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- Introduction o

At zero temperature, there 1s a phenomenon called magnetic catalysis (MC), where the order parameter of the chiral phase transition, the chiral condensate, increases with the
magnetic field strength [1].

*The behavior of meson masses and decay constants, especially for the neutral pion, 1n strong magnetic fields provides valuable insights into chiral symmetry dynamics. As a
Goldstone boson, the neutral pion's mass and decay constant are significantly affected by the magnetic field, shedding light on the impact of magnetic fields on QCD.

“*Charged mesons, such as pions and kaons, exhibit complex mass behaviors. At the lowest Landau level approximation, their mass typically increases with the magnetic field strength,
but recent studies have shown different trends at larger magnetic field strengths, where the masses decrease [2].

“*The sum of the up and down quark contributions to neutral pion correlators provides a lower bound for the mass of the charged p meson [3]. The condensation of p mesons 1s of
particular interest, as i1t could indicate a transition of the QCD vacuum to a superconducting state under a strong magnetic field [4].

<Farlier studies were conducted using a larger-than-physical pion mass, M ~ 220 MeV (cf. Ref. [2]). In this work, we perform lattice QCD simulations with the physical pion mass.
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Lattice setup | Results
In this study, Ny = 2 + 1 lattice QCD simulations are based on

Neutral meson masses of 7°, K°, ;7%

4+ Action: Highly improved staggered quarks and tree-level improved Symanzik action
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FIG. 4. Decay constants for the neutral pion and kaon, broken down by
As expected, we observed the phenomenon of magnetic catalysis at zero temperature, their respective flavor components (left), and the ratio of the kaon decay
where a magnetic field enhances chiral symmetry breaking. However, our continuum constant to the pion decay constants (right)."
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where M~'(X,7;0,0) is the staggered propagator from (0,0) to ()_c’, T) , and the phase The Lowest Landua Level (LLL), Mp(B) = \/(MPS(B - O)) +|eB].
factor {(77) = 1 for the pseudoscalar channel. For charged mesons, the masses of both pions and kaons initially increase with eB, but
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The temporal correlator decays exponentially at large distances 1, lim G(r) ~ Ae """, around eB =~ 0.6 GeV~, they plateau or decrease slightly. The lowest Landau level line
. . . 700 reveals a noticeable deviation in the masses at this point.
where A 1s the amplitude of the decay, and it is related to the meson's decay constant fi-
by A o Jr. - Conclusion -
To determine pseudoscalar meson masses and decay constants, we perform correlated . .. )
fits of temporal correlation functions, using a model that includes both non-oscillating v/ Magnetic catalysis is observed at zero temperatu%‘e up to e - 1.2 GeY ‘ |
and oscillating states. The optimal fit 1s selected via the corrected Akaike Information v/ The masses of neutral mesons decrease as eB increases, with heavier mesons being
Criterion (AICc) to prevent overfitting. The correlation function 1s modeled as[7]: less attected by the magnetic field..
N N v The decay constants of all mesons increase as eB increases.
G (1) = 2 Aposc i€ Mosei® — (= I)TZAOSC’ie‘MOSCaiT. v/ The masses of charged mesons deviate from the lowest Landau level at
i=1 i=0 . eB ~ 0.6 GeV?, with no further increase observed.
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