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The Cosmic Ray Antarctic Payloads in NASA

« ANITA Anita Lite) Antarctic Impulsive Transient Antenna (SMEX Mission)
Origin of the highest energy particles in the Universe

* ATIC: Advanced Thin lonization Calorimeter
Measuring the cosmic_proton and helium spectra from below
5 x 1019 eV to more than 104 eV

« BESS Polar): Balloon Borne Experiment with Superconducting Solenoidal Spectrometer
Search for anti-helium nuclei and studies of Z=1 and Z=2 components - ‘identifying
anti-protons, measuring proton and helium spectra and separating isotopes

* CREAM: Cosmic Ray Energetics and Mass ULDB)
Investigate ultra high energy (102 to > 5 x 104 eV) cosmic rays over the
elemental range from protons to iron

* TIGER: Trans-lron Galactic Element Recorder
Measure GCRs with atomic number (Z) between 26 (1ron) and 40 (Zirconium).

* TRACER Transition Radiation Array for Cosmic Energetic Radiation
Measurements of heavy cosmic ray nuclei (oxygen to iron) in the energy range
from 10%3 to several 104 eV per nucleus.

2004 9 29 7



Other Astrophysical Antarctic Payloads in NASA

 Boomerang:
Balloon Observations of Millimetric Extragalactic Radiation and Geophysics
Mapping the Cosmic Microwave Background (CMB)

Polar Patrol Balloon Payload in NIPR/JAXA

« PPB-BETS:
Polar Patrol Balloon — BETS
Observing Primary Electron in 10 -1000 GeV

Emulsion Chamber Experiments

* JACEE:
Japanese American Cooperative Emulsion Experiment
* RUNJOB:
Russian Nippon Joint Balloon Experiment
Measurement of H to Fe in 1-1000 TeV
* Primary Electron:
Observation of Primary Electrons in 100 -1000 GeV

2004 9 29



7 HEAT,CAPRICE

LEPTON

N Emulsion
qoe

alvyes JACEE,RUNJOB
e =

26 |-

2004 9 29

Energy GeV)

TRACER

HADRON



Summary of Long Duration Cosmic-Ray Balloon Flights

Emulsion Chamber

Primary Electron 1968~2002 9.2 m? day sr Electron (100~ 1000 GeV)
RUNJON 1995~1999 24 m? day H toFe (1~ 100 TeV)
JACEE (including LDBS) 1979~1995 60 m? day Hto Fe (1~ 100TeV)

NASA Long Duration Flights in Antarctica

2000/2001 ATIC 14 days H, He to Fe (0.1~100 TeV)
2001/2002 TIGER 31.5 days 26 <Z <40
2002/2003 ATIC(2) 17 days

BOOMERANG(2) 15 days
2003/2004 TIGER (2) 18 days

+ ANITA Lite Neutrinos

TRACER 14 days O to Fe (10~ 100TeV)
2004/2005 BESS-Polar anti-P
(scheduled) @ CREAM H to Ni (Z=28) (1~500 TeV)

ATIC(3) (Backup)

NIPR/ISAS Polar Patrol Balloon Flight in Antarctica
2004.1 PPB-BETS 13 days Electron (10~1000 GeV)

2004 9 29 10
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JACEE BALLOON FLIGHT TABLE

1434m2hr (~60m2day)

. Launch : Altitude Duration 2 5
Flight Date Launch Site [g/cm?] [hours] Area [m“] Exposure [m© hr]
JACEE-0 May 1979 Sankiku(Japan) 8.0 29.0 0.2 5.80
JACEE-1 Sep 1979 Palestine(Texas) 37, 25.2 0.8 20.16
JACEE-2 Oct 1980 Palestine(Texas) 4.0 29.6 0.8 23.68
JACEE-3 Jun 1982 Greenville(S.Carolina) 5.0 39.0 0.25 9.75
JACEE-4 Jun 1983 Palestine(Texas) 5.0 59.5 0.8 47.60
JACEE-5 Oct 1984 Palestine(Texas) 5.0 14.5 0.8 11.60
JACEE-6 May 1986 Palestine(Texas) 4.0 30.0 0.8 24.00
Alice
JACEE-7 Jan 1987 : : 5.0 150.0 0.6 90.00
Springs(Australia)
Alice
JACEE-8 Feb 1988 : : 5.0 120.0 0.6 72.00
Springs(Australia)
JACEE-9 | Sep 1990 Gort Sumnakiew 4.0 44.0 0.8 35.20
Mexico)

JACEE-10 Dec 1990 McMurdo(Antarctica) 3.5 204.0 0.24 48.96

_ 261.00
JACEE-11 Dec 1993 McMurdo(Antarctica) 4.5 217.5 1.2

Not recover
JACEE-12 Jan 1994 McMurdo(Antarctica) 5.0 211.0 1.2 253.20
JACEE-13 Dec 1994 McMurdo(Antarctica) 5.0 310.0 1.2 372.00
JACEE-14 Dec 1995 McMurdo(Antarctica) 5.0 350.0 1.2 420.00
2004 9 29 4




JACEE LDB

JACEE
JACEE-13 FLIGHT PATH JACEE11 LDB

JACEE Flight Exposure

Cumulative Exposure (m* Hr)
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RUNJOB : RUssia Nippon JOint Balloon experiment
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RUNJOB

574.4 m2 hr (~24m2day)

(m3) (kg) | (m?) (h)
RUNJOB1 180000 | 230 0.4 | 1995/7/15 1995/7/20 130
RUNJOB2 180000 | 230 0.4 | 1996/7/19 1996/7/25 167
RUNJOB3 180000 | 254 0.4 | 1996/7/17 1996/7/23 134
RUNJOB4 180000 | 254 0.4 | 1995/7/18 1995/7/24 147.5
RUNJOB5 180000 | 260 0.4 | 1997/7/9 1997/7/15 139.5
RUNJOB6 180000 | 270 0.4 | 1997/7/11 1997/7/17 139.5
RUNJOB7? 180000 | 268 0.4 | 1997/7/16
RUNJOBS 180000 0.4 | 1999/7/8 1999/7/14 142
RUNJOB9 180000 0.4 | 1999/7/12 1999/7/18 145
RUNJOB10 180000 0.4 | 1999/7/13 1999/7/19 146.5
RUNJOB11 180000 0.4 | 1999/7/14 1999/7/20 145

2004 9 29
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List of Balloon Flights

~ 9.2 m2day sr

2004 9 29

Arca Fime MAveraze Alutitede ST
Flight (s {(min} (g et} |,m: 5 5r) Launch Site
(R 0.05 380 i1 1826 = 10° Haranomachi, Japan
[ 0.5 267 1 | 283 10" Haranomach, Japan
1w LS 1134 .1 a.46G0 = H]3 Sannku, lapan
1473 .20 ®33 B2 1.0%4 10 Sanriku, Japan
14T {40 1526 A0 7084 10" Palestine, LsA
1977 78 | 700 4.5 1.572 «10° Palestine, LISA
1L LU 16k 4.4 1530 = H]': Palestine, UsA
195D 0,50 2029 7.8 1.884 %107 Palestine, USA
R E 2 .26 576 w2 1357 <107 Sannku, lapan
1983 140 G4 0.4 4614 =10° Sanrku, Japan
[UHH .20 G i1 1493 =10° Lchinoura, Japan
1940 .20 2043 4.6 4874 10" Sanrku, Japan
R .20 1174 A6 2. 720 10" Sannku, Japan
| Lrpt) .20 =i 5.5 2 NS .‘:-=!"H'I'I Sanrku, Japam
21Kl .20 110% 55 2494 =107 Sanmku. lapan
Tostal TY30 !Uﬁulz -x-5F = 9.1 lJ.-JrJ EF -y
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Automatic Tracing Tracks in each layer of ECC

Ermulsion chamber configuration for 2001 flight

ECC

s GeV)
Eml = cmulsion
......... 2cmx3cmx5Xo depth ~40hr
, i Exposure at Balloon Altitude
Smm : B _—‘ i"fﬁﬂ'r!ﬁ
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ATIC Instrument

Silicon Matrix

Hodoscopes \ _ Electronics

s

BGO Calorimeter

Total weight
1,500 kg (3,300 Ibs),
Total power consumed
350 Watts (including power conversion efficiency)

Balloon Alititude:

~36km
Geometrical factor

0.45 m2 sr (calorimeter top)  0.24 m2 sr (calorimeter bottom).
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http://atic.phys.lsu.edu/aticweb/images/Instrument Down Large.jpg

Standard Model of Cosmic Ray Acceleration

« Supernova shock waves may accelerate cosmic rays via first order
Fermi process

— Model predicts an upper energy limit of E ~ Z x 10 eV

Fe é"f'r?fﬂﬁ' @ Investigate relationship between Supernova
_ ._"’ Remnant (SNR) Shocks and high energy
=T -l i S
o Supemora \ » Are SNR the “cosmic accelerators” for GCR

‘ ® Measure GCR Hydrogen to Nickel from 50
GeV to ~100 TeV total energy

_.}
Meutrings

— e » Determine spectral differences between
Core Collapse / Explosive
* ' Nucleosynihesis elements
«/ Collapsed " : gEre £
® | — ® Flight test pixilated Silicon detector
< Remnant ™
—
Mass Ejection SNR: PARTICLE

ACCELERATION
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ATIC Observations

Multiple flights needed to obtain necessary exposure
ATIC-1 during 2000-2001 — 14 days exposure
ATIC-2 during 2002-2003 — 17 days exposure
ATIC-3 anticipated for 2004 or 2005

Flight path for ATIC-1 ATIC-2 Flight Curve
(2000) and ATIC-2 (2002)

GPS ALT |FT)

2004 9 29
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Flight and Recovery

Flight

The good ATIC-1 landing on 1/13/01 (left) and the
not so good landing of ATIC-2 on 1/18/03 (right)
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ATIC Results

P, He

Heavy Nuclei

25



TIGER Instrument

TIGER [NSTRUMENT CROSSSECTION

~ .
= -, _Fiber
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Experiment Weight : ~1050kg

Balloon Altitude: > 35.5 km
Measurement of the elemental
abundances of nuclei with 26 < Z <40
Energy measurement in 0.3-10 GeV/n.

3

3

B |
o1 e
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http://cosray2.wustl.edu/tiger/science/instrument/scintillator/

Flight Path for TIGER

2001-2002 2003-2004

31 days 21.5 hours 18 days
> 33 km ~38 km

2004 9 29 27



TIGER Results

ICRC2003 2001-2002 data
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TRACER Instrument

— scintillator

™~ proportional tube
array

radiator

1.2m

transition radiation
detector

/

scintillator

™™ Garenkov counter

* Detector:
Two layers of plastic scintillators (2 x 2 m?),
One Cerenkov counter (2 x 2 m?)
Transition radiation detector system which determines
the Lorentz factor.
» Oxygen to iron in 1013 to several 104 eV per nucleus
* 60 m? sr days for 12 days flight

e Altitude 37.5 km

2004 9 29

The whole detector is mounted inside
a 2.5 x 2.5 x 3 m 3 aluminum structure
without a surrounding pressurized shell.
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TRACER Flight

2003.12

“inson hassit
4397 m

*South Pole
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TRACER Expectation

over 50 Million heavy Cosmic Rays
(Carbon through Iron).

athlength of 0.013 g/cm?.

lecreasing pathlength proportional to E0-°

F% all particle measurem ente
o 9051 E=1
5 o, 0 09 #ﬁ*‘“ﬁ *‘%f
CE o o G *#;;@! &
w ',-"’
Ft;l..l , ra
»
2 ‘.
" 1oL Oxygen _II %
__QJ;}_____@:‘;.-"— —5 """""""""" o
o resiga:'al pathlength moded
finite p
10 3 - Irenf10 T
r %_:‘F ----------------- leaky-ox model
- 4 continously ¢
7 CRN
B potential TRACER
IIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1
10 10" 10" 10 10"

Total Particle Ernergy (eV)

Simulated data for oxygen and iron, indicating the statistical quality
of data from TRACER for a 12 day flight.
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CREAM Instrument

——

2004 9 29

A key feature of the instrument:
Simultaneous measurements of

the energy and charge of a subset

of nuclei by the complementary
calorimeter and TRD techniques,
thereby allowing in-flight inter-
calibration of their energy scales.

J

PMT

Timing-Based Charge Detector

- Identify incoming particle

Penn State U

- U of Chicago

Tungsten-SCN Calorimeter

- Measure energy for 2 =1
- U of Maryland

Plastic 'E,ci_n?ttlmc-l

—

Adiabatic —

“lightguide

== »TRD
4= ‘

PMT

B,
=— Carbon Target

Transition Radiation Detector
Measure velocity for2=3
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CREAM TCD

| Carbon Targets
L 4 ~

2004 9 29 93



CREAM Performance

Instrument Weight ~1100 kg

1012 to > 5 x 1014 eV by 3 flights of ULDB —— 100 m?2sr day for P & He

¢ Element Coverage: H to Ni (Z =1 through Z = 28)
— Calorimeter Z>1
— TRD Z>3
e Charge Resolution: Individual elements Z <15
Individual or element groups Z = 15
e Energy Calibration: Better than 10%
 Energy Resolution: Better than 50%

Collecting Power:

~ 0.3m%rforZ=1& 2 (considering interaction fractions)
1.3 m%r for Z =3 (efficiency not included)

2004 9 29 34
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ANITALite ( Prototype of ANITA SMEX Mission)

ANITA
Experiment
at altitude of

~120,000 fi
A

The radio pulze propagates through the ice, is
refracted at the swrface of the ice and travels
to the ANITS mstrument antermas where the
waveform iz digitized and recorded.

ATR

The neutring interacts in the
Ie creating a shower of

subatordc particles and a
Cherenbory radio pulse

Ultra High Energy Heutrino travels through the
earth and into the Lntarctic ice

2004 9 29

E, = 1 Ea, R=S00Wm T_=THAOK Af=0.5—1LHz

mhal 1 L 1
i ol L
-
T T T

The ANITA instrument is designed to fly over
the continent of Antarctica which is the location
of some of the most pure ice in the world as
well as one of the most radio quiet spots on
earth. Flying at 120,000 ft (~ 37 km) the
instrument can observe ~1.5 million square
kilometers of ice. A simple pictorial explanation
of ANITA's detection of neutrinos follows below
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ANITA Instrument

Cirtoway View of loe Bt
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e
- Antarctica

N

Balloon Gondola / Launch vehicle

Balloon gondola plus science payload
mass = 1840 kg (4050 Ibs). Dual
gondolas planned for 1yr tumaround.

Power requirements = 1 kW, solar
photovoltaic panels

Gondola 1s anti-rotation stabilized,
sun-pointing

Long-duration balloon launch from
McMurdo Station, Antarctica

Mo deployments or articulations
necessary during flight

743

&N rotahor

SIP P¥ omnl amay

Uik hiorna
2 1 & amemnas'chealar

nayload FY arey
EIF, baflierbiss, slecironica

raad Ir Ciualer
— fHour amerraa

|—--1-.Trn —|

Cresh pada and landing
siruts not ahows

Schedule & Cost

Initial Flight Dec. 2006 / Jan. 2007
2ra Flight Dec. 2007 { Jan. 2008
3rd Flight Dec. 2008 / Jan. 2009
Initial Data release April 2009
Phase A/B 7. 1M

Phase C/D 17 1M
Phase E 33.4M
Balloon launch costs 54.3M

Total (FY2003 $) $31.9Mm
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balioon at ~37km altiude Eo¥ Neutrinos: & ANITA genelthty

cascade produces
UHF=-microwave EMP antenna amray
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Figure 1: Left: Schemafic of the ANITA concept. Right:Neufrine models and limits along with
esfimated single-event sensitivity (SES) of ANITA for the baseline 45 day total exposure, assuming
73% observing efficiency. The AGN band is based on Mannheim [2] and covers a range from 0.1-1
of the nominal flux. The Waxman/Bahcall bound [3] is fied to the UHE cosmic ray flux and give a
theoretical upper limit for optically thin sources, but does not apply for thick sources or top-down
models. GZK neutrino flux range is given by ref [7]. The GLUE and RICE limits are curvent
experimental bounds on the neutrine fluxes.
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ANITALIte FLIGHT with TIGER

2003-2004
Anita Tiger Track ~18 days

1, N

2004 9 29
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BOOMERANG Instrument and Result

The 1998 LDB flight was 10.5 days long, more
than 30 times longer than traditional flights flown
from North America. The instrument measures the
sky at four frequencies to help us separate faint
galactic emissions from the CMB.

CMB Mapping
- N $.4 . 5
S T e,
1* 11 II,./ .I' - | %
“ :;I.- é:j C I|I .l:
'\.!E‘ = Illl Illl ‘.l"
£ R - 5%
e X e y “ L 7

2004 9 29
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BOOMERANG Flight in 2003

Altitude 15 days flight in 2003.01

GPS Altitude - BOOMERANG (516N}
Jan 5, 2003 - Jan 20, 2003
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PPB-BETS Flight

* Launched at the Syowa Station, Antarctica
* Level Altitude ~34.6 km
e 13 days flight
(Jan. 4, 2004 to Jan. 17)
HE (>100 GeV)
5700 events, (0.02 Hz)
LE(>10GeV)
22000 events, (3 Hz)

2004 9 29
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Basic Parameters of PPB-BETS

Detector Weight 200 kg including un-pressurized gondola
( Total Weight including ballast for 30 days 500 kg )
Power Consumption 70 W supplied by solar batteries
Observation Altitude ~35 km controlled by auto-level system
Data Transfer Rate 2.4 kbps by the Iridium telephone line
(64 kbps by the telemetry to the stations)

Energy Range 10 ~1000 GeV by two modes of trigger
Geometrical Factor 550~600 cm?sr by simulation (> 100 GeV)
Energy Resolution 12~ 16 % by plastic scintillators
Angular Resolution 0.35~ 0.6 degrees by shower image of SciFis

2004 9 29

43



Examples of Observed Events
X,Y Image by CCD  Transition Curve

Shower Curve Shower Curve
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Proton —like Event LED Calibration
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Selection of Electron Events
Reduction of proton backgrounds:

On-board Trigger by the 1st and 2nd levels
~ 95 %
Selection of Contained Events in Detector
~90 % O

Shower Image Analysis > | e 100GeV
~95 04 60 | experiment | |

- simulation

counts

RE parameter:
Energy Concentration
in Shower

RE= within 5 mm from the axis

Total

Total Rejection Power of Protons: 0.05 x 0.1 x 0.05 = 2.5x 104
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Preliminary Results of Data Analysis

Pulse Height Distribution @ 7 r.l.

® @ : 2 sets of thresholds on HE trigger

| Pulse Hight Distribution
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Pulse Hight [MIP]

Observed Number of Events

Trigger Mode >100 GeV
3066 events

Trigger Mode > 150 GeV
1637 events

Expected Number of Electrons
over 100 GeV
~ 100 Events

More than one order of total
number of BETS observation
(4 events)
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