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Motivation

• Sampling from an unnormalized density, i.e. 
Boltzmann density, is foundational in science.
• Diffusion sampling enjoys fast mode-mixing
• Standard diffusion model requires large amount of 

data to learn the marginal scores
• How to train learn the marginal scores without 

known data but access to the energy?

Related Works

Overview

Results

TL;DR
We propose NEM, a neural sampler targets the noised energy and enables diffusion sampling; We         
extend NEM to BNEM, which self-enhances the learning target via bootstrapping.

• iDEM [1] regresses an MC score estimator of the 
with only access to energy ℰ(𝑥)

Methods

•Marginal density perturbed by VE noising process

𝑝! (𝑥!) ∝ ∫ exp −ℰ 𝑥 𝒩 𝑥!; 𝑥, 𝜎!"𝐼 𝑑𝑥
• We define the noised energy as

ℰ! 𝑥! ≔ −𝑙𝑜𝑔∫ exp −ℰ 𝑥 𝒩 𝑥!; 𝑥, 𝜎!"𝐼 𝑑𝑥
• We approximate it by an MC estimator
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with 𝑥(|!
$ ∼ 𝒩 𝑥; 𝑥! , 𝜎!"𝐼 .

• Learning Objective

ℒ*+, 𝑥! , 𝑡 = ||𝐸- 𝑥! , 𝑡 − 𝐸# 𝑥! , 𝑡 ||"

NEM

BNEM
• As 𝑡 increase, 𝐸# 𝑥! , 𝑡 becomes inaccurate with 

high variance
• To remedy, we leverage the learned noised 

energy at lower time level 𝑠, i.e. ℇ., to estimate 
energy at 𝑡

• We propose the Bootstrapped energy estimator
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with 𝑥.|!
$ ∼ 𝒩 𝑥; 𝑥! , (𝜎!"−𝜎.")𝐼 .

• Learning Objective

ℒ/*+, 𝑥! , 𝑡, 𝑠 = ||𝐸- 𝑥! , 𝑡 − 𝐸# 𝑥! , 𝑡, 𝑠; 𝑠𝑔(𝜃) ||"

where 𝑠𝑔(𝜃) refers stopping gradient of 𝜃.
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