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ionization : 1-1000 keV
theoretical calculations widely vary
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ASACUSA

. Atomic Spectroscopy
And Collisions
Using Slow Antiprotons

8 MUSASHI

onoenergetic UltraSlow
Antiproton Source
for High-precision
Investigations
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Kicker for stochastic cooling

[ e

Ir target 0.1 GeV/c
= 5 MeV \\
RFQD
LEBT (116 keV) \\:

MRT in SC solenoid
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Extraction beamline
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Pick-up for stochastic cooling ~ E'ectron Cooling

CERN AD ring

Antiproton Decelerator




Cooling scheme

5.3 MeV antiproton from AD

l RFQD (Radio-Frequency
Quadrupole Decelerator)

~ 100 keV antiproton g
l thin degrader foils §

< 10 keV antiproton
MRT (Trap)

electron cooling
sub-eV antiproton

beamline
extraction of 10-1000 eV antiproton beam
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Proton beam from PS : 27GeV

Threshold of antiproton production
Produced antiprotons at AD : 3.5GeV

AD beam : 5.3MeV

AD+RFQ :120-60keV

Extracted antiprotons

T : 1000-10eV

AD+RFQ+Trap
: < 100eV

electron cooling : <1 eV

Cooling of 1011
In energy !



MRT (Multi-Ring electrode Trap)
installed in 2.5 T magnetic field
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ET foil

30 mm

940 um

10~ Torr

Solenoid
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Antiproton Injection

p beam focused to
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Intensity (arbitrary)

Antiproton Injection : Cerenkov detectors

Degrader foils :5
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Tracking of annihilation position

Az ~ 20 cm
€ ~ 4%

Scintillator (track detector)
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Trapping and Accumulation of Antiprotons

cumulative count of p annihilation v.s. elapsed time
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A i Problem in extraction
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y /. Most of antiprotons
= annihilated against an
Extraction Electrode !
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Keys for efficient extraction

® Bore alignment

® on-axis electron injection (102 electrons)




\




Keys for efficient extraction

Bore alignment

on-axis electron injection (102 electrons)

radial size of antiproton cloud

® beam tuning: focusing p beam into the trap
® decompression of electron plasma

® electron ejection

® radial compression by rorating E field
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30 K p ~2x10%% cm-3
1.5 atm (achieved value)

Supersonic Jet po-d —_ 0.05%
. @0 = 10716 cm?

RT (300 K) N 13 -3
53 atm p ~3xX10*> cm

Gas-jet target

(design value)
pod = 0.3%

@ o = 10716 cm?

10° p = 102 p-atoms

Gas-jet : talk by V.L. Varentsov



Summary

9 We have decelerated 5-MeV p and cooled them
to sub-eV energies.
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9 Confinement of 1.2 Million p’s per AD shot.

9 Diagnosis and control of electron plasma and
antiproton cloud.

9 Slow extraction of antiprotons as a
monoenergetic beam at 250 eV.

9 Single-collision experiment to study capture
and formation process of antiprotonic atoms.
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Cheers!
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