Experiment E325 at KEK 12-GeV PS

Study of Chiral Property of Dense Nuclear Matter through 

Measurements of Meson Mass Modification in Medium.

In the North Hall of KEK 12 GeV-PS, there is a primary beam line called EP1B. Experiment E325 has been running there from1996 to 2002, spending about 3200 hours of beam time. This manuscript briefly describes the physics of the experiment and the status of the analysis.
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We know that 99% of hadron mass is originated from the spontaneous breaking of the chiral symmetry.  Such effective mass of hadron is determined in vacuum, and it is quite natural to expect that those masses will be modified when their circumstance is changed. The major scientific interest of E325 is to investigate the property of hadron (and then of quark) in a dense matter, naturally existing as nucleus.  The basic experimental concept is to measure vector mesons, which are produced and decay in a nucleus, through the invariant mass spectroscopy in the electron- positron pair channel.  Experimentally, to measure electrons, targets cannot be thick, but the branching ratios to the electron pair are as small as 1/1000. Consequently the experiment requires 109 proton/sec, bombarding the target as thin as 0.1% interaction length. The spectrometer, having a large acceptance as can be seen in the photo (Fig.1), was newly built at EP1B.
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Fig.2: Theoretical prediction of mass modification of vector mesons by Hatsuda et al. (left). Expected mass spectra of  and  mesons, for a proton target (above left) and a copper target (above right).

A theoretical guideline given by the QCD sum rule [1] is shown in Fig.2. Linear decrease of the meson masses as functions of density are predicted as a consequence of partial restoration of the chiral symmetry. Experimentally, those mesons are produced in a nucleus, and some fraction of them decay eventually in a nucleus and should show the in-medium property of the mesons as shown as the mass spectra in Fig.2. 

  From the earlier data we have reported the signature of in-medium modification of  and  mesons [2]. This was the first observation in the leptonic in-medium decay of vector meson at a normal nuclear matter density. Here, we describe our preliminary results from the data taken in 2002. Figure 3 shows the electron pair spectrum for carbon (left) and copper (right) targets. Free decay peaks of and are clearly observed. We have reproduced the mass shape with combinatorial background and the known hadronic sources as shown in the figure. The combinatorial back- ground was evaluated by the event- mixing method. In the lower panels of Fig.3, we show the spectra after subtracting the combinatorial back- ground. Significant excess can be seen on the low mass side of the  peak, as consistent to our previous publication [2].

Fig.3: Observed invariant mass spectra of 2002 e+e- data. The left panels are for the carbon and the right panels are for the copper target. The upper and lower panels are before and after the combinatorial background subtraction, respectively. Note that these tails are far beyond the typical background like a radiative tail.

  With these improved statistics, we are able to determine the free decay  ratio from the high mass tails of the spectra, as well as the excess/ratio from the lower mass tails. Surprisingly, the free decay  ratios are statistically consistent with zero for the both targets. Because most of will be decaying inside a nucleus due to their short lifetime, it is natural to consider the excess is mainly dominated by the  meson modification. Figure 4 shows the excess/ratio as functions of of the parents. It can be seen that the excess/ratio is smaller for the carbon target, and the ratio decrease as increase. 

The analysis is still in progress to provide the momentum dependence of the excess, i.e., a dispersion relation of the meson mass, and also on another key measurement, the spectral-shape modification for  meson. The physics behind those phenomena will be obtained when we finalize the analysis of all the data we have.
Fig.4 (Right): Excess/ratio as functions of of the parents. Note that the observed ratio for the copper target at the lower  is almost one, which is close to the known  ratio, unity, at this energy region in p+p interactions.
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Fig1: Top view of the experimental setup
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Cu target: With a tail due to in-medium decay. 








H2 target:


Decay in vacuum. 
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