from astropy.io import fits
from astropy.table import Table
import numpy as np
import matplotlib.pyplot as plt
from roxy.regressor import RoxyRegressor

# Load GALAH DR4

fits_path = "C:/Users/russe/Downloads/galah_dr4_allstar_240705.fits"

with fits.open(fits_path) as hdul:
    data = Table(hdul[1].data)

print("Initial GALAH rows:", len(data))
print(data.colnames)

# Compute absolute magnitude

data = data[data["parallax"] > 0]
data = data[data["ruwe"] < 1.4]
data["M_G"] = data["phot_g_mean_mag"] + 5 - 5 * np.log10(1000 / data["parallax"])

# Fraction of stars removed by lithium quality flag for different metallicity cuts

summary=[]

for cut in [-1.3,-1.4,-1.5,-1.6,-1.7]:

    # Stars satisfying all cuts EXCEPT lithium quality
    pre_li = data[
        (data["parallax"] > 0) &
        (data["flag_sp"] == 0) &
        (data["flag_fe_h"] == 0) &
        (data["snr_px_ccd3"] > 30) &
        (data["logg"] > 3.65) &
        (data["teff"] > 5850) &
        (data["fe_h"] < cut)
    ]

    total_before = len(pre_li)

    good_li = pre_li[pre_li["flag_a_li"] == 0]

    fraction_removed = 100 * (
        total_before - len(good_li)
    ) / total_before

    summary.append({

        "cut": cut,

        "total_before": total_before,

        "N": len(good_li),

        "fraction_removed": round(fraction_removed,1)

    })

summary_df = pd.DataFrame(summary)

print(summary_df)

# Quality cuts

sample = data[
    (data["flag_sp"] == 0) &
    (data["flag_fe_h"] == 0) &
    (data["flag_a_li"] == 0) &
    (data["snr_px_ccd3"] > 30) &
    (data["logg"] > 3.65) &
    (data["teff"] > 5850) &
    (data["fe_h"] < -0.8) &
    np.isfinite(data["fe_h"]) &
    np.isfinite(data["a_li"]) &
    np.isfinite(data["e_fe_h"]) &
    np.isfinite(data["e_a_li_low"]) &
    np.isfinite(data["e_a_li_upp"])
]

print("Final warm metal-poor dwarf sample:", len(sample))
sample["a_li_err"] = 0.5 * (
    np.abs(sample["e_a_li_low"]) + np.abs(sample["e_a_li_upp"])
)
# Remove bad/nonpositive uncertainties
sample = sample[
    (sample["e_fe_h"] > 0) &
    (sample["a_li_err"] > 0)
]
print("Final sample after uncertainty cuts:", len(sample))

# Stars per data cut

counts = []

temp = data.copy()

counts.append(("Initial GALAH DR4 sample", len(temp)))

temp = temp[temp["parallax"] > 0]
counts.append(("parallax > 0", len(temp)))

temp = temp[temp["flag_sp"] == 0]
counts.append(("flag_sp = 0", len(temp)))

temp = temp[temp["flag_fe_h"] == 0]
counts.append(("flag_fe_h = 0", len(temp)))

temp = temp[temp["flag_a_li"] == 0]
counts.append(("flag_a_li = 0", len(temp)))

temp = temp[temp["snr_px_ccd3"] > 30]
counts.append(("snr_px_ccd3 > 30", len(temp)))

temp["M_G"] = (
    temp["phot_g_mean_mag"]
    + 5
    - 5*np.log10(1000/temp["parallax"])
)

temp = temp[temp["M_G"] > 1.5]
counts.append(("M_G > 1.5", len(temp)))

temp = temp[temp["logg"] > 3.65]
counts.append((r"log g > 3.65", len(temp)))

temp = temp[temp["teff"] > 5850]
counts.append((r"T_eff > 5850 K", len(temp)))

temp = temp[temp["fe_h"] < -0.8]
counts.append((r"[Fe/H] < -0.8", len(temp)))

filter_df = pd.DataFrame(
    counts,
    columns=["Filter Applied","Stars Remaining"]
)

print(filter_df)

def linear_model(x, theta):
    m, b = theta[:2]
    return m * x + b

param_names = ["m", "b"]
theta0 = [0.0, 2.2]
param_prior = {
    "m": [-5, 5],
    "b": [0, 5],
    "sig": [0, 1.0]
}

metallicity_cuts = [-1.3, -1.4, -1.5, -1.6, -1.7]

results = []

for cut in metallicity_cuts:
    fit_sample = sample[sample["fe_h"] < cut]

    xobs = np.array(fit_sample["fe_h"], dtype=float)
    yobs = np.array(fit_sample["a_li"], dtype=float)
    xerr = np.array(fit_sample["e_fe_h"], dtype=float)
    yerr = np.array(fit_sample["a_li_err"], dtype=float)

    print("\n==========================")
    print(f"[Fe/H] < {cut}")
    print("N =", len(fit_sample))
    print("==========================")

    if len(fit_sample) < 10:
        print("Too few stars for reliable fit.")
        continue

    weights = 1 / (yerr ** 2)
    coeff, cov = np.polyfit(xobs, yobs, deg=1, w=np.sqrt(weights), cov=True)
    m_wls, b_wls = coeff
    m_wls_err, b_wls_err = np.sqrt(np.diag(cov))

    print(f"Weighted fit slope: {m_wls:.4f} ± {m_wls_err:.4f}")
    print(f"Weighted fit intercept: {b_wls:.4f} ± {b_wls_err:.4f}")

    # ROXY fit

    reg = RoxyRegressor(linear_model, param_names, theta0, param_prior)

    opt_result = reg.optimise(
        param_names,
        xobs,
        yobs,
        [xerr, yerr],
        method="unif"
    )

    print("Optimise result:", opt_result)

    nwarm, nsamp = 1000, 3000
    samples = reg.mcmc(
        param_names,
        xobs,
        yobs,
        [xerr, yerr],
        nwarm,
        nsamp,
        method="unif",
        num_chains=2
    )

    print("Samples type:", type(samples))
    try:
        m_samples = np.array(samples["m"]).flatten()
        b_samples = np.array(samples["b"]).flatten()
        sig_samples = np.array(samples["sig"]).flatten()
    except Exception:
        try:
            m_samples = np.array(samples[:, 0]).flatten()
            b_samples = np.array(samples[:, 1]).flatten()
            sig_samples = np.array(samples[:, 2]).flatten()
        except Exception as e:
            print("Could not extract samples automatically.")
            print("Error:", e)
            print("Print or inspect samples object.")
            continue

    m_med = np.median(m_samples)
    b_med = np.median(b_samples)
    sig_med = np.median(sig_samples)

    m_lo, m_hi = np.percentile(m_samples, [16, 84])
    b_lo, b_hi = np.percentile(b_samples, [16, 84])
    sig_lo, sig_hi = np.percentile(sig_samples, [16, 84])

    p_negative = np.mean(m_samples < 0)

    print(f"ROXY slope: {m_med:.4f} (+{m_hi-m_med:.4f}/-{m_med-m_lo:.4f})")
    print(f"ROXY intercept: {b_med:.4f} (+{b_hi-b_med:.4f}/-{b_med-b_lo:.4f})")
    print(f"ROXY scatter: {sig_med:.4f} (+{sig_hi-sig_med:.4f}/-{sig_med-sig_lo:.4f})")
    print(f"P(slope < 0) = {p_negative:.3f}")

    results.append({
        "cut": cut,
        "N": len(fit_sample),
        "median_teff": np.median(fit_sample["teff"]),
        "median_logg": np.median(fit_sample["logg"]),
        "median_fe_h": np.median(fit_sample["fe_h"]),
        "m_roxy": m_med,
        "m_lo": m_lo,
        "m_hi": m_hi,
        "b_roxy": b_med,
        "b_lo": b_lo,
        "b_hi": b_hi,
        "sig": sig_med,
        "sig_lo": sig_lo,
        "sig_hi": sig_hi,
        "p_negative": p_negative,
        "m_wls": m_wls,
        "m_wls_err": m_wls_err
    })

    # Plot 

    xmin = np.percentile(xobs,1)
    xmax = np.percentile(xobs,99)

    x_fit = np.linspace(xmin,xmax,200)
    y_fit = linear_model(x_fit, [m_med, b_med])

    plt.figure(figsize=(7, 5))
    plt.errorbar(
        xobs,
        yobs,
        yerr=yerr,
        fmt="o",
        markersize=4,
        alpha=0.7,
        color="black",
        ecolor="gray",
        capsize=2,
        label="GALAH DR4 stars"
)
    plt.plot(x_fit, y_fit, "r-", linewidth=2, label="ROXY median fit")
    plt.xlabel("[Fe/H] (dex)")
    plt.ylabel("A(Li) (dex)")
    plt.title(
    f"A(Li) vs [Fe/H]\n[Fe/H] < {cut}, N={len(fit_sample)}"
    )
    plt.legend()
    plt.grid(alpha=0.3)
    plt.tight_layout()
    plt.savefig(f"roxy_fit_feh_{cut}.png", dpi=300)
    plt.show()

summary = []

for cut in [-1.3, -1.4, -1.5, -1.6, -1.7]:

    s = sample[sample["fe_h"] < cut]

    summary.append({

        "cut": cut,

        "N": len(s),

        "median_teff": round(np.median(s["teff"]), 0),

        "median_logg": round(np.median(s["logg"]), 3),

        "median_fe_h": round(np.median(s["fe_h"]), 3)

    })

summary_df = pd.DataFrame(summary)

print(summary_df)


print("Median uncertainty in [Fe/H]:", np.median(sample["e_fe_h"]))    
print(np.max(yerr))
print(np.median(yerr))

# Results

import pandas as pd

results_df = pd.DataFrame(results)
print(results_df)
results_df.to_csv("roxy_results_summary.csv", index=False)

