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I.  Why Am I Here? - Antiproton Options / Yesterday/Today/Tomorrow

II. Antiproton Capture at CERN (LEAR and AD)

III. Physics Program

(a) Antihydrogen (ATHEN A/ATRAP)

(b) Antiproton Magnetic Moment

(¢) Antiproton/Antihydrogen Gravity

(d) Ultra-Low Energy Source of Antiprotons

IV. Trapping Possibilities at Fermilab
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/ Principle of Antiproton Production in AD \

Antiproton_Production. sl
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AD DProject ar CERN

Antiproton Decelerator (AD)
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MACHINE CERN CERN
AC/LEAR | | AD

b3

Repetition Rate (pulses/minute) 3.2 / 30 ]
Antiprotons per hour 9x10° \ / 6 x 10%
Output Momentum 105 MeV/c 100 NMel /e
Output Energy (kinetic) 5.9 MeV 2.3 M ed
Mode of usage sfow/fast fast
extraction extraction
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TOTAL TRANSMISSION

16 - 60 KeV YIELD
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THE FOIL DEGRADING TECHNIQUE
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“Bverything’s a trap if yow’re not careful.”
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'OPEN END-CAP TRAPS

G. Gabrielse, L. Haarsma, S. L. Rolston
Int. Journal of Mass Spec. Ion Proc. 88, 319 (1988)
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- Fig. 2. Open-endcap Penning trap.
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KEY ISSUES:

TRAP CAN BE MEADE HIGHLY HARMONIC AT CENTER
AND RATHER LONG OVERALL

TRAP CAN BE “ORTHOGONALIZED”
(Cs Can be tuned to 0 without affecting C; (®,))
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LEAR CATCHING TRAP SET - UP
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HOW MANY PARTICLES CAN WE PACK
INTO A PENNING TRAP?

BASIC APPROACH:
(a) TRANSVERSE DIRECTION:

MAGNETIC FORCE qv x B HAS TO OVERCOME
ELECTRIC FORCE gE

(b) AXIAL DIRECTION

ELECTRIC FORCE HAS TO OVERCOME COULOMB
REPULSION (SPACE CHARGE)

single particle: W > \2 o,
> V., = 1200 BX(r,> + 2zﬁ)/\M
many particles: Vmax = Vext T Vispace charge | |
Dgc =-2/3  p (3’ +b.")
D> 0. =02 + [(©/2) - ©,%/2 - 4nqpa/3m]'?
yd N

single particle space charge shift

D> P <2.7x 10° B2 = 10" om™
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Current Status of CPT Tests

magnetic
moinent (g-2)

inettial mass
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ATHENA - Principal Steps
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- Annlhllatlon products S| Pad Detectors
- 511 keV Gammas: Csl crystals + Photodiodes
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2-Photon Laser Spectroscopy: AE (18-28): T = 125 msec

243 nm
243 nm
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Antihydrogen_Produciion.ai mhh 1998
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Recombination in Combined Penning Traps

B—»EE-;EE

Antiprotons

Electric
Potential
v

opposite
charge)

* Theoretical estimate for spontaneous radiative recombination (to low-n levels):
107 antiprotons, 10° positrons, 10 % overlap of plasma clouds, T = 1 K :

‘ ~ 9,000 anﬁhydrogen atoms / second I
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Lift Degeneracy

1st Six-Pole Magnet
Experimental Issues:
Production Rate u-Wave Cavity
Solid Angile .
State Separation
Signal/Noise [ ]an Six-Pole Magnet
Dopplerbroadening (T < 100 pk)
Field Inhomogeneities

Detector
t
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‘Gravitational Mass of Antimatter

Infinity E’@
-~ Clocks slow down in earth gravitational field
| (photon frequency redshift, Pound & Rebka 1962): J
AV = M o (10'9)
R-c? Earth

Matter (H) and Antimatter (H) clocks from infinity to the solar system (earth surface) .

- ANTIMA TTER CLOCK MAY SLOW DOWN DIFFERENTLY FROM MATTER CLOCK ¥
@ Check synchronlclty of H - H clocks with aviv ~10°15

as earth moves along its eccentric path around the sun (AU/U ~ 108 Y >
test equality of gravitational masses to 106

er.y,‘ﬂodlm‘ ope.
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Using thic tTrap vo
as \ .
source of PN
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(a) Ejecting slices from
the energy distribution << ljoz
<—

(b) Ejecting short pulses
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Collisions of Simple Atomic Systems

with Protons and Antiprotons
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— [t is just getting interesting !
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Using Antiprotons to probe the nuclear Peripherie

(Pn)
prompt: 2.013 MeV y; ~3.5 keV X-ray

’m Tya 4.536d  1.297 MeV
deltayed: Typ 3.42d  0.15% MeV

(fp}
prompt: 360 ke¥Y 7; ~ 3.5 eV X-ray

Oviayed: Ty, 1755 2013 MeV
detwpue: T, A5 d  1.297 MoV ~

Ti 3.42d 159 keV y
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¥2003

after W. P. Kells, Nucl. Instr. Methods A276 (1989) 117-121
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Enhancing the Capture efficiency

(Harald Enge, priv. Comm.)

Initial Degrader

8-12 MeV

Final Degrader

e Solenoid and Trap
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