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MANIFESTING THE INVISIBLE AXION AT LOW ENERGIES ~

Howard GEORGI, David B. KAPLAN ' and Lisa RANDALL *?
Lyman Laboratory of Physics, Harvard University, Cambridge, MA 02138, USA

Received 15 January 1986

We discuss the low energy properties of the invisible axion in an effective field theory language. We study the most general
model in which the strong CP problem is solved by a Peccei-Quinn symmetry spontaneously broken at a large scale. We
distinguish carefully between the model dependent derivative couplings of the axion associated with physics at the large scale,
and the model independent nonderivative couplings that derive from the QCD anomaly. The derivative couplings may include
flavor changing effects. The effects that produce a nonzers 8 and a long range force between baryons are included in the model
independent nonderivative couplings.
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TABLE II: @, bounds on |(k4)23,33| according to the
theory scenario (in parentheses) and the SN model.
Bounds assume f, = 10° GeV. The larger (smaller)

value quoted in each table entry refers to DD2Y (SFHoY).

k coupling ‘ nNB = MNsat ‘ np = 1.5 Nsat

(scenario) 30 MeV 40 MeV | 30 MeV 40 MeV

0.35 0.12 0.38 0.14
|(ka)23| (Sag,1) 0.15 0.061 0.097 0.052 O ( An" 2)

8.8 4.4 5.9 3.1
|(kA)33|(sag)‘ 8.9 4.8 ‘ 3.9 2.9 boond
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