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Abstract

We study the supersymmetric Q balls which decay at present and find that they create a distinctive spectrum of gamma rays at
around O(10) MeV. The charge of the Q ball is lepton numbers in order for the lifetime to be as long as the present age of the universe,
and the main decay products are light leptons. However, as the charge of the Q ball decreases, the decay channel into pions becomes
kinematically allowed towards the end of the decay, and the pions are produced at rest. Immediately, n° decays into two photons with
the energy of 67.5 MeV, half the pion mass, which exhibits a unique emission line. In addition, ©* decay into u*, which further decay with
emitting internal bremsstrahlung, whose spectrum has a sharp cutoff at 50 MeV. If the observations would find these peculiar features
of the gamma-ray spectrum in the future, it could be a smoking gun of the supersymmetric Q-ball decay at present.

1. What is the Q ball? 4. Photon spectrum (Galactic emissions

A Q ball is a kind of non-topological soliton, the energy minimum

configuration of the scalar field ¢ with non-zero charge Q.
Coleman, Nucl. Phys. B 262, 263 (1985). (i) 7™ — 2y 67.5 MeV line emission

(ii) Radiative m* & u* decay (Internal Bremsstrahlung)

Pions are produced at rest just after kinematically allowed.

|Spherical symmeftric profile + charge Q = The Q ball|
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Q balls can decay if there are couplings to lighter particles # of ¢-particles decayed during 47q Energy spectrum

which carry the same kind of charge. (Ao  civ: Decay period) (d]:lw B Al 7 d?tm’ d?m)
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Once the Fermi sea is filled, further decays proceed /
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the Q ball. Evaporation of the charge AQ Jag s z (1 + 7)
Cohen et al., Nucl. Phys. B 272, 301 (1985). .
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Q balls must be very large in order to decay at present. < 102} ] (From EGRET)
] L 0. i mys = 3MeV
Such large Q balls are only known fo form in supersymmetry (SUSY), "z .| i o = 0.3Mp
where the the scalar field ¢ consists of the combination of squarks > |K| = 0.02
and sleptons, and the charge Q should be the lepton humber L. f? o | Qo/€=1x107°
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(The electric charge neutrality conservation must be taken into account.) MeV gamma rays from the SUSY Q-ball Decay
; i balls decay NOW, and produce pions at rest
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[ : 67.5 MeV monochromatic line
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pE (from nt decay) emit [ If detected, it should be a smoking gun of SUSY Q balls. ]
Internal Bremsstrahlung (IB).
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