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Why do we search for anti-matter ?

e Matter-Antimatter symmetry ?
— Subatomic exp.: Not exactly but almost symmetric.
— Astronomical obs.: Totally asymmetric.
 No established model to reconcile these two observations.
— No antimatter at all ?
— Antimatter domain is too faraway ?
— Hidden in our neighbor ?
o Experimentally, anti-helium sugnal is clear.
— Doubly charged negative particle.
— Background is negligible (anti-He/He<10-12)



Cocmic Antiproton 7

Antiproton bomb of
"Milky Way Alliance'

Osamu Tezuka: "Amazing Three", (1965)



Events

10

10

10

10

10 E

Quest for
Anti-helium

since 1957

'‘No He candidate
N

7~
I|IIII|IIIIIIIIIIIIIlIIIIl

-15

-1 -0.5 0 0.5 1 15

R (1/GV)

He/He <6.8x107

Antihelium/helium flux ratio

[N
o

=
o

[N
o

=
o

10

10

10

He/He limit (95% C.L.)

Smoot et al. (1975)

Aizu et al. (1961) Evenson (1972)

Evenson (1972)
Smoot et al. (1975)

Badhwar et al. (1978)
Golden et al. (1997)

Buffington et al. (1981)

Ormes et al. (1997)*

T. Saeki et al. (1998)*

J. Alcaraz et al. (1999)

BESS (1993-2000)*

BESS Polar flight(Sensitivity)

*BI%S&} experiment

10

-1

1 10 102
Rigidity (GV)




The 1st Limit
on Cosmic-ray Antiparticles
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Finally, we would like to point out the following
conclusion. Namely, there has been no single case of
antiparticles among the observed stopping particles of
about 500 « particles, 300 (C,N,0), and heavier ele-
ments, and more than 1000 singly charged particles.
Even with a somewhat larger interaction cross section of
antiparticles, this will set an upper limit for the amount
of antimatter in the primary radiation at about 0.19,.



The BESS Spectrometer

A strong (1Tesla) and uniform field (+7%) by a thin solenoid (~4g/cm?)
*Tracking + Particle ID:

em=zeR (B-2-1)1/2

odE/dx ~ z2/ B2 f(B)

*E,=3.8 GeV for n=1.02 Aeorogel Counter
TOF Counter Pressure Uessel  TOF Counter
fieorogel Counter

Superconducting Coil
Cryostat -

JET Chamber

Inner Drift Chamber

Plastic Scintillator
Lead Plate

Plastic Scmhllatur / / \\Lead Plate
| Acrylic Chrenkov Couter  TOF Counter Acrylic Chrenkov Couter

2200 kg & 1200 W



Antiproton Spectrum
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Primary
&
Propagation

Moskalenko et al.:
Ap.J. 565 (2002) 280-296
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Solar Modulation

103§
o BESS
Charge sign dependence - O BESS
| B BESS
. 1074 F
Palarity Polarity 8 T
(qe)
Y ‘
Q. -
I
102 F
1960 ] 1990 10-6
Neutron intensity 0 1071

Annual Variation of p/p Ratio

97
99
00

E

Bieber et al., 1999
109, (+) ~ 1997
solar min. at positive phase
709, (+) ~ 1999

solar max. at positive phase
709, (-) ~ 2000

solar max. at negative phase

1

Kinetic Energy

10
(GeV)



T
[
|
|
L

Atmospheric

p/pbar S
@Mountain Altitude -

[ = ThisWork(74Zg/cm2)
L+ Sembroski etaJ(747g/cm22)

-
r» Kocharian et al(710g/cm?) q] 1
l o Kocharian et aJ(7lOg/cm2)

~ 2800 m o Kocharian et al(710g/cm?) —A

Kinetic Energy(GeV)

Proton FI ux(m'zs'lsec‘lGe\fl)

FIG. 2: Proton vertical flux (cos#. > 0.95) vs kinetic energy.
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FIG. 3: Antiproton vertical flux (cos#, > 0.84) vs kinetic energy.



Atmospheric Muon

@ Mountain Altitude

Preliminary
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Final Fantasy
@Antarctica

Long duration flight
2~3 weeks
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The BESS-Polar Spectrometer

BESS-2000 ...-mnerDrir- BESS-Polar

Chamber
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Pressure
Vessel &
Cryostat

Pressure TOF Counter

Vessel

Compact, Transparent, Solar Panel, Cryogen life



Basic Parameters of BESS-Polar

Acceptance

Material
Emin@TOA
Magnetic field
Weight

Power
Comsumption
Cryogen life

BESS-2000 BESS-Polar

0.3 0.3 maesr
18 4.5 g/cm?
200 100 MeV
1.0 0.8 tesla
2.2 1.4 tons
Li-battery Solar-panel
1200 600 W

5.5 20 days



Superconducting Coil : Key Technology

Challenge for coil thickness to be thinnest
1/3 in coil and totally ~1/2 including cryostat

Coil cross section
BESS

3.4mm

|




Full Dia. Model-1 (in 1/7 length)

Thickness: 3.3 mm

Material: ~1 g/cm?



A General Layout

Pressure Vessel

Power Control Unit

TOF Counters
Telemeter

Solar Panels‘
8—si1ded omni—directional

S~25m2, € ~17%



Technical flight at Sanriku
in May 2002
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BESS-Polar General Plan

2000/7 BESS-Polar Development Start

2002/5 Technical Flight for Solar Panel (in Japan)
2002/8 BESS-TeV in Lynn Lake

2003/3 BESS-Polar Spectrometer complete
2003/6 General Technical Flight (in Palestine, US)
2003/12 Flight Ready in Antarctica

2004/1 BESS-Polar; 1st flight

2006°7/1 BESS-Polar 2nd flight in Solar minimum



Summary

Antihelium search: Upper limit has been improved by a
factor104 in 40 years

— BESS is in the lead for the time being

Antiprotons: > 2000 have been collected in 20 years and we
now know that secondary production is the dominant source of
cosmic ray antiprotons

— The world wide "collaboraton" has clarified the general view
— BESS has played the leading role

Ultimate measurement at Antarctica is planned

— A new spectrometer is being developed



