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Electronic	Density	of	States	(eDOS) Phonon	Density	of	States	(phDOS)	

X-ray	Absorption	Near-Edge	Structure	(XANES)

Spectrum	properties	are	ubiquitous	across	
molecular	systems!DeepSciReasoner

Raman	Spectra



eDOS:	how	many	“slots”	are	available	
for	electrons	at	a	given	energy.

𝐷 𝐸 =
d𝑁(𝐸)
d𝐸

Determines	a	material’s	electrical,	optical,	magnetic,	
and	catalytic	properties.
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eDOS:	include	total	DOS	and	partial	DOS	(pDOS)

(1)	elemental	projections (2)	atomic	projections

Labels	missing	or	even	
unavailable!

Capture	it	in	an	
unsupervised	way
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Black-box	predictor	violates	physics:
• (1)	noise	(“ghost	states”)	in	band	gap
• (2)	post-hoc	correction	violates	total-state	conservation
• (3)	smeared/flattened	to	minimize	MSE/MAE

𝑓! 	(⋅)

Ground	TruthCoarse	Prediction

Total-state	conservation
Shifts	peaks;	not	flatten

Sweeps	ghost	states
Piles	up	to	other	bins
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Electronic	DOS:	very	hard	to	compute	in	practice

Schrödinger	Equation

Density	Functional	Theory

exp.	in	#	electrons

Very	slow;	days	to	weeks	for	systems	containing	hundreds	of	atoms
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• Structure-Aware	Sequence	Decoding

Source	Attention:	at	each	energy	level,	the	
model	attends	back	to	specific	atoms
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• Structure-Aware	Sequence	Decoding

Energy	Level	Embedding	+	Attention:	
models	the	spectrum	as	a	sequence	of	
energy	bins,	enabling	dynamic	contextual	
modeling	along	the	energy	axis.
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• Structure-Aware	Sequence	Decoding
• Black-box	predictor	violates	physics:
• (1)	noise	(“ghost	states”)	in	band	gap
• (2)	post-hoc	correction	violates	mass	conservation
• (3)	smeared/flattened	to	minimize	MSE/MAE

How	can	we	learn	the	correction?

Van	hove	singularity
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• Constraint-Preserving	Physical	Reasoning
	

• Normalized	DoS	can	be	viewed	as	1D	probability	density
• Mass	conservation	law	states	that

inflow outflow
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• Constraint-Preserving	Physical	Reasoning
	

• Model	the	temporal	evolution	of	normalized	DoS	under	the	
continuity	equation	(divergence	theorem):

Chen, et al. (2018)

Learning	the	probability	
transport!

𝒇𝜽(𝒙, 𝟎) 𝒇𝜽(𝒙, 𝒕)
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Infinite	satisfied	vector	fields!



• Constraint-Preserving	Physical	Reasoning
		

• Wasserstein-2	distance	[Benamou-Brenier,	2000]:

• W2	displacement	interpolation	(optimal	transport	map):

• Reference	vector	field:

Benamou	and	Brenier	(2000)
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• Constraint-Preserving	Physical	Reasoning

• Training:	

• Inference:

• Amortized	inference:

Song	et	al.	(2020);	Lipman,	et	al.	(2022)

Vector
Field

Network
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CalTech

Experimental	Results: eDOS	prediction

TRI



Experimental	Results:	XANES,	Raman,	&	phDOS

XANES-full XANES-O Raman

phDOS



Experimental Results: data scaling

Sample efficient!

Achieve the same 
performance 

using only 25% 
training data



Experimental Results: VB-gap identification

Better identify the sharp edges and gaps in 
valence band of eDOS!



Match peaks, sharp edges and gaps better!

Experimental Results: visualization



Thank you!

Check our paper for more details.
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