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Tensor glueball decay into nucleon-antinucleon
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Summary. — In the context of a chiral hadronic model, we compute the decay
ratio of a tensor glueball decaying into a nucleon and antinucleon compared to the
decay into 2 pions. Tensor meson dominance is assumed to also hold for the tensor
glueball in order to relate the coupling constants of the different decay channels.
We find that the decay width to nucleons is slightly larger than the decay width to
pions, but still in the same order of magnitude.

1. — Introduction

Glueballs, bound states made of only gluons, are one of the oldest predictions of Quan-
tum Chromodynamics (QCD) [1]. Various theoretical (e.g. [2, 3, 4]) and experimental
[6] works have made progress, yet their experimental status is not resolved [7, 6, 8, 9.
Different theoretical methods agree on the mass hierarchy of the lowest lying glueball
states, with the scalar (JT¢ = 0%1) being the lightest and the tensor (JF¢ = 2+)
the second lightest glueball. In this work, in the context of a chiral model described
in [10, 11], we will calculate the decay of the tensor glueball into a nucleon-antinucleon
pair, based on arguments used in tensor mesons dominance models. Different glueballs
have been studied before in hadronic models, such as the scalar glueball in [12] and the
pseudoscalar glueball in [13].

2. — Decay Amplitude

The decays of the tensor glueball were studied in the extended Linear Sigma Model
in [10], where the pp and K*K* channels were found as the dominant decays. Here,
we extend that model by coupling the tensor glueball to nucleons with the following
interaction term [14, 17]
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Fig. 1. — Feynman diagram for tensor glueball decay

where G, is the tensor glueball, N, N is the (anti- )nucleon field contalmng the proton
—

and neutron, i.e. N7 = (p,n), m is the nucleon mass, and 6” = oM — 8” Writing it out
explicitly and using the symmetry of G, we have the Feynman diagram in figure 1 and
associated matrix element:

2) Mlar,s) =288 e, (5, a)a(Rr, )y g v(Ks, 5),

with €, (p, @) the spin 2 polarization tensors, ﬂ(El,T),U(E278> Dirac spinors, and ¢ =
k1 — ko is the difference of outgoing momenta. Using the Casimir trick, the spin-averaged
modulus squared matrix element is

(3) 1MP = 2 (D25 e (0w (00”0 T [3# Ky — mr? (y +m)].

m

The polarization tensors fulfill the completeness relation [15]
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with the tensor A,, defined as
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(5) A;u/ = Guv —

with M being the mass of the tensor glueball, which we take from lattice QCD to be 2369
MeV [4]. It is useful to note early on that p-q = (k1 + kz) - (k1 — k2) = k¥ — k3 = 0 since
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it is the mass difference of the two daughter particles. This simplifies things because
any p,,p, from the completeness relation automatically gives 0. The amplitude squared
then becomes

’
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Using well-known trace identities for gamma matrices and contracting with ¢ we find
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which simplifies to
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Evaluating all dot products in the rest-frame of the tensor glueball the amplitude takes
the form

8 (9NN 2 4 2772 4
9) = (2) (3M* — 4m?? — 32m")

The decay width for a boson decaying into two nucleons is given by [16]
(10)

M2 2 2 /M2 2
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where the factor 2 counts the pp and nn modes. Note that 3M* — 4m2?M? — 32m* =
4(%2 —m?)(3M? + 8m?), and MT2 —m? = |ky|2, so the decay width is proportional to
|k_i|3. As expected for a P-wave decay like this one, the decay width is proportional to
ey |21 with [ = 1.

3. — Tensor Meson Dominance and decay ratio

We cannot compute the decay width without knowing the value of gyn. Although
this coupling constant is not known experimentally, assuming tensor meson dominance
[17] one has certain relations between couplings of different channels for the tensor meson
decays. We will assume these for the tensor glueball as well. The Lagrangian for the
decay of the tensor glueball to 2 pions is of the form [10, 11]

(11) Lorn = %Gwa“ﬁa”ﬁ,



4 A. VEREIJKEN

where @ = (7!, 72, %) refers to the isospin triplet. This Lagrangian leads to decay width
of the form

M /
i e K

where the factor 6 counts the isospin and identical particle factors. Tensor meson dom-
inance (TMD) states that the dominant contribution to the hadron energy momentum
tensor ©*" is the tensor mesons T#. Then, assuming tensor meson dominance leads to
the following identity [17]

2 T

m M’

which we will assume is also a valid approximation for the tensor glueball. This allows
us to calculate the decay ratio of G - NN /G — 77 as

F _
(14) GNN ~5.3.
FG7r7r

The decay ratio is large enough to be a relevant factor in the search for a tensor glueball.
In comparison to a chiral hadronic model [10] or a holographic model [18], the decay width
is lower than the 2-vector channel widths, but larger than the other channels. For example
compared to the dominant pp channel found in [10], the ratio is I'g,,/T'an s =~ 9.6. The
applicability of tensor meson dominance to the tensor glueball is not completely clear,
so it is at best an approximate result. However, as an order of magnitude estimation,
the outcome can be useful.

4. — Conclusion

In this note we have computed the tensor glueball decay ratio of the nucleon-antinucleon
and 2 pion channels. A speculative assumption of tensor meson dominance relations ap-
plying also to the tensor glueball has been made. The approximate result we obtained
for the decay into nucleon-antinucleon is larger than the 2 pion ratio but the ratio is
still of order 1. Compared to previous works it is not the largest decay channel found.
Nevertheless it could still be a fruitful process to investigate in glueball searches.



TENSOR GLUEBALL DECAY INTO NUCLEON-ANTINUCLEON 5

L S 3

The author acknowledges Francesco Giacosa and Shahriyar Jafarzade for useful discus-
sions. The author also acknowledges financial support from the Polish National Science
Centre (NCN) via the OPUS project 2019/33/B/ST2/00613.

REFERENCES

[1] F. Gross, E. Klempt, S. J. Brodsky, A. J. Buras, V. D. Burkert, G. Heinrich, K. Jakobs,
C. A. Meyer, K. Orginos and M. Strickland, et al. [arXiv:2212.11107 [hep-ph]].

[2] F. Giacosa, T. Gutsche, V. E. Lyubovitskij and A. Faessler, Phys. Rev. D 72, 114021 (2005)
doi:10.1103/PhysRevD.72.114021 [arXiv:hep-ph/0511171 [hep-ph]].

[3] F. Briinner, D. Parganlija and A. Rebhan, Phys. Rev. D 91, n0.10, 106002 (2015) [erratum:
Phys. Rev. D 93, n0.10, 109903 (2016)] do0i:10.1103/PhysRevD.91.106002 [arXiv:1501.07906
[hep-ph]].

[4] A. Athenodorou and M. Teper, JHEP 11, 172 (2020) doi:10.1007/JHEP11(2020)172
[arXiv:2007.06422 [hep-lat]].

[5] E. Klempt, K. V. Nikonov, A. V. Sarantsev and I. Denisenko, Phys. Lett. B 830, 137171
(2022) doi:10.1016/j.physletb.2022.137171 [arXiv:2205.07239 [hep-ph]].

[6] V. Crede and C. A. Meyer, Prog. Part. Nucl. Phys. 63, 74-116 (2009)
doi:10.1016/j.ppnp.2009.03.001 [arXiv:0812.0600 [hep-ex]].

[7] V. Mathieu, N. Kochelev and V. Vento, Int. J. Mod. Phys. E 18, 1-49 (2009)
doi:10.1142/50218301309012124 [arXiv:0810.4453 [hep-ph]].

[8] F.J.Llanes-Estrada, Eur. Phys. J. ST 230, no.6, 1575-1592 (2021) doi:10.1140/epjs/s11734-
021-00143-8 [arXiv:2101.05366 [hep-ph]].

[9] H. X. Chen, W. Chen, X. Liu, Y. R. Liu and S. L. Zhu, Rept. Prog. Phys. 86, no.2, 026201
(2023) doi:10.1088,/1361-6633 /aca3b6 [arXiv:2204.02649 [hep-ph]].

[10] A. Vereijken, S. Jafarzade, M. Piotrowska and F. Giacosa, Phys. Rev. D 108, no.1, 014023
(2023) doi:10.1103/PhysRevD.108.014023 [arXiv:2304.05225 [hep-ph]].

[11] S. Jafarzade, A. Vereijken, M. Piotrowska and F. Giacosa, Phys. Rev. D 106, no.3, 036008
(2022) doi:10.1103/PhysRevD.106.036008 [arXiv:2203.16585 [hep-ph]].

[12] S. Janowski, F. Giacosa and D. H. Rischke, Phys. Rev. D 90, no.11, 114005 (2014)
doi:10.1103/PhysRevD.90.114005 [arXiv:1408.4921 [hep-ph]].

[13] W. I. Eshraim, S. Janowski, F. Giacosa and D. H. Rischke, Phys. Rev. D 87, no.5, 054036
(2013) doi:10.1103/PhysRevD.87.054036 [arXiv:1208.6474 [hep-ph]].

[14] Z. G. Wang and Z. Y. Di, Eur. Phys. J. A 50, 143 (2014) doi:10.1140/epja/i2014-14143-5
[arXiv:1405.5092 [hep-ph]].

[15] A. Koenigstein, F. Giacosa and D. H. Rischke, Annals Phys. 368, 16-55 (2016)
doi:10.1016/j.20p.2016.01.024 [arXiv:1508.00110 [hep-th]].

[16] F. Giacosa and G. Pagliara, Phys. Rev. D 88, mno.2, 025010 (2013)
doi:10.1103/PhysRevD.88.025010 [arXiv:1210.4192 [hep-ph]].

[17] B. G. Yu, T. K. Choi and W. Kim, Phys. Rev. C 83, 025208 (2011)
doi:10.1103/PhysRevC.83.025208 [arXiv:1103.1203 [nucl-th]].

[18] F. Hechenberger, J. Leutgeb and A. Rebhan, Phys. Rev. D 107, no.11, 114020 (2023)
doi:10.1103/PhysRevD.107.114020 [arXiv:2302.13379 [hep-ph]].



