arXiv:hep-ph/0502205 v1 22 Feb 2005

Some relations between hadron masses

T. Jacobsen Department of Physics, University of Oslo PB 1048 Blindern N-0316 Oslo, Norway

February 22, 2005

Abstract

The mass of some hadrons are reproduced in terms of the mass of the nucleon. A possible reason for emission of soft gammas is proposed.

PACS: 12.70.+q

During the last 4-5 decades, many new mesons and baryons have been observed [1]. In this note we show that some of their masses probably are related, and that some phenomenological formulas seem to reproduce some hadron masses fairly well.

According to the quark model, mesons are quark-antiquark systems qq̄. For each possible qq̄ combination, the minimum mass meson [1] is listed in Table I. In the following, masses are written in MeV/c^2.

Table I ū d̄ s̄ c̄ b̄ t̄ u π^0(135) π^+(140) K^+(494) D̄^0(1865) B^+(5279) d π^−(140) π^0(135) K^0(498) D^−(1869) B^0(5279) s K^−(494) K̄^0(498) ϕ(1020) D^−_s (1968) B^0_s (5370) c D^0(1865) D^+(1869) D^+_s (1968) η_c(2980) B_c(6400) b B^−(5279) B̄^0(5279) B̄^0_s (5370) B_c(6400) Υ(9460) t It is seen from Table I that

m(ϕ) + m(D_s) = 1020 + 1968 ≈ m(η_c), m(ϕ) + m(B_s) = 1020 + 5370 ≈ m(B_c), m(η_c) + m(B_c) = 2979 + 6400 ≈ m(Υ),

which suggest that the masses of some mesons are correlated.

The relation

m(N)/2π ≈ 150 MeV/c^2 ≈ m(π)

[2], which reproduces the mass m(π) of the pion in terms of the mass m(N) of the nucleon fairly well, corresponds to λ_c(π) ≈ 2πλ_c(N) where λ_c(π) and λ_c(N) are the the Compton wave lengths of the pion and the nucleon, respectively, which suggests a geometric relation between the two Compton wave lenghts.

By means of an extra factor (4π)^{n/2} on the left hand side of the mass formula above, [2], the trend of increase of mass along the quasi-diagonal ud̄, ds̄, sc̄, cb̄ in Table I is fairly well reproduced for n = 0, 1, 2, 3, i.e. (4π)^{0/2} m(N)/2π ≈ 150 ≈ m(π), (4π)^{1/2} m(N)/2π ≈ 530 ≈ m(K), (4π)^{2/2} m(N)/2π ≈ 1880 ≈ m(D), (4π)^{3/2} m(N)/2π ≈ 6660 ≈ m(B_c).

If also (4π)^{4/2} m(N)/2π ≈ 23610 ≈ m(bt̄) and by means of an extrapolation of the sums above, one might expect m(Υ) + m(bt̄) ≈ 9460 + 23610 ≈ 33070 ≈ m(tt̄).

By means of the ratio r = m/m(π) we measure the mass of some mesons in m(π)-units. r and the value of 2^kπ^{n/2} which for integer k and n gives the best fit to r are listed in Table II. Table II Meson I J^P r = m/m(π) 2^kπ^{n/2} η 0 0^− 547/140 = 3.91 2^2π^{0/2} = 4.00 K 1/2 0^− 497/140 = 3.55 2^1π^{1/2} = 3.54 ω 0 1^− 782/140 = 5.59 2^0π^{3/2} = 5.56 K^∗ 1/2 1^− 892/140 = 6.37 2^1π^{2/2} = 6.28 J/ψ 0 1^− 3097/140 = 22.12 2^2π^{3/2} = 22.26 Acording to this table, these mesonic masses are fairly well reproduced by the formula m ≈ 2^kπ^{n/2} m(π) in favour of some mutual relationship between these mesons.

While the mass differences between the non-strange, strange, double and triple strange baryons in the well known baryon decouplet is about 140 MeV/c^2, which is the mass of the pion, the baryons in the octet do not show the same differences. While the difference between the mass of the Δ(1232) and the mass of the nucleon is 290 MeV/c^2, the difference between the mass of the Λ(1115) and the mass of the nucleon is 175 MeV/c^2.

If every baryon heavier than the nucleon is taken to be an excited state of a nucleon, then the relative excitation energies would be important. In Tables III-IV we therefore compare the successive mass differences d with the smallest one for baryons with J^P = 1/2^+, and J^P = 3/2^+, [1], respectively.

Table III Baryon I J^P m d ≃ m − m(N) d/175 ≃ 2^{n/k} Λ 0 1/2^+ 1116 175 1.0 = 2^{0/2} Σ 1 1/2^+ 1197 255 1.4 ≈ 2^{1/2} Ξ 1/2 1/2^+ 1315 375 2.1 ≈ 2^{2/2} N 1/2 1/2^+ 1440 500 2.9 ≈ 2^{3/2} N 1/2 1/2^+ 1640 700 4.0 = 2^{4/2}

For these five J^P = 1/2^+ baryons, the mass difference d is for k = 2 and n = 0, 1, 2, 3, or 4, fairly well described by

d ≈ 2^{n/k} 175 MeV/c^2.

Table IV Baryon I J^P m d ≃ m − m(N) d/290 ≃ 2^{n/k} Δ 3/2 3/2^+ 1232 290 1.0 = 2^{0/3} Σ^∗ 1 3/2^+ 1385 445 1.5 ≈ 2^{2/3} Ξ^∗ 1/2 3/2^+ 1530 590 2.0 ≈ 2^{3/3} Ω^− 0 3/2^+ 1672 730 2.5 ≈ 2^{4/3}

For these four J^P = 3/2^+ baryons, the mass difference d is for k = 3 and n = 0, 2, 3, or 4, fairly well described by

d ≈ 2^{n/k} 290 MeV/c^2.

A J^P = 3/2^+ baryon with mass about 1308 MeV/c^2 corresponding to 2^{1/3} seems however to be missing according to this table. If such a baryon exists, it is possibly overlooked in the background below the J^P = 3/2^+ Ξ(1315) peak.

Table V shows the ratio R = m/m(N) for some baryons with mass m and F -values defines by the formula

F = (1 + 1/n)^2

for integer 0 < n < 12.

Table V

Baryon I J^P R = m/m(N) F = (1 + 1/n)^2 Λ 0 1/2^+ 1116/940 = 1.19 (12/11)^2 = 1.19 no baryon seen at 1137 corresponding to (11/10)^2 = 1.21 no baryon seen at 1160 corresponding to (10/9)^2 = 1.23 Σ 1 1/2^+ 1197/940 = 1.27 (9/8)^2 = 1.27 Δ 3/2 3/2^+ 1232/940 = 1.31 (8/7)^2 = 1.31 Ξ 1/2 1/2^+ 1315/940 = 1.40 (7/6)^2 = 1.36 Σ^∗ 1 3/2^+ 1385/940 = 1.47 (6/5)^2 = 1.44 N 1/2 1/2^+ 1440/940 = 1.53 (5/4)^2 = 1.56 Ω^− 0 3/2^+ 1672/940 = 1.78 (4/3)^2 = 1.78 Λ 0 5/2^+ 2110/940 = 2.24 (3/2)^2 = 2.25 uncertain 3800/940 = 4.04 (2/1)^2 = 4.00

In the region between Λ(1115) and Σ(1190), two non-observed baryons are expected to exist according to this formula, as seen from Table V. If their widths are large enough, they might have been taken to belong to the background in this region. While the geometric constant π is needed for the reproduction of mesonic masses, π is not needed for reproduction of the baryonic masses. The formula m ≈ F m(N), thus reproduces some baryonic masses as if these baryons belong to a common chain. It is interesting to note that for F → 1, i.e. for decreasing mass m, the density of states increases and tends to appear as a continuum, contrary to e.g. hydrogen atoms where continuum appears for high excitations. For large n-values corresponding to a Q-value Q < m(π)c^2, i.e. too small for emissions of a pion, only γ emission would be energetically possible. Since final state non-Bremsstrahlung soft γ’s have been observed in high energy pp reactions [3], such emission is a candidate for γ decay of large n baryons. Emission of non-Bremsstrahlung soft γ’s has also been observed in high energy K^+p-reactions [4, 5], π^+p-reactions [5], and in π^−preactions [6, 7, 8]. This suggests that not only nucleons but also mesons may be excited to energy levels too low for mesonic decays.

In summary, based only on the mass of the nucleon, some relations are found which reproduce some hadronic mass values fairly well. A possible reason for emission of soft gammas in hadron-proton collisions is proposed.

Acknowledgement

Discussions with K.M. Danielsen, University of Oslo, Norway, is greatefully acknowledged.

References

[1] Review of Particle Physics, Phys. Lett. B592, (2004) 1-1110. [2] T. Jacobsen, University of Oslo, Dept. of Phys. Report 81-31, and CERN EXT-2001-051.

[3] A. Belogianni et al., Phys. Lett. B548, (2002) 129, and refs. therein. [4] P.V. Chliapnikov et al., Phys. Lett. B141, (1984) 276. [5] F. Botterweck et al., Z. Phys. C51, (1991) 541. [6] S. Banerjee et al., Phys. Lett. B305, (1993) 182. [7] A. Belogianni et al., Phys. Lett. B408, (1997) 487. [8] A. Belogianni et al., Phys. Lett. B548, (2002) 122.