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Schemcmc Context of Particle Astrophysics (NASA strategy by V.Jones)
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Proton & Nucleus Observation before 2000
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O The spectra observed at the
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propagation in the Galaxy
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L L o ] kinetic energy : E, [GeV/nucleus]
Due to poor statistics, it is difficult to know details of energy spectra

of each component over 10 TeV/ nucleus.

Need more observation with Large Scale and Long Duration for
accurate measurement of the spectra and abundances of elements in
cosmic rays
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Electrons can provide additional information
about the GCR source

* High energy electrons have a high energy loss rate « E?
— Lifetime of ~10° years for >1 TeV electrons

e Transport of GCR through interstellar space is a diffusive

process

— Implies that source of high energy electrons are < 1 kpc away

» Electrons are accelerated In

SNR

e Only a handful of SNR meet

the lifetime & distance
criteria

2008.3.31
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New Technology and Long Duration Ballooning
for Precise Measurments

70 days of flight from 2 launches,

as of 2006
D C REAM 12/ 16c/|;ElA-M1_/I 27/05 12/ lc()Ii(E)gl-Ml-/IlIS/O6
D ATI C Record breaking 42 days 28 days
d Tracer
d TIGER
1 BESS-Polar
O PPB-BETS
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Three Long-Duration Balloon (LDB) Flights in FY-08

 Three LDB payloads were launched within 7-1/2 days in December 2007

» All three completed their flights successfully: ~79 days of total flight
— CREAM: 2 circumnavigations in ~29 days / ~29 days data
— BESS: 1-1/2 circumnavigations in ~30 days / ~24.5 days data
— ATIC: 1-1/2 circumnavigations in ~19 days / ~14.5 days data

» Longer flight of CREAM was precluded by lack of air assets for recovery

ATIC-IlI
CREAM-IIl  (~100 days in total) BESS-II
12/19/07 - 1/17/08 12/22/07 - 1/22/08 12/26/07 - 1/15/08
28 days 21 hrs 53 min 30 days 1500hrS 37 min 19 days 10 T:S 43 min

3p-

[e1V/3] 2008 Jan 23 22:00:10 | LDB_Antarctica_2007-2008_CREAM 2] 2008 Jan 23 22:00:05 | LDB_Anfarctica_2007-2008_BESS Em 2008 Jan 15 14:30:00 | LDB_Antarctica_2007-2008_ATIC
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Cosmic ray balloon payloads (1)

Cosmic Ray Energetics and Mass
(CREAM)

— GCR nuclei from H to Fe for energies from
~1 TeV to ~500 TeV

— 1141 kg (2526 Ibs)
— Flights in 2004 , 2005 and 2007(~100 days)
— Anticipated flight in 2008

Advanced Thin lonization
Calorimeter (ATIC)
— GCR nuclei from H to Fe from 50

GeV to ~100 TeV; GCR electrons
from ~20 GeV to several TeV

— 1636 kg (3600 Ibs)

— Flights in 2000, 2002 (30 days),
launch failure in 2005

— Flight in 2007
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Approaching the “"knee” (CREAM)
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* The proton spectrum follows a power law with little change up to ~ 100 TeV.
 The He spectrum seems harder than the proton spectrum.

— If this continues, the “knee” composition could be dominated by He

— He/p ratio is about a factor of 2 higher at ~10TeV/n than 10-100 GeV/n

» Future flights will extend the CREAM energy reach to higher energies and
distinguish hadronic interaction models such as QGSJET and SIBYLL used for
ground based data.
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Preliminary ATIC-2 Results
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Cosmic ray balloon payloads(2)

Transition Radiation Array for
Cosmic Energetic Radiation
(TRACER)

— Direct measurements of O to Fe
from ~50 GeV to several 100 TeV;
5 m2sr

— 1614 kg (3550 Ibs)
— Flights in 2003, 2006 (14 days)
— Proposing for more flights

Trans-lron Galactic Element Recorder

(TIGER)

GCR nuclei heaver than iron (26 < Z <
40) for energies ranging from 0.3 to
~100 GeV/nucleon

700 kg (1543 Ibs)
Flights in 2001 and 2003 (50 days)
Unrecovered after 2003 flight
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TRACER Resul-'-s TRACER + Propagation Model

a=2.3 Dashed Line

— 2 Contribution from
A, =0.1 g/cm secondary nuclei

The TRACER results, extending to about 104
eV per particle, represent the highest
energy cosmic-ray data currently available
with single element resolution.

The data can be described by a simple
propagation model with

0:0.6 energy dependent path length
a: 2.3 power law source index
A,:0.1g/cm? residual path length

Flux - E*°(m?2 sr?! s! (GeV/amu)'®)

Kinetic Energy (GeV/amu)

The TRACER data indicate a common origin
and mode of propagation for all species. 2.4
They are consistent with predictions of
commonly accepted shock acceleration

-2.5 Model Prediction
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Relative Abundance (Ni= 1000)

Volatility or FIP Fractionation or ?7

TIGER Results

Top-of-atmosphere abundances

1072
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I \ I \ I I \
— SS + FIP Model -
—— SS + Volatility Model ]

B Combined TIGER Data
O HEAO-C2 Data
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30 31 32
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ACE/CRIS & TIGER

Cosmic Ray Fe Spectrum

ACE/CRIS

January 2002

GCR Transport

/ model
PHI = 800MV

TIGER Balloon flight
(preliminary)
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PPB-BETS Flight

« Launched at the Syowa Station,
Antarctica

 Level Altitude ~34.6 km
13 days flight
(Jan. 4, 2004 to Jan. 17)
HE (>100 GeV)
~5700 events, (0.02 Hz)
LE(>10GeV)
~ 22000 events, (3 Hz)

More than 20 times larger than
previous flights at Sanriku
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Instrument and Flight in Antarctica

View of PPB-BETS Payload in Antarctica

CCD Controller LED  Light Guide Detector

L1+CCD
(in Pressurized
Vessle)

Electronics

PMT +HV+ Preamp

Schematic Top View

Top View

Cetector H‘

Electronics

Light Guide ——»

Image Intenzifigr =—t—»
+ CCD
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Trigger and Data Transfer System

Direct telemetry
to Syowa Station

 Low Energy (LE) Trigger
— 10 GeV - 100 GeV
— 10 hours from launching

 High Energy (HE) Trigger

Storage to on-board disk

— 100 GeV -1 TeV

¢ 2nd Tngger é Iridium satellite telephone

— Software trigger selected from HE

Satelite PPB-BETS
o ’ 2.4 kbps
1 \ Telemetry
S Iridium Telephone g ] pak
1Da‘tﬂ : : P System i 5
Stoi HE/2nd Trigger

Ground i i

NIPR Station Station
(Japan) . (US) (Antarctica)

phone
(9.6 kbps)

2008.3.31 BHIARES BEIZHITARBRE A



E’J (electrons m2 s sr-! GeV?)

PPB-BETS Results

Energy spectrum of electrons in the Ratio of observation to isotropic
energy range of 100GeV to ~1TeV distribution along Galactic longitude
10* o 2.5 : .
, $olden etal. 1984 | -+ Observation
Grimani et al. 2002 (MASS-91) 2 =~ Expectation with isotropy
SRS, | £ 2|
u rnoi .
PPB-BETS v Torii et al. 2001 (BETSS ) 2
4 Aguilar et al. 2002 (AMS-01 L
10° + e Kobayashi et al. 2003 (ECC § 15+
+ Chang et al. 2005 (ATIC-2) =
® This work (PPB-RETS) g
/7 @ 1 |
8 T
k]
: S 05
® T
s 0 . | , | | |
20 0 -20 -40 -60 -80 -100 -120
Galactic longitude (deg)
(Expected anisotropy by a model: ~1% >200GeV)

Electron Energy (GeV) Diffusion length
during the loss Time:
[4D(E)T,]'/2=1-2 kpc

Possible bump at 300 — 800 GeV seen by both ATIC and PPB-BETS may be a source signature?

2008.3.31 BHIARES BEIZHITARBRE A 18



Future Electron Observation by PPB BETS-II

Expected Observation of Electron

100

Flux+E' [GeV*/(m® sr sec)]

Geometry: 0.23 m® sr

< 5172 mm—» Energy Spectrum up to a few TeV
Anti Sci tor IMC ( SciFi + APMT 1000
SciEi EEC Lead 3

Exposure: 50 days |

Plus Local Sources |
and
'fealure’ I
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10 e
10 100 1000 10000
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T.J.] 320 ‘v %ﬂ 0.002F CALET 30 Detection Limit
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