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The Hallucination Trap

Generative models fall into a hallucination trap when translating blurred physics:

1. Physical Ambiguity 2. Alien Inputs (Epistemic)
(Aleatoric)

Guessing with confidence off the training manifold.

A falsely confident average where the astrophysics is

genuinely degenerate.



Capturing Aleatoric Ambiguity: Quantile Head

Single Object Reconstruction
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» We predict a distribution, not a spectrum: 5 quantiles per pixel, trained with the pinball loss.

» 5quantiles: [5%, 25%, 50%, 95%, 99%]



Capturing Aleatoric Ambiguity: Quantile Head

o ‘Wavelength-Resolved Calibration (N=6,550 Test Stars)

- T = 0.05 — T =0.25 - T =0.50 —_— T =0.95 —_— T = 0.99

= 100
<Q
]
O 80%
©
| .9
]
3 60%-
&)
8 40% -
=
o
£ 20%-
w

0%

4000 5000 6000 7000 8000 9000
Wavelength [A]



Capturing Aleatoric Ambiguity: Quantile Head

_Wavelength-ResoIved Calibration (N=6,550 Test Stars)
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Capturing Aleatoric Ambiguity: Quantile Head

_Wavelength-ResoIved Calibration (N=6,550 Test Stars)
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Capturing Aleatoric Ambiguity: Quantile Head

Wavelength-Resolved Calibration (N=6,550 Test Stars)
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Capturing Aleatoric Ambiguity: Quantile Head

_— ‘Wavelength-Resolved Calibration (N=6,550 Test Stars)
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What the Band Found: The Weather & The Metals

Uncertainty Band Width: Mapping Physics and Weather.
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» The band widens where Gaia stops constraining the answer.

» Asmooth Gaia curve might hide a sharp SDSS line, or it might just be empty. The uncertainty blows up to cover both

possibilities.



What the Band Found: The Weather & The Metals

Uncertainty Band Width: Mapping Physics and Weather.
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» The band widens where Gaia stops constraining the answer.

» Asmooth Gaia curve might hide a sharp SDSS line, or it might just be empty. The uncertainty blows up to cover both

possibilities.



What the Band Found: The Weather & The Metals

Uncertainty Band Width: Mapping Physics and Weather.
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» The band widens where Gaia stops constraining the answer.

» Asmooth Gaia curve might hide a sharp SDSS line, or it might just be empty. The uncertainty blows up to cover both

possibilities.



What the Band Found: The Weather & The Metals

Uncertainty Band Width: Mapping Physics and Weather.
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» The band widens where Gaia stops constraining the answer.
» Asmooth Gaia curve might hide a sharp SDSS line, or it might just be empty. The uncertainty blows up to cover both

possibilities.



Capturing Epistemic Ambiguity: Deep Ensemble

The model knows what it has never seen
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» 5identical models trained only on stars with different random seeds.

» Model disagreement defines the epistemic uncertainty.



Capturing Epistemic Ambiguity: Deep Ensemble

The model knows what it has never seen
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» 5identical models trained only on stars with different random seeds.

» Model disagreement defines the epistemic uncertainty.



Capturing Epistemic Ambiguity: Deep Ensemble

The model knows what it has A quasar — an object the model has never been shown
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» 5identical models trained only on stars with different random seeds.

» Model disagreement defines the epistemic uncertainty.



Capturing Epistemic Ambiguity: Deep Ensemble
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» 5identical models trained only on stars with different random seeds.

» Model disagreement defines the epistemic uncertainty.



Capturing Epistemic Ambiguity: Deep Ensemble

The model knows what it has A quasar — an object the model has never been shown
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» 5identical models trained only on stars with different random seeds.

» Model disagreement defines the epistemic uncertainty.



The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP

Blue Mg b feature Red
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The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP
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The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP
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Shape-normalized flux
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The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP Mg b measured directly from the spectrum
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The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP Mg b measured directly from the spectrum
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Shape-normalized flux

The Payoff: The Mg b Resolution Trap

R . Mg b measured directly from the spectrum
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Shape-normalized flux

The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP Mg b measured directly from the spectrum
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The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP

Blue Mg b feature Red
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» The limitation is the spectral representation — not missing Mg information

Mg b measured directly from the spectrum
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The Payoff: The Mg b Resolution Trap

Why Standard Mgb Fails in Gaia XP Mg b measured directly from the spectrum
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» The limitation is the spectral representation — not missing Mg information MAE: 3.11 — 0.50 A



