Atoms

Dark

4.9% Energy
Bark 68.3%
Matter Low-energy photons Positrons
Quarks \/\/\/_\/\" o

D e
¢ Medium-energy Electrons
\ gamma rays
- ™ .

26.8%

— A
>
= | X X .
=
o) (&}
ol = Leptons
O o
@ O
0 Q
3 S
S © Supersymmetric

a

\ 4 q q neutralinos
) Decay process m—)

Direct Detection
Cosmic Rays Eun-Suk Seo



Search for Antimatter & Dark Matter 8
Novel Cosmic Origin

1979: first observation of antiprotons |
(Golden et al, 1979, Bogomolov et al.1979)

1981: Anomalous excess (Buffington et al.) _ ot i+ e

1987: LEAP, PBAR -----"“Salar maximum in + pilase

1988 - ASTROMAG proposal Solar ma=imum in -phase

1989: MASS

1991

1992: IMAX

1993: BESS, TS93

1994: CAPRICE, HEAT

1995: AMS proposal

1998: AMS-01 (Discovery STS-91)

2000/2: Heat-pbar

2004: BESS-Polar |

2006-present PAMELA (Polar-orbit)

2007: BESS-Polar Il

2011-present: AMS-02 (Endeavour
STS -134)

Cosmic Rays Eun-Suk Seo 4
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Balloon-borne Experiment with a
B ESS - PO I ar I I Superconducting Spectrometer

Aerogel A

Pressure

(@p

e et al. PRL, 108, 051102, 2012

® BESS-Polar I
& BESS95+97 [7]

2
%

J( e () Sec: Mitsui et al. [6]

oA S $=600 MV
. Normalized @ 2 GeV
——1 Sec+Pri (A)

\\‘\‘l\\\l‘

Antiproton Flux (m-2sris1GeV1

K 0 '\\‘:... 2 Sec+Pri (B)
Maki et al. [5]
L e A PBH (R=5.0x 10™ pc-iyr]
W' -—- B PBH (R=4.2x 10 pc-iyr)) .
= $=600 MV \_‘B
“-.__ / >~ -1 e - '—_'f_\
! \\‘7"":7::—1"’ ’K 1 Lo |.."» 1 \Vl".
TOF hodoscope

—
<
"

Kinetic Energy (GeV)
«  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.

! BESS-00
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m Alpha Magnet Spectrometer
——— Launch for ISS on I\/Iax 16, 2011

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

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

High Statistics Measurement of the Positron
Fraction in Primary Cosmic Rays of 0.5-500

I—1—7' Precision Measurements

B ‘ . 2

" i -Tl\él)ag?:stc?legtizw 120 ps GeV with the A_Ipha Magnetic Spectrometer
7.- / ~Tracker resolution 10y on the International Space Station

” *TRD h/e rejection O(102) Accado et al., PRL 113, 121101, 2014
_; F 5 *EM calorimeter h/e rejection 0.25

" i 0(104) i . - AMS 2014 o

=3 *RICH h/e rejection O (103) o2

o

Pulsars

0.15

Positron fraction

e, e from Collision of Cosmic Rays

10 10° 10°
et energy [GeV]
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Latest measurements from the AMS experiment unweil new territories in the flux of cosmic rays

1) bones () 5 (1) < AMS Space Experiment Sees
Latest measurements from the AMS Hints of Dark Matter Particles

experiment unveil new territories in the
flux of cosmic rays BWER O T . 9 VAN

The excess positrons in the flux could be an indicator of dark
matter particles annihilating into pairs of electrons and

positrons. S cientists behind the $2 billion Alpha Magnetic Spectrom

By CERN, Geneva, Switzerland | Published: Friday, September 19, 2014

RELATED TOPICS: SPACE PHYSICS | COSMIC RAYS

"With AMS and with the LHC to
restart in the near future at energies
never reached before, we are living
In very exciting times for particle
physics as both instruments are
pushing boundaries of physics,” said
CERN Director-General Rolf Heuer.

experiment are reporting new data pointing toward the

SCIENTIFIC
AMERICAN"

Permanent Address: http:/fwww.scientificamerican.com/podeast/episode/dark-matter-looks-wimpy/

Space » 60-Second Space

Dark Matter Looks WIMPy

Data from the International Space Station-based Alpha Magnetic Spectr:

consists of the invisible particles called weakly interacting massive particls

Cosmic Rays



SOURCES medium
SNRs, shocks X V- ____________________________________ h q
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el (B ) Syrchrotron
P, / & '

photon emission \. Inverse Compton
acceleration ~He EIEITELY | @85s T
= Reacceleration

C, N, O§etc. Diffusion Brem::,trahlt‘%lng>

Z=1-92 Convection = —s— T

Exotic Sources: G - 4 p:
Antimatter ]
Dark matter etc..
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How do cosmic accelerators work?

1.E+11 ‘IT

1.E+10

1.E+09 *\ Galactic Cosmic Ray
g 1.E+08 20 Relative Abundances
;E 1.E+07 -
é 1.E+06 -

1.E+05
:2: 1 E+04 Several isoiope“\ A fe¢w element group measurements
3 > - >
® 1.E+03 g many elemen "

1.E+02 - s AR

1.E+01 M‘\

1.E+00

0 20 40 60 80 100

Elemental Charge

The ISS provides an excellent
platform for our quest to
Investigate the low fluxes of
high-energy cosmic rays.

Cosmic Rays

(X\
A Fluxes of Cosmic Rays
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x 10 F =
il _7 :_ \ 0
10 &8 0
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—-19 :_
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o Ankle
—25F
10 E
_28E A
10 E Y
10°10"%0 ™M0™10™10™0™10" 01080 0% 0*
Energy (eV)
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Is the “"knee"” due to a limit in SNR acceleration?

I, Tt

5 LLLILL

10

« The all particle spectrum extends
several orders of magnitude beyond

—

the highest energies thought 10

possible for supernova shocks R Knee
:P] L
O
« And, there is a “knee” (index 2107
change) above 1015 eV g s,
= ..
. . D107 E %
- Acceleration limit signature: 2 o fAnkle
Characteristic elemental |
composition change over two H10E
decades in energy below and i 1
approaching the knee 10° TIPS BT W TP LT IR R R
| o 100 100 10° 10° 10° 10" 10° 10’ 10"
« Direct measurements of individual Energy (GeV)
elemental spectra can test the _ —
supernova acceleration model SNR acceleration limit:
E ~Y7eBVT ~ ZxE
max C max_ p

Cosmic Rays Eun-Suk Seo



m Cosmic Ray Energetics And Mass

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

. Transition Radiation Detector (TRD) and ~ * The CREAM instrument has had six successful

Tungsten Scintillating Fiber Calorimeter Long Duration Balloon (LDB) flights and have
accumulated 161 days of data.

- In-flight cross-calibration of energy scales

. Complementary Charge Measurements — This longest known exposure for a single
- Timing-Based Charge Detector balloon project verifies the instrument
- Cherenkov Counter design and reliability.

- Pixelated Silicon Charge Detector

|20041 221-054208 dat - Event 1480073]

200

Qoo o0
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00 000000 O Q0000000000000000

L]
000000 0 00 00 0 00 00
ooooagon 4 30 @1 008 0000

00000000 0 00000000000000
000000  BNOIOE B0 0000000000

000000 0000 0 0 0000000000
00000000000808 T 000 DO0ODOOD
0000000000 B0 @ B0® 00 00000

00000 QOCO@ O 000000

BT
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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 puilt in-
house by
students and
young scientists,
many of them
currently working
in the on-campus
laboratory.

Cosmic Rays ' Eun-Suk Seo 12



Two CREAM students won a poster award
International School of Cosmic Ray Astrophysics, Erice, Italy, 2014

——

Cosmic Rays Eun-Suk Seo 13



Magazine

U-Md.-Goddard programs offer

students out-of-this-world
opportunities

+

O v

@ =

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.
Students are helping her build a payload that is scheduled to
launch to the International Space Station next year, the
culmination of more than 10 years of her painstaking work on

cosmic rays in a collaboration with NASA.

Cosmic Rays

Adve

CAN TWO NEW
KITCHENS HOOK
SIETSEMA? &

Why the GOP's
Carly Fiorina is
still in the frays

PLATE LAB: A
REAL TURKISH
DELIGHT.

Date Lab: We
draft fantasy
football fans i

The ’washtmtou 05t

EDUCATION
ISSUE
THE PUSH 1O
TEACH LANGUAGES

IN GRADE
SCHOOLS, 22

THE TEACHER

Professor Seo
and the Cosmic Rays.
Not a band, just
out-of-this-world
research

BY ALLISON KLEIN
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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. ApJ 728, 122, 2011; Ahn et al. ApJ 714, L89, 2010

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I T TTTIT E‘z 105_
i |1 =_. FPAMELA (Adriani et al., Science 332, 69, 2011)
Ycream = 2.98 * > L  Uai
o i ¥ © [AMS-02 (Choutko et al., #1262; Haino ét al.
= Q_, #1265, ICRC, Rio de Janeiro, 2013)
T 4 He . X e _
310 ¥ o
S T - f YH”% 1.8, 4
c B 110"
S [ & Yawsor=2.74%0.01 E ¢ CREAM-I
o | gﬁ 1e Yo = 2.66 % 0.02
| L T | Yie = 2.58  0.02
o B X | He (annetal,ApJ 714, L89, 2010)
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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, Phys. Lett. B, 727, 1, 2013 & Yuan et al. arXiv:1304.1482, 2013
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CREAM solves the puzzle with the knee and beyond

T. K. Gaisser, T. Stanev and S. Tilav, Front. Phys. 8((2, 748, 2013
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Irvine, CA , 26-29 August
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Acceleration limit:
E =/ZexR=ZxE

max_z max_p,

where rigidity R = Pc/Ze
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Cosmic Ray Propagation

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

Steady State Transport Eq.:

8f of .
00D S1yLyof 4+t Ly Tiy 1O {P (% ] 285
j.ion k<]

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

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

j,ion

X. m dE [\ dx Po 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 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

« This first B/C ratio at such
high energies will distinguish
among propagation models

X, cR™

Cosmic Rays
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NASA ISS Research Academy

__ _League City, TX, August 3-5, 2010

%
<

A%a&s ISS Program Office
0 {DoD. NIEL) ISS Intl
D prate Barter
g€ Agreeme Commitments
OMD pace Operatio / \ (SOMD)
» ploratio ste SA b \‘JAXA'
D cience -/ / \l / | \_ -/
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Cosmic Rays
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ISS Transportatlon Post-Shuttle

Dragon (SpaceX)

Progress/Soyuz (Energia)

HTV (JAXA) |~ S8R

Cosmic Rays Eun-Suk Seo




ISS-CREAM: CREAM for the ISS
E. S. Seo et al, Advances in Sgace Research, 53/10, 1451, 2014

To be installed on the ISS = 5
by Space X

| Mass: ~1400 kg |

Power: ~ 550 W
Nominal data rate:
~350 kbps

« Building on the success of the balloon flights, the payload is being
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 1012to >101° 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.

Cosmic Rays Eun-Suk Seo 24



THE ISS-CREAM TEAM
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US.A
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NASA JSG ° Switzerland
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ISS-CREAM Instrument

Seo et al. (CREAM Collaboration) Adv. in Space Res., 53/10, 1451, 2014

I, T,

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 cm? pixels).

SCD

C-targets .

‘ BC !“

rﬂ‘?i. .

Top/Bottom Counting Calorimeter (CAL) 185cm

Detector (T/BCD) - 20 layers of alternating

» Plastic scintillator tungsten plates and Boronated Scintillator
instrumented with an array scintillating fibers. Detector (BSD)
of 20 x 20 photodiodes for « Determines energy. - Additional e/p separation by
e/p separation. * Provides tracking and detection of thermal neutrons.

* Independent trigger. trigger.

Cosmic Ravs Eun-Suk Seo 26



CREAM Integration at WFF

Cosmic Rays Eun-Suk SeC
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Key Decision Points and Milestones

I, Tt

ROSES-10 CREAM Science Panel Selection PI Notification
Release —> Submitted — Review —> Announcement —> Nov - 11
Feb - 11 Mar - 11 June - 11 Sept-11

\ 4
C.REAM Instrument PDR
Kick-off > Mar-12
Dec - 11
Launch Vehicle JSC ISS & LV KDP-B
» Accommodation Study —» Endorsement Letter > Phase B Review
Feb-12 Feb-12 Oct-12
A\ 4
KDP-A Mission PDR w/
KDP-F > Approved FAD Space-X
Extended Mission Sep-12 Oct -12
Proposal
TBD J
+ y
. KDP-E KDP-D KDP-C
Launch B Mission Readiness | . ~ . .
< . < Phase D Review < Formulation Review
TBD Briefing
TBD Sept-14 Apr-13

Cosmic Rays Eun-Suk Seo



Science Operation Center Is In operation

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

Huntsville Operations
Support Center (HOSC

] \ Payload Operations &
Satellite\ Integration Center

(TDRSS) g =
WSC
Data flo Commands
Ethernet

Science Operation Center (UMD)
i Web monitoring
l— & operation log PC with
Z————— STELLA % %
PC with
i Data relay l Datarelay = STELLA
L( =\ =
cdps4 cdps3 cdps2 cdpsl
Event Display & Data Monitoring Receiving data  Sending commands
Data verification

Cosmic Rays Eun-Suk Seo



Data available online for real time monitoring

—
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ISS-CREAM takes the next major step

The ISS-CREAM space S A R B
mission can take the next - ISSCREAM E
major step to 10 eV, and + #,. |
beyond, limited only by o? .
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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Ever closer to answering long standing questions

.

ISS-CREAM will address specifically the

science objectives of the Advanced

Cosmic-ray Composition Experiment for
the Space Station (ACCESS) prioritized in
the Small Space-Based Initiative category
of the 2001 NRC Decadal Study Report
“Astronomy and Astrophysics in the New

Millennium.”
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SMD Urged To Use Station

AMY KLAMPER, WASHINGTON

With the White House having directed
NASA to continue supporting the interna-
tional space station at least through 2020,
the agency is looking for ways to more fully
utilize the facility as a host platform for sci-
entific payloads and for testing instrument
technologies in orbit.

The research could involve any number
of scientific disciplines, including astrono-

| my, astrophysics, Earth science and plane-

tary exploration, according to Vernon
Jones, senior scientist for suborbital re-
search in the astrophysics division of NASA's
Science Mission Directorate (SMD).
Jones was speaking July 8 during a meet-
ing of a group of outside scientists who reg-
SO o Qi iedks
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al examples of such utilization are already
under way, including the Alpha-Magnetic
Spectrometer planned to launch aboard the
final space shuttle mission early next year.

“Here’s an asset that’s been extended
for several years that in the past hasn’t been
used, and is there usability for the science
area?” Jones said.

Jones said the space station provides a
good platform for a variety of non-micro-
gravity science and technology payloads
because it offers mounting points for
large instruments, moderate stability, am-
ple power and high-bandwidth communi-
cations capabilities. He said all four of the
NASA Advisory Gouncil’s Science
subcommittees had been asked to pro-
pose potential science and technology re-
conrch ideas to the full committee in ad-




Cosmic Ray Observatory on the ISS

ISS-CREAM
Sp-X Launch 2015

| 5 JEM-EUSO
CALET on JEM Launch Tentatively |
HTV Launch 2015 1 planned for >2018
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