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The mass systematics of hypothetical neutral objects in heavy-ion collisions and in e + + heavy-ion interaction are studied. 
I have a lot of nice memories with Gaja. Writing this paper, his figure is floating on my eyes and I hear his voice with his habitual expression, >>you see<(. I loved him and respected him because of his personality: sincerity, simplicity and cordia­lity. He was gone and his passing left me a deep sorrow. However, his presence will rest forever in my heart. His name will be left alive in the international nuclear physics community by virtue of the famous Alaga's rule and his other scientific achievements. After the discovery of narrow e+ peaks in heavy-ion collisions at Gessellschaft fiir Schwerionforschung, Darmstadt m. b. h. (GSI)u a number of related experi­ments have been performed at various institutions. Experiments by EPOS and ORANGE collaborations at GSI showed existence of several peaks2 -5 >. The EPOS group observed coincidence sum peaks of correlated e +e- pairs6 >. The la­test experimental results from the ORANGE group with a new coincidence appa­ratus provided a significant evidence for five sum peaks at 510±16, 640±10, 716±

± 10, 809±8 and 895± 10 keV7>. The scenario compatible with the results sofar obtained is creation of unknown neutral object and subsequent decay by emitting correlated electron positron pair with the same energy. Oak Ridge group reported an observation of electron and positron peaks at 335 and 345 keV, respectively in e +e- coincidence spectra in e + + Th inter­actions8'. These peaks were discussed in connection with those at GSI, because the energy coincides fairly well with one of the peaks observed at GSI. However., 
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it turned out later that this structure was the Compton edge of photons scattering off electrons in the positron detector 9>. We designed experiments of searching for a monochromatic electron peak at around 330 keV by using the INS large double­focusing electron spectrometer. In fact we observed a sharp line at 330.8± 1.0 keV with the experimental FWHM of 3.7±0.5 keV 1 0> in case of Th and U targets while we failed to find a peak structure in the case of Ta target. The recent experiments with a better instrumental resolution confirmed this line and furthermore gave an evidence for a 410±1 keV line with the experi­mental FWHM of 2.4±1.0 keV 1 1 ). As the energies of the 331 and 410 keV lines are close to those of the 640 and 809 keV sum peak of GS!, the phenomena observed in e + + heavy-ion interactions could be concluded to have a common origin with those observed in heavy-ion collisions. One of the explanations is that the collision of heavy-ions simply provides the positrons (the broad background), which in turn scatter off individual nuclei. The fact that the experimental line width is limited by the experimental conditions implies that the decay occurs essentially at rest so that the mass of the hypothetical object obtained by the energy of the electron peak must be the invariant mass. The life time was deduced by the experimental FWHM and found to be longer than 2. 7 x 10- 1 9  s. The energies of coincidence sum and singles electron peaks taken from the results of the ORANGE group at GSI and of the INS group were summarized in the second and third columns of Table 1 and the invariant masses deduced by the formulae : M = Esum + 2mc2 and M = 2E0 + 2mc2, where the first and secondformulae apply to the sum and singles peaks, respectively, were put in the fourth column. We postulate the peaks to be the excited states of an hypothetical object which would be an extended condensate, having an internal structure. This conjec­ture stimulated us to search for a regularity of the mass spectrum like in the case of baryon spectrum, where the mass formula J ex M2 is well known and the mass diagram is called Chew-Frautschi diagram. Close inspection of the mass spectrum disclosed a hidden mass formula : 

where L is the angular momentum. In the fifth column are listed M;xP (MeV3) and the relationship between L and M3 is presented in Fig. 1. It �hows a clear linearity. Supposing a linear relation L = a +  b M3, we determined the para­meters a and b by least squares fit. The results are shown in Table 2, where the fit I is the result using the GSI data while the fit II comes from the calculation based on the masses for L = 3 and 4 obtained at INS and the masses for L = 2and 5 obtained at GS!. The quantity r is the linear-correlation coefficient which is a measure of the degree of the linear-correlation. The 6th and 8th columns show the calculated M3 (MeV3) values based on the fit I and the fit II, respectjV'ely. The masses (keV) deduced from the calculated M3 are presented in the 7th and 9th columns. The deviations Mexp - Mcai are presented in the 10th and 11th columns separately according to the results from the fit I and the fit II, respectively. The experimental masses deviate from the calculated ones with a regular zigzag trend. This regularity may provide an evidence for the plausibility of the rule. 
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Fig. 1. Mass diagram. 

TABLE 2. 

L = a + bAI3 

a 

- 1 .222
II GSI + INS -1 .332

b 

0.875 
0.884 

Parameters of mass traiectory. 

o G S  I
• I N S

8 

7 
0.992 
0.994 

9 10 

The assignment of L to each excited state is based on the assumption that the ground state (L = 0) must be near 2mc2 ( 1022 keV). In fact the calculated groundstate energies are 1 1 18 keV and 1 147 keV for the case of the fit I and the fit II, respectively. The values near 2mc2 may justify the L assigmnent to the states. So far, we discussed the mass spectrum as a seties of excited states of a single kind of an object. However, it is quite possible that the object is an extended positron electron composite. If it was the case, the singlet 1S 0 and triplet 3S I states should be considered and can be expected to have series of excited states constructed on these different ground states which may correspond to even L and odd L series. Then, the zigzag trend above mentioned can be understandable as a natural con­sequence. 
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Now, the reason why the states of L = 0 and I have not been observed be­comes evident because the energies of decaying electrons or positrons expected from the mass rule are 48 r-,.J 63 and 17 1 ,..._, 1 80 keV, being too low to be detected 
by the experimental techniques so far used. To find these states, therefore, we must perform gamma-gamma coincidence experiments. The experiments for this pur­pose were carried out at Barkeley 1 2> and a sum peak was observed at 1062 keV 
which is close to the ground state energy calculated by the present rule. However, the line has been later identified as due to nuclear deexcitation 1 3>. It should be mentioned that we used four peak energies reported in Ref. 7 to construct the pre­sent mass rule. The energy of 7 16± 1 0 keV can not be included in the mass rule. 
If that peak really existed, it could not be excluded to have another kind of object with a different configuration. · Several papers 1 4 - 1 5 > discussed the phenomena in terms of a new strong­coupling phase of QED of which the features are similar to those of QCD, where the potential V (1·) o: r governs. Using V (r) ex: r, people succeeded in reproducing the experimental mass spectrum with an adjustable string-tension parameter 1 4• 1 7>. In this case the mean radius was obtained of order of 1 02 ,_, 103 fm. As the mass rule, J o: M2 of the baryon families results from the potential of V (r) o: r, we may postulate the potential for this unknown neutral object to be V (r) o: r2 be­cause of L o: M3 in the present case. The scale much larger than the nuclear scale might be accounted for by this rather shallow potential. The calculation with 
V (r) o: r2 has not been carried out up to the present. If the radius of the object were really that large, many bounds 1 9 • 2 0> imposed by the beam-dump experiments and others would become invalid or easily explained 2 1 > .In conclusion, we found the mass trajectory which results from the potential 
V (r) o: r2 • To reinforce the validity of the mass rule, we must investigate experi­mentally the existence of the 350 keV (L = I) and 1000 keV (L = 6) sum peakspredicted by the rule. On the other hand, it is urgent to construct theoretically a model consistent with the characteristic features dicussed in the present paper. Further investigations are waited. 
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SISTEMATIKA MASA HIPOTETSKIH NEUTRALNIH OBJEKATA U TESKOIONSKIM SUDARIMA I U INTERAKCIJAMA e+ + TESKI IQN
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Originalni znanstveni rad 

Proucavana je sistematika masa hipotetskih neutralnih objekata u teskoionskim sudarima i u interakcijama tipa e + + teski ion. 
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