Abstract

Fermilab operates the world’s most intense source of antiprotons.
Experiments have been proposed that can use those antiprotons
either parasitically during Tevatron Collider running or after the
Tevatron Collider finishes in about 201 1. We summarize the physics
goals and potential of the proposed experiments.
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® H-in-flight CPT test feasible: : ' -
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We propose an experiment to measure the Lamb shift and fine structure (the intervals 2s,,—2p,, and
2p1»—2psp) in antihydrogen. A sample of 10 000 antihydrogen atoms at a momentum of 8.85 GeV/c suffices X(3940) | 7?7 394219 DD’
to measure the LLamb shift to 5% and the fine structure to 1%. Atomic collisions excite antihydrogen atoms to

states with n=2; field 1onization in a Lorentz-transformed laboratory magnetic field then prepares a particular Y(4008) - 4008165 Jig T
n=2 state, and 1s used again to analyze that state after it 1s allowed to oscillate in a region of zero field. This X(4160) | ?7* 4156127 D' D’
experiment is feasible at Fermilab. [8_0556—2821(98)04711-0] Y(4260) 1~ 4259 4284 4247 S . Jip 00w KK
® Interferometric H gravity test: A direct limit Y(4350) | 1~ | 4324, 4361 w(@s) T
Z*(4430)| 7?7 443345 Y(2S) m*

- simple solution to missing antimatter & dark energy: Y@620) | 1- | 4464213 w8 T

—> could matter & antimatter repel gravitationally?

D*D cross-section estimate (after E. Braaten,

M Phys. Rev. D 77, 034019 (2008))
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- more generally, quantum gravity can have scalar & vector
terms as well as tensor
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- measurement feasible with proven technology (trapping, = >0 events producea EZ: / N

atomic interferometer) - charm mixing: new physics? ..
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p Potential world’s-most- ..
sensitive measurement

- goal: determine € first to 10~ (gratings), then 10~ (lasers)
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p First test of Equivalence Principle for antimatter
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