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Abstract

Heavy ion collisions are an important method to study the quantum chromodynamics. In the early stage of
relativistic heavy ion collisions, an extremely strong magnetic field is generated. The magnetic field will induce
novel phenomena such as the chiral magnetic effect. However, the magnetic field will decrease rapidly, so it is
difficult to measure its effect on the system. Charmonium states which are created by the initial scattering will
be affected by the magnetic field and carry the information about it. We use the two-body Schrodinger equation
with magnetic field to study the influence of the magnetic field on the charmonium state. The magnetic field is
introduced via minimal coupling and its effect breaks the conservation of momentum and the conservation of
angular momentum as well. The energy of the charmonium state depends not only on the magnetic field, but
also on the momentum of the charmonium, thereby leading the final charmonium yield to be anisotropic. For a
constant and homogeneous magnetic field, using the method of angular momentum expansion, we numerically
calculate the energy spectra of the charm quark bound states with different magnetic field strengths and total
momentum. The method is used to expand the three-dimensional wave function on the basis of different orbital
angular momentum and spin states whose wave functions are numerically calculated first. In the actual
calculation process, it is found that a good accuracy is achieved when taking n <2, | < 7. Furthermore, the
dependence of the Hamiltonian on the magnetic field and total momentum is analytically determined to be
H = Ho + (¢B)*>H1 + qBPys, 1 H>. Therefore, only the coefficient matrices H; and H: need to be numerically
calculated once and the Hamiltonian with arbitrary magnetic field and momentum can be determined. The
inverse power method is then used to find the lowest eigenvalue in the angular momentum space. Such a
numerical method significantly reduces the amount of calculation and still ensures the accuracy of the
calculation as well. The calculation results show that as the magnetic field and the total momentum increase,
the mass of the charm element increases. The increase of the mass can be as large as 20%, when we take
eB =20m? and P, = 1.8 GeV, which can be easily achieved in RHIC collisions. Therefore there should exist

significant magnetic effect on the J/¢ production in heavy ion collisions.

Keywords: bound state, spin, heavy particle collision, charm quark
PACS: 03.65.Ge, 21.10.Hw, 52.20.Hv, 14.65.Dw DOI: 10.7498 /aps.70.20210262

* Project supported by the Major Projects of Basic and Applied Foundation of Guangdong Province, China (Grant No.
2020B0301030008) and the National Natural Science Foundation of China (Grant No. 11905066).

1 Corresponding author. E-mail: guoxy@m.scnu.edu.cn

170302-7


http://doi.org/10.7498/aps.70.20210262
http://doi.org/10.7498/aps.70.20210262
mailto:guoxy@m.scnu.edu.cn
mailto:guoxy@m.scnu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

