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Time-reversal symmetry is one of the most fundamental symmetries in nature. CP-violating phe-

nomena, which can be regarded as equivalent to T-violation on the basis of the CPT theorem, have

been observed in theK0 andB systems. The current upper limit for time-reversal (parityconserv-

ing) non-invariance was obtained through measurements of the total cross sections of a polarized

neutron beam incident on a Holmium target. However, any understanding of these measurements

at a fundamental level is difficult due to the complex nature of the nuclear target. The theoretical

interpretation of measurements with a polarized proton beam and a deuterium target would be

much cleaner. Measurements of such a kind were proposed to the COSY-PAC and first tests have

been done. The status of this experiment, as well as plans forimprovements, are here presented.
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The CPT theorem links together all three fundamental symmetries of nature. If one assumes
that CPT invariance is valid, it means that CP violation mustbe compensated by T violation. The
charge C and parity P symmetries, are both broken by the weak interaction. CP violation has
been studied in theK0 andB systems, but the strength determined here seems to be insufficient to
explain the apparent difference between matter and antimatter in the Universe, and hence our very
existence. It is therefore very important to study discretesymmetries to understand more about the
origin of the symmetry breaking.

The most established and precise test of CP violation is the search for a permanent electric
moment (EDM) of an elementary particle [1]. However, any such a discovery would mean the
simultaneous breaking of P-parity and T-time symmetries and thus, in order to get information
about the breaking of time symmetry, one has to use a theoretical model [2]. In this contribution,
a T-even P-odd test of T-invariance is discussed which, in conjunction with EDM measurements,
might help one to understand better the origin of symmetry breaking.

1. Current status of TRI tests

P-even TRI studies are usually detailed balance or P-A tests[3]. In such an experiment two
independently measured observable are compared, which is why the accuracy is limited to≈ 10−3.
Other tests of T-invariance involve studying the decays of nuclei or K0 mesons or the scattering
of neutrons from nuclei [4]. The current upper limit for time-reversal (parity conserving) non-
invariance was obtained through the measurement of the total cross section of a polarized neutron
beam incident on a Holmium target [5]. However, any interpretation of measurements carried out
with a complex nuclear target requires extensive modeling,which leads to some model dependence
in the extracted upper limit.

In order to improve the accuracy in the upper limit obtained from a scattering process involving
elementary particles by several orders of magnitude, it is necessary to perform a null experiment.
Here one single observable should be measured to a very high precision. Deviation from zero for
the selected observable would then indicate a violation of the symmetry being tested.

It was proven quite generally that there exists no null experiment to test time-invariance in a
reaction with two particles in and two out [6]. However, thistheorem does not apply to studies of
total cross sections and it has been shown that measurementsof the total cross section asymmetry
Ay,xz of vector polarized spin-half particles interacting with tensor polarized spin-one particles,
would be a true null test of TRI [7]. The principle of the measurements is illustrated in Fig. 1
and discussed extensively in Ref. [8]. More detailed analysis of this observable has shown that the
determination ofAy,xz in proton-deuteron collisions to 10−6 would allow to improve the upper limit
on time-reversal invariance by an oder of magnitude [9].

2. Test of Time-Reversal Invariance at COSY

At the COoler-SYnchrotron COSY-Jülich, a vector polarizedproton beam together with an
internal tensor polarized deuteron target can be used in themeasurement of theAy,xz dependence
of the total cross section [8]. COSY will be here used as both an accelerator and ideal zero degree
spectrometer. In order to determine the spin-dependent total cross section one needs to measure
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Figure 1: Principle of the TRIC experiment. A vector polarized beam ofspin-half particles interacts with a
tensor polarized spin-one target. (Picture is from Ref. [8])

the beam current loss as a function of time and then utilize the optical theorem to evaluate the total
cross section. This requires:

• A high intensity proton beam and thick polarized gas target.

• Long and stable beam lifetimes.

• Measurements of the beam current with a precision of 10−6.

3. Feasibility test

The first beam time for a proof-of-principle experiment and the measurement ofpp total cross
sections was taken in 2004. A detailed discussion of the results obtained can be found in Ref. [11].
Three main conclusions were drawn:

• A measurement of the total cross section using a beam-current transformer is possible.

• The Barghausen noise from the ferromagnetic core of the BCT does not allow one to reach
the desired precision in the existing measurement.

• Both beam intensity and target thickness must be significantly increased to reach the required
sensitivity to test time reversal invariance.

4. Possible improvements

There has been significant experience in recent years in the preparation of polarized beams for
internal and external COSY experiments. The continuous injection of a beam into the storage ring
increases the beam intensity and makes it possible to have experiments with a storage-cell target at
the ANKE or PAX experimental positions in the ring. Furthermore, the COSY low beta section,
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the atomic beam source, and the openable storage-cell, which is now available at the PAX station,
allow one to get much higher luminosities than before [12]. Therefore it is time to update the initial
TRIC proposal to reflect the current state of the art in this area.

In addition to higher polarized beam intensity and thicker polarized gas, there have also been
some developments in the technology of beam-current measurements. The design resolution cur-
rently available from the Bergoz New Parametric Current Comparator (NPCT) [13] is a factor of
two better than that of the BCT used at COSY. Furthermore, a new type of beam current transformer
is being developed for the FAIR injection lines. This uses SQUIDs for the readout of the tiny mag-
netic field from the toroid around the beam pipe [14]. A prototype of such a beam-measurement
device has been successfully tested and has shown a resolution of 0.25 nA.

Another approach might be to perform a TRI experiment with a bunched beam. In this case,
instead of using an active current transformer that is appropriate for measurements of the DC cur-
rents in an accelerator, one could employ an Integrating Current Comparator, which allows one to
reach a resolution of the order of 1 nA [15]. It was shown that it is possible to measure the intensity
of a stored beam to the level of 0.1 nA with this technique [16].

Due to development in electronics, the readout scheme of theTRIC experiment can also be
improved. Fast 24 bit ADC can be used instead of the voltage-to-frequency converter (VFT) as-
sumed in the initial design. This would lead to an improvement in the resolution in the beam current
measurement by a factor of ten. The replacement of the VFT by afast high resolution ADC, to-
gether with additional improvements in the time measurement, would result in a factor of ten better
precision in the beam current readout system.

5. Conclusions

Much experience in the operation of polarized beam and targets has been gained at COSY
since the initial TRI tests were performed. The low beta section, together with the openable storage
cell, available at the PAX position, allow one to reach luminosities sufficient to perform double-
polarized experiments and, in particular, to test time-reversal invariance at COSY.
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