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# QGW-v5.0 "M G EHR LM HKEENE
# . ¥ NE
# DOI: https://doi.org/10.5281/zenodo.19769373

#
import numpy as np

import matplotlib.pyplot as plt

# NESH

THETA_MAX = 0.65

LAMBDA = 1.0

V=1.0

BETA = 0.1

DT = 0.001

TOTAL_TIME = 100.0

STEPS = int(TOTAL_TIME / DT)

np.random. seed (42)

# A

rigid_layer_R = np.random.rand(1000)

phi = 0.5

theta = 0.0

phi_history, theta_history = [], []
potential_history, rigid_diff_history = [1, []

# B H ¥

def double_well_potential(phi, theta):

tc = np.clip(theta, -THETA_MAX, THETA_MAX)

return LAMBDA* (phix*2-V*x2)*%*2 + BETA*np.sin(tc)**2

def hamiltonian_flow(phi, theta):

dphi = -2*LAMBDA*phi* (phi**2-V**2)
dtheta = BETA*np.sin(theta)*np.cos(theta)
return dphi, dtheta



# EEH

for step in range(STEPS):

if step == 0: rigid_init = rigid_layer_R.copy()

dphi, dtheta = hamiltonian_flow(phi, theta)

phi += dphix*DT

theta += dtheta*DT

phi_history.append(abs(phi))

theta_history.append(theta)
potential_history.append(double_well_potential (phi, theta))
rigid_diff_history.append(np.linalg.norm(rigid_layer_R-rigid_init))

# %

plt.style.use(’seaborn-v0_8-darkgrid’)
plt.rcParams[’font.sans-serif’] = [’SimHei’]
plt.rcParams[’axes.unicode_minus’] = False
time_axis = np.arange (STEPS)*DT

final_phi = phi_history[-1]

fig, axs = plt.subplots(2,1,figsize=(7,5),sharex=True)

axs[0] .plot(time_axis, np.array(phi_history), ’b-’, linewidth=1.5, label=r’$|\phi(t
axs[0] .axhline(final_phi, c=’r’, 1ls=’--’, label=f’final: {final_phi:.2e}’)

axs[0] .set_yscale(’log’)

axs [0] .set_ylabel C 4% {E )

axs[0] .set_title("QGW-v5.0: EHFFHEEH L HEME)

axs[0] .legend ()

axs[0] .grid(1s=’--’,alpha=0.6)

axs[1] .plot(time_axis, potential_history, ’g-’, label=r’$V(\phi,\theta)$’)
axs[1] .plot(time_axis, rigid_diff_history, ’k--’, label=r’$\Delta\mathcal{R}$’)
axs[1] .axhline(2.3, c=’gray’, 1ls=’:’, label=’bound’)

axs[1].set_ylabel ("Rt & / £57°)

axs[1] .set_xlabel (’ At [d]7)

axs[1] .legend )

axs[1] .grid )

plt.tight_layout ()
plt.savefig(’QGW_v5_axiomatic_result.png’,dpi=300,bbox_inches=’tight’)



plt.show()



