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Abstract

Antiprotons have been stored in the ICE Storage Ring and held for
85 hours with the help of stochastic cooling. We set a limit of at least

32 hours for the antiproton lifetime (in its rest frame).
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We have performed an antiproton lifetime measurement storing E in the
2.1 GeV/c ICE ringl) and following the time evolution of the circulating beamz).
The motivations for these measurements, in spite of the p stability postulated
by the CPT invariance theorem, were:

1) the present experimental lower limit of 5 lifetime equal to

3)

1.2 x 107" seconds

2) cosmological models implying 15 = "few hours" “
- . .5

3)  the CERN p-p project requiring accumulation times of about 24

hours at 3.5 GeV/c.

Antiprotons for ICE were produced by 18 GeV protons from the CERN proton
synchrotron (CPS) impinging on a tungsten target. We tested the set-up with
2.1 GeV/c secondary protons from the target and then inverted the polarities ‘
of the transfer line (downstream of the target) and of the ICE ring for injection
of negatively charged particles. Injection was optimized by observing with
counters located along the ring, the flash produced on the first turn, mainly

by particles of momentum outside the ring acceptance.

Since other negative particles (r , U—, K ...) decay and electrons are
lost due to synchrotron radiation, only antiprotons will remain a few milli-

seconds after injection.

The number of circulating antiprotons was determined in a destructive way6)
by ejecting the beam onto scintillation counters and in a non-destructive way
by observing the signal induced on a "pick-up cavity" resonating at the 35th
harmonic of the revolution frequency. Stochastic cooling of beam size and
momentum spreadl) was used to practically eliminate beam decay due to multiple
Coulomb scattering on the residual gas and to reduce the momentum spread to ~
2 x 107° FWHM. With such a small dispersion the circulating particles could be
clearly detected by the cavity. Figure 1 shows the initial signal. The
narrow peak corresponds to about 240 circulating particles. After a rum of
85 hours the intensity had decreased to about 80 particles. This is consistent .
with the calculated loss rate due to single Coulomb scattering on the residual
gas (1079 Torr N, scattering equivalent). A similar run with protons, done
immediately after the p run, showed the same decay rate to within the experi-
mental error (v 20%). However, even neglecting the losses due to interactions
with the residual gas, our result gives a lower limit of the rest frame life

time equal to about 32 h.

An arrangement of lead glass shower counters for observing p decay products

was installed and tested during this run. Although with the lifetime limit
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now obtained and the present stored intensity, no significant number of events
could have been expected, we believe that this approach will eventually yield
a sensitivity better than the time evolution method, provided a substantially

larger number of particles can be stored in the ring. We plan to pursue these

studies in the near future.
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Figure Caption

Fig. 1

Signal induced in the resonant cavity bv the circulating p beam
(gbout 240 particles) about half-an—hour after injection into the
ICE ring. The horizontal coordinate shows the frequency, i.e. the
particle momentum; the vertical coordinate is = /n2Z+N where n is

the electronics noise and N is proportional to the particle density

versus frequency.
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