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F10, 5. —Example of coson annchilation. To the left are shown the sparks macking the event topology, with the Might opeical
format cearraagad 10 10 the apparatus (Fig, 1) and with two unasso Uracs and a few randoen spasks removed. To the right
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focxth scatters aad excapes cut the bottom, where it passes theough scintillator S, These her deposited at leaat 450 MeV of energy
@ the spark chamber, neglecting Beir mavies and whalever Kinctic energy was carried away b WO eacaping particles

Buffington, Schindler and Pennypacker, ApJ 248 (1981) 1179
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Buffington 1981
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ow T(p) (GeV)
« e, b pacs oo FIG. 2. Antiproton-proton ratio as a function of Kinetic
energy from photinos of mass (a) 3, (b) 15, and (c) 20 GeV.
(d) is for cosmic-ray secondaries.

Buffington, Schindler and Pennypacker, ApJ 248 (1981) 1179
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il | oo 8 | e 43 Tl L 400650 vi
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BESS-93,94 BESS-95 BESS-97,98 BESS-99,00  BESS-TeV
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98 n=1.02 p/He up to 1 TeV

p 0.2-0.6 GeV p 0.2-1.4 GeV p0.2-42 GeV p 0.2-4.2 GeV p 0.2-4.2 GeV
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New Mag
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Limit on parameter for SUSY DM
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Indirect search for Dark matter

Low energy window 1s now filing
e ¢ Solar Modulated, ¢, = 500 MV )
 BESSOT | Secondary background is larger at low

— total
PSS 93 ~~~background energies than we expected

Bergstrom, Edjo, Ullio, 19999
Gaisser et al., 1999
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Higher energy (>10 GeV) Bump ?
Ullio, 1999

Outside the heliosphere to avoid solar
modulation

KincticE nergy, T; "r‘-" ) Precise measurement and calculation
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Balloons in hunt for cosmic rays

Williams Field, McMurdo, in Antarctica,
(S77-51, E-166-40), 5:56(UTC), Dec. 13, 2004
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Detector Improvement
BESS-Polar | =BESS-Polar |l
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End of BESS-Polar |l Flight

Flight termination January 20, 2008 ~30 days D WK | Aooi sseis
Location 83 ©51.23" S, 73°5.47" W :" p South-Pole (68ekm

On West Antarctic ice sheet - 225 nm from Patriot Hills mlé!:i,mm»
Camp, 185 nm from AGO-2, 357 nm from South Pole

Data successfully recovered February 3, 2008! B 1090k




End of BESS-Polar |l Flight

Flight termination January 20, 2008 ~30 days
Location 83 € 51.23" S, 73°5.47" W

On West Antarctic ice sheet - 225 nm from Patriot Hills
Camp, 185 nm from AGO-2, 357 nm from South Pole

Data successfully recovered February 3, 2008!



‘ BESS-Polar | ‘

‘ Total Float Time 8.5 days 29.5 days ‘
‘ Observation TIme 8.5 days ‘
‘ Recorded Event 900 M ‘
‘ Recorded Data Size 2.1 TB 13.5TB ‘
‘ Trigger Rate 1.4 kHz 2.4 ~ 2.6 kHz ‘
‘ Live Time Fraction 0.8 0.77 ‘
‘ Altitude 37 ~ 39 km 34 ~ 38 km ‘

Air Pressure 4 ~5g/cm2 4.5~ 8 g/cm2



BESS-Polar |l Performance

1/8 vs Rigidity
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Kinetic energy (GeV)

Spectrometer - <130 um resolution, MDR 266 - 281 GV
Quter TOF - 120 ps
Middle TOF - 280-380 ps
Aerogel Cherenkov - 11.3 pe, 6800 background rejection factor

Data Acquisition - 2.5 kHz event rate, no onboard event selection, 82% live
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BESS-Polar & AMS, PAMELA® EE 8
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PAMELA

. 24 PAMELA
BESS-Polar Il is the most sensitive balloon-bornt

magnetic rigidity- spectrometerto-~4-GeV

1 10
Kinetic Energy (GeV)

Higher sensitivity than PAMELA (3 yrs shown)
Exceeds AMS-02 at low energy due to orbit

Acceptance  Flight Time  Latitude Altitude Launch

(m2sr) (km)
AMS 0.5 3 years <51.7 280~500 ~2010
PAMELA 0.0021 3-6 years <70.4 350-600 2006

BESS-Polar ll 0.3 24.5 days > 75 36 2007
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BESS

__‘l Balloon-borne Experiment with
/‘ a Superconducting Spectrometer
Since 1993

BESS-Polar

| TOF Counters

Solenoid

JET chamber
Inner DC

Middle TOF

Silica Aerogel
Cherenkov

TOF Counters

Comment of e+/e- detection possibility

AMS-01

TDF Honeycomb Support

— E"e'gﬂ P&rtu:le Shmu / “1 Tracker Thermal
e «+ Bars and Hybrids

TOF Scintillator Counters T
TOF electronics ™

TOF Photomulipliers ' P
= J;' zgl ] j Silicon Wafers
TOF support feet __' I//;;
Si Ladder Foam — 1= ;f — Tracker Support Feet
Support
Electronics Boards = ;rackefq Honeycomb
TR Uppa
Electronics Crates | /I Monitoring and
Removable Crate | K Ceniral Computer
Caners Ll,{ > ACC Counters

NdFeB Permanent
Magnet

=L =]
3 e : “T"I"'w ,/,-""; i,
J%f ]f e il ACC Photomutipliers
Cherenkov Support /'< 3 ernge st
Feel Cherenkov Honeycomb
Support

BESS-Polar and AMS-01 have no detector for e/m separation except Aerogel Cherenkov

Counter (up to only a few GeV).




Bremsstrahlung

vertex Ny

Conversion

vertex \

A Z
@B
Secondary
positron /
Left Middle

Primary
positron
Photon TOF
Tracker
Secondary
electron TOF

Right

e+/e- detection of AMS-01

AMS-01 has demonstrated positron detection
with 3-track events by blemsstrahlung+
conversion pair up to 50 GeV.

[PLB 646(2007) 145]

In priciple BESS-Polar can separate e+/e- from
m/p backgrounds with the same method.




3 track event in Polar-l data

Low energy region : e/m separation with Aerogel Cherenkov Counter(ACC)

High energy region : e+- pair creation from brems y

o seldst.root
BESS POIar Event Time: 23.38.09.356 :
Run: 031 Event: 339129 (CC) Size: 4026 FADC: 3258 FEND: 736 Pre-selection UL
Trigger: 000111111 JET: 124 IDC: 6 UTOF:1 MTOF:3 LTOF: 3
| Number of long track NIOngTK >= 1
Expected hits in JET Nexpect >= 32

X hit position in TOF X1yl < 79mm

Z hit position in TOF [Z1ku | <490mm
Hits in UTOF Nyror = 1
it 035 Hits in LTOF N 1o >= 1
;’:: éiﬁ, Zenith angle cos6,_ .. > 0.9
1t 1.0177.008

Estimation of atmospheric secondaries is very
Important. To select the event observed in same
o 05m residual atmosphere, zenith angle cut

is performed.

Event with 3-track by S.Haino



Expected Positron events with Polar-2

Acceptance estimated by Polar1 MC PAMELA positron fraction (as Reference)
| Acceptance -
‘e 0.3
o 501 =
NE - __:: J;ui; 0.2F i
fab A== S +
E‘awf_ _,_“+ BESS : Electron 2 o1 —1— -
< r BESS : Positron c ]
SRS ‘é
F PAMELA: design value S |
E ‘Eu.uz— \_
0 1I[}1 lJ2I[]IIllﬂ«lﬂjIJl-fllllilllj15Jtilljlll:'plt_'ll
Energy (GeV)
D.D11 10 - I'Ililllii:l
/ Energy (GeV)
Expected positron events with Polar-2
(1.6x10° sec live time) 28-42GeV : ~60 events

10-20 GeV (Flux ~ 3x103 [m?sr sec GeV]') : ~160 events
20-50 GeV (Flux ~ 2x10* [m?sr sec GeV]'): ~40 events



AMS-01

e Flew on Shuttle-91 in June
1998

e Antihelium/helium limit in
rigidity range 1-140 GV/c:

1.1 x10°6
1
10 ¢
H ‘ mb %
oneyco
g . §§ ié §f
g o -2 % é
Computers @ 10 { {
E
x
=
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S 3
© 10 ¢
o : @
€ O BESSYY
<
-4
10 3 A i PR SR TR T S S |
10 1

E, (GeV)

3 0. The AMS antiproton flux measurement in comparison with BESS [70]
Aguilar et al., Phys. Reports. 366 (2002) 331
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Discovery
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Anticoncidence system

Multiple particles rejection

Si-W Calorimeter

* Imaging Calorimeter :
reconstructs shower profile
discriminating e*/p and p/e-
at level of 10-%~ 10-°

- Energy Resolution for e*
AE/E = 15% / E'/2,

- Si-X / W / Si-Y structure
22 W planes
- 16.3 X,/ 0.6 |,




=)

—2
i Past, present and future experiment =7
L/" Fisca utea Tor Vergata
MASS-89. 91, TS-93 PAMELA
CAPRICE 94-97-98
SIRAD

9 M 91 TS 93 Cc 94 C97 (Co98 PAMELA
P @) © O © @O <
) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 ...
— — LAZIO-SIRAD
NINA-1 NINA-2 “
¢
TSLEYES . sieves SILEYE-3 ALTEA

SILEYE-3/ALTEINO: N M S| EYE-4/
2ILo e  ALIENL. LAZIO-SIRAD = 5| TEA

SILEYE-1 SILEYE-2



* PAMELA flight model before
delivery to Samara, March 2005

e PAMELA launched into orbit
June 15, 2006 from Baikonur,
rides on a Russian Resurs
satellite.

/1 degree near-polar elliptic
orbit, 300 to 600 km. Expected
minimum 3 years lifetime.

e Normal Operation, taking data.



Flight data: 92 GeV/c

positron

ND

ARSI

ND




Sit =

=

MO LN
Tracker

av Flight data 84 GeV/c
53 e ——— interacting antiproton

Tracker
Y S Ty i e




0.4
0.35
0.3

0.25

0.15

Current status of Antiproton-Proton Ratio

Donato 2001 (D, $=500MV)
Simon 1998 (LBM, $=500MV)
Ptuskin 2006 (PD, $=550MV)

® PAMELA

-----

10
kinetic energy (GeV)

10°

@ rSPD OO0 4P XK

IMAX 1992
BESS 2000
HEAT-pbar 2000
CAPRICE 1998
CAPRICE 1994
BESS-polar 2004
MASS 1991
BESS 1995-97
BESS 1999
PAMELA

10
kinetic energy (GeV)

10°



Pamela Positrons

o Till August 30" about 20000 positrons from 200 MeV
up to 200 GeV have been analyzed

* More than 15000 positrons over 1 GeV

* Other elght months data to be analyzed
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Supersymmetric neutralino cannot
explain the data. (Majorana particle) no

hard positrons directly (helicity 0.2 g SENEREE R
suppression of light fermions in the : TR,
annihilation process) s
.1 F =1
‘Better a Dirac particle, or a spin-1 | : |
particle like Kaluza-Klein dark matter \< 7 I - ]
‘Photons radiated from charged virtual e | %\\ | J J
particles (“virtual” internal bremsstrahlung = E-%
(IB), or direct emission) can have a S e ; g
significant impact on the resulting 0 1| ==mmeeee BME(m=T2GoV) \““\-;\ |
gamma-ray spectrum, leading not only to o BMS3 (my=233 GeV) e -9 &
an even more pronounced cutoff, but also ; e :
to clearly observable bump-like features YO TP e R T S

at slightly lower energies £, (GeV]

very large boost factors are needed.

FIG. 3: The solid line is the expected flux ratio et /(et +¢7)

. as calculated following [.")'_)J. The data points are the com-
d Strong _enhancement Can aISO be bined HEAT data [33] and the light shaded area roughly cor-
expected In the gam ma_ray ﬂux at 1‘(‘.\]‘)4»11(1.\ to tll(' (SO f;ll' llll])ll})li\h(-c[) l’_\_\““l,\ (];lt.'l [-l]. l“lll.'-
photon energies close to m neutral thermore, the expected flux ratio for our benchmark models is

shown without (dotted lines) and after taking into account ra-
diative corrections (dashed lines). See text for further details.



