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p Why No Antimatter?

Matter and antimatter were created in the Big
Bang. Why do we now see only matier except
for the tiny amounts of antimatter thatl we make
in the lab and observe in cosmic rays?
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Discovery of Antiproton

1955; E. Segre & O. Chamberlain
Lawrence-Berkeley Lab., Bevatron

BEVATRON
BEAM

10 FEET

XBD 9606-02963

Anti-proton detector used successfully
in 1955 by Segre's group. M indicates
bending magnets, Q indicates
focusing quadrupole magnets, S
indicates scintillation counters and C
indicates Cerenkov counters to
eliminate false counts
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XBD 9606-02964

Anti-proton detector, used by
Lofgren's group, analyzed the
beam from Segre's magnets. The
small Cerenkov counters
distinguished the anti-proton from
a meson, the large one registered
the annihilation of an anti-proton
with a proton.
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First annihilation star "Faustina" of an anti- proton found in film exposed by the
Segre group, 1955. Segre's group pressed forward with the scanning of emulsion
stacks in collaboration with a group under Edoardo Amaldi in Rome. The Rome
team found the first annihilation star, whose visible energy (the combined energy of
all ionizing fragments) amounted to above 826 MeV, an amount deemed
appropriate for an explosion initiated by an antiproton. (The preceding information
was excerpted from the text of the Fall 1981 issue of LBL Newsmagazine.)
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Cooling scheme

5.3 MeV antiproton from AD

l RFQD (Radio-Frequency
Quadrupole Decelerator)

~ 100 keV antiproton
l thin degrader foils

< 10 keV antiproton
MRT (Trap)

electron cooling
sub-eV antiproton

beamline P e l_
extraction of 10-1000 eV (... 20 keV) antiproton beam
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MCP signals

electrons & antiprotons
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Antihydrogen Production in Flight (PS210 experiment at LEAR)
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Blc WRIKRFEFDAEERL (2002, ATHENA collab.)
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Production of Cold Antihydrogen

ATRAP

PHYSICAL REVIEW LETTERS

rotatable

see Fig.2< 2 i
electrode

degrader

\center of nested
Penning trap (T7)

ionization well (PEB)

s layers of scintillating fibers

. FIG. 1. Overview of the trap and detectors. Antiprotons are
- loaded from below (left), into the trap electrodes below the
: rotatable electrode. Positrons are simultaneously loaded from
above (right) into the electrodes above the rotatable electrode.
:  formation is observed within the lower region detailed in the
: next figure.

B 20 nested trap
I 40
- gg ionization well |

e 100V/em 1O

antinydro
o -0

-0 1530
time (ms)

FIG. 2 (color). (a) Electrodes for the nested Penning trap.
Inside is a representation of the magnitude of the electric field
that strips  atoms. (b) Potential on axis for positron cooling of
antiprotons (solid line) during which  formation takes place,
with the (dashed line) modification used to launch ~— into the
well. (c) Antiprotons from  ionization are released from the
ionization well during a 20 ms time window. (d) No — are
counted when no are in the nested Penning trap.
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CPT-Symmetric Situation Not
Apple Anti-Apple Anti-Apple
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