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General idea:

Preliminary work in Dr. Kuchera’s group investigated using diffusion probabilistic
models (dpm) [6] as a surrogate simulator for generating point clouds from the
AT-TPC detector. I propose to continue this idea, but in order to denoise and clean
charged particle tracks recorded by the AT-TPC detector. We plan to model the
problem as unpaired, event-to-event domain translation. One domain would
comprise AT-TPC events generated via simulation; the other would comprise
events recorded during actual experiments with the detector. We expect the trained
model to be able to remove noise from tracks.

Steps to complete the task:

1.Data preparation: To train the model, we will use simulated data for the
AT-TPC detector, as well as data from experimental runs. The former will be
devoid of any noise, while the latter will include detector effects and noise from
other sources.

2.Diffusion Model Implementation: We will implement DM using existing
software libraries, such as [6], and by developing our own code. Existing dpm
models for point clouds assume three-dimensional points in Euclidean space,
ATTPC data is 4-dimensional, which requires modifications. A dpm will be trained
to recreate noiseless tracks from a noisy point cloud, which will be created by
gradually adding noise to our "clean" data. We train this in an end-to-end fashion
using a cycle consistency loss (i.e., the distance between the original event and the
final event in that chain should be close to 0, because you've just completed a
cycle)

https://arxiv.org/pdf/2103.01458.pdf
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3.Validation and testing on new data: As we don’t have a paired experimental
dataset, meaning that we have a noisy experimental point cloud, but at the same
time we don’t have the same experimental point cloud that is free from noise. This
makes the validation issue less trivial. Our suggestion is to use Cycle Consistency
Loss. To understand the principle, we need to delve a little into the details of how
Diffusion Models work. We have two models, the first of which converts a pure
point cloud to a noisy point cloud. The second model performs the reverse
operation, recreating a pure point cloud from a noisy point cloud.

What is specifically of practical interest is to remove the first model, the purpose of
which is to make the image noisy, and instead, under the guise of an already noisy
image, feed our experimental data to the second model. And it is planned to
evaluate the accuracy of recreating a noise-free point cloud using simulated data

Software Deliverables: Trained pyTorch model, training and validation code, and
simplified toy dataset



TimeLine:

Duration Task

2 weeks Become familiar with Diffusion Models and
cycle-GAN. Learn more about prior ML-based noise
reduction attempts in the AT-TPC detector.

4 weeks
Modify a DM to condition on simulated data. Find
parameters that allow us to achieve maximum
accuracy. Use different metrics to compare results

4 weeks
Combine two diffusion models and add cycle
consistency to train both models together.

Explore the limits of the model (i.e. the degree of
noisiness of the point cloud, which allows you to
recreate a noise-free point cloud).

2 weeks Final implementation and preparation for
distribution.

References

[1] J. Bradt, D. Bazin, F. Abu-Nimeh, T. Ahn, Y. Ayyad, S.B. Novo, L. Carpenter, M.
Cortesi, M. Kuchera, W. Lynch, W. Mittig, S. Rost, N. Watwood, J. Yurkon,
Commissioning of the active-target time projection chamber, Nucl. Instrum. Methods
Phys. Res. A 875 (2017) 65–79

[2] - Machine learning methods for track classification in the AT-TPC M.P. Kuchera a,∗ ,
R. Ramanujan b , J.Z. Taylor a , R.R. Strauss b , D. Bazin c , J. Bradt c , Ruiming Chen;
Nuclear Inst. and Methods in Physics Research, A940 (2019) 156-167

[3] - Unsupervised learning for identifying events in active target experiments R. Solli
a,b,∗ , D. Bazin c , M. Hjorth-Jensen c,d , M.P. Kuchera e , R.R. Straussf; Nuclear Inst.
and Methods in Physics Research, A 1010 (2021) 165461

https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900217X00296/1-s2.0-S0168900217309683/J_Bradt_time_projection_chamber_2017.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEK3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIQC6uKefwHpgOBn9Gq58xMMzx8rpiXjRjaoKDdJZzUHBsAIgBHA%2BDaLPhhMS7VCDYKUvZneG0PvXBw%2FW5M9R3rTxiGgquwUI1f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDFo6huZGB%2B5uNoD5NyqPBem%2BcAguKxS0BQKZ0Ah7ZEFZvDlYLKcoO3JVEbB7umLXBYHWU5rwUhUDzsFBCbOFFoQupQZSMWp9Y%2Bm16WsV5IMSLCnvPGto120%2BXqyTzD9BgafiTK1Dr4wKHTaYMdiPHcdcN%2B%2Fxpe7FMKOSh1VjibFf7wzVlboP1oncuvartFefJ74julEiOijvY2QItj1Rwd2p32mHV%2BordLzI2uCHyoinMgwZiOkrPVAcw31CZQFXDBdbHqXKX5g0DBylV0Fws8a%2FJIgJZCZ8Tfufoly00um0gtE4RlsoqFzuaREU%2BYaRR%2BWkjGaP0LYTGIPX8JqqjQOx%2FyM7kbi1TAn855STeQgOL2Bo1bjGypERbBpT6wTNE%2FPG4hQFzrGUn%2B5BIyTqETzPDVg8dKv1ntZHmAY3qojUg88hhSEpX9Tyn7k1GCNQGh0ZtqYRqPxLJ6asgztZ0XQ7GxPtsC8u4dvcWDis5N4nXrK7oiLS%2FiNgQX%2F3%2FqVzOflJpQDHAS2XNjsTyjk%2FVysO35t5JJTlEGlb%2F0jqKJz3ZKFOgnvUipgxDdECuX%2FJIRmnbc4lnsYXqduaanBqWoXN6lFIM9zjytwr8FWmKZM1tU%2FkHPOLrjYFhaL0kgGfW9Ld56LHy1gRVttZl16jbVwcLYwNf8X%2BlCIBTzxp%2Bfo3Io211hFrB%2BMdODvH%2Fi2dCt82XRNRPQByd9v0hPI0RYo3i20P1adLaO9NUVz4G74FmgJnW5824RdUNJQsFBTl2sX%2Fi9wsKX%2BYltVoOPPJH%2Fs0it7huMNqXUOQreuIW%2B%2F54ZuKXryHlKbP0IrKvGMHcoBntlqfv44J4oIJAzLrA8bOHjQ9EHbq0j3wzi3LU02958Xxz9PQBIuXTtFd6Dgw7tyyowY6sQGcGtjMhn2c%2BUISDiYS90zJEXeelHWh38VDekOzWsauepoyVBXEqbGTWC3dpYXbd1OsDW4YHhAzFqu%2BuAeAANGTu1nVo56Xo7JWJA36E5zrPKcnRnIXF%2FsYIeDf740%2BofLBD5xbZH0o32iISClxWe%2FM08NnUoLEqTzcDSxREHLAz9cDemCS%2F2lvfHkOj0JgVlgZTUx02vbWrOKWOzlwX%2BZLmNouhVODEbt%2F%2BRghzI6QQt0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230523T132302Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY74B7CVC7%2F20230523%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=8059fce98e154dd0b30a92b7cd1af8c9eee28a4d7d10b7f166316a9d4e2616bb&hash=243482b4f7f959b8ea105a9611a11cf5fbf60738c49d52fb17072a6b2260b1da&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900217309683&tid=pdf-3513fe9d-253d-4ee1-bc8e-edcd42595869&sid=55838da5906a944adf589497b8dd88d48b9egxrqb&type=client
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900217X00296/1-s2.0-S0168900217309683/J_Bradt_time_projection_chamber_2017.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEK3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIQC6uKefwHpgOBn9Gq58xMMzx8rpiXjRjaoKDdJZzUHBsAIgBHA%2BDaLPhhMS7VCDYKUvZneG0PvXBw%2FW5M9R3rTxiGgquwUI1f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDFo6huZGB%2B5uNoD5NyqPBem%2BcAguKxS0BQKZ0Ah7ZEFZvDlYLKcoO3JVEbB7umLXBYHWU5rwUhUDzsFBCbOFFoQupQZSMWp9Y%2Bm16WsV5IMSLCnvPGto120%2BXqyTzD9BgafiTK1Dr4wKHTaYMdiPHcdcN%2B%2Fxpe7FMKOSh1VjibFf7wzVlboP1oncuvartFefJ74julEiOijvY2QItj1Rwd2p32mHV%2BordLzI2uCHyoinMgwZiOkrPVAcw31CZQFXDBdbHqXKX5g0DBylV0Fws8a%2FJIgJZCZ8Tfufoly00um0gtE4RlsoqFzuaREU%2BYaRR%2BWkjGaP0LYTGIPX8JqqjQOx%2FyM7kbi1TAn855STeQgOL2Bo1bjGypERbBpT6wTNE%2FPG4hQFzrGUn%2B5BIyTqETzPDVg8dKv1ntZHmAY3qojUg88hhSEpX9Tyn7k1GCNQGh0ZtqYRqPxLJ6asgztZ0XQ7GxPtsC8u4dvcWDis5N4nXrK7oiLS%2FiNgQX%2F3%2FqVzOflJpQDHAS2XNjsTyjk%2FVysO35t5JJTlEGlb%2F0jqKJz3ZKFOgnvUipgxDdECuX%2FJIRmnbc4lnsYXqduaanBqWoXN6lFIM9zjytwr8FWmKZM1tU%2FkHPOLrjYFhaL0kgGfW9Ld56LHy1gRVttZl16jbVwcLYwNf8X%2BlCIBTzxp%2Bfo3Io211hFrB%2BMdODvH%2Fi2dCt82XRNRPQByd9v0hPI0RYo3i20P1adLaO9NUVz4G74FmgJnW5824RdUNJQsFBTl2sX%2Fi9wsKX%2BYltVoOPPJH%2Fs0it7huMNqXUOQreuIW%2B%2F54ZuKXryHlKbP0IrKvGMHcoBntlqfv44J4oIJAzLrA8bOHjQ9EHbq0j3wzi3LU02958Xxz9PQBIuXTtFd6Dgw7tyyowY6sQGcGtjMhn2c%2BUISDiYS90zJEXeelHWh38VDekOzWsauepoyVBXEqbGTWC3dpYXbd1OsDW4YHhAzFqu%2BuAeAANGTu1nVo56Xo7JWJA36E5zrPKcnRnIXF%2FsYIeDf740%2BofLBD5xbZH0o32iISClxWe%2FM08NnUoLEqTzcDSxREHLAz9cDemCS%2F2lvfHkOj0JgVlgZTUx02vbWrOKWOzlwX%2BZLmNouhVODEbt%2F%2BRghzI6QQt0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230523T132302Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY74B7CVC7%2F20230523%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=8059fce98e154dd0b30a92b7cd1af8c9eee28a4d7d10b7f166316a9d4e2616bb&hash=243482b4f7f959b8ea105a9611a11cf5fbf60738c49d52fb17072a6b2260b1da&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900217309683&tid=pdf-3513fe9d-253d-4ee1-bc8e-edcd42595869&sid=55838da5906a944adf589497b8dd88d48b9egxrqb&type=client
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900217X00296/1-s2.0-S0168900217309683/J_Bradt_time_projection_chamber_2017.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEK3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIQC6uKefwHpgOBn9Gq58xMMzx8rpiXjRjaoKDdJZzUHBsAIgBHA%2BDaLPhhMS7VCDYKUvZneG0PvXBw%2FW5M9R3rTxiGgquwUI1f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDFo6huZGB%2B5uNoD5NyqPBem%2BcAguKxS0BQKZ0Ah7ZEFZvDlYLKcoO3JVEbB7umLXBYHWU5rwUhUDzsFBCbOFFoQupQZSMWp9Y%2Bm16WsV5IMSLCnvPGto120%2BXqyTzD9BgafiTK1Dr4wKHTaYMdiPHcdcN%2B%2Fxpe7FMKOSh1VjibFf7wzVlboP1oncuvartFefJ74julEiOijvY2QItj1Rwd2p32mHV%2BordLzI2uCHyoinMgwZiOkrPVAcw31CZQFXDBdbHqXKX5g0DBylV0Fws8a%2FJIgJZCZ8Tfufoly00um0gtE4RlsoqFzuaREU%2BYaRR%2BWkjGaP0LYTGIPX8JqqjQOx%2FyM7kbi1TAn855STeQgOL2Bo1bjGypERbBpT6wTNE%2FPG4hQFzrGUn%2B5BIyTqETzPDVg8dKv1ntZHmAY3qojUg88hhSEpX9Tyn7k1GCNQGh0ZtqYRqPxLJ6asgztZ0XQ7GxPtsC8u4dvcWDis5N4nXrK7oiLS%2FiNgQX%2F3%2FqVzOflJpQDHAS2XNjsTyjk%2FVysO35t5JJTlEGlb%2F0jqKJz3ZKFOgnvUipgxDdECuX%2FJIRmnbc4lnsYXqduaanBqWoXN6lFIM9zjytwr8FWmKZM1tU%2FkHPOLrjYFhaL0kgGfW9Ld56LHy1gRVttZl16jbVwcLYwNf8X%2BlCIBTzxp%2Bfo3Io211hFrB%2BMdODvH%2Fi2dCt82XRNRPQByd9v0hPI0RYo3i20P1adLaO9NUVz4G74FmgJnW5824RdUNJQsFBTl2sX%2Fi9wsKX%2BYltVoOPPJH%2Fs0it7huMNqXUOQreuIW%2B%2F54ZuKXryHlKbP0IrKvGMHcoBntlqfv44J4oIJAzLrA8bOHjQ9EHbq0j3wzi3LU02958Xxz9PQBIuXTtFd6Dgw7tyyowY6sQGcGtjMhn2c%2BUISDiYS90zJEXeelHWh38VDekOzWsauepoyVBXEqbGTWC3dpYXbd1OsDW4YHhAzFqu%2BuAeAANGTu1nVo56Xo7JWJA36E5zrPKcnRnIXF%2FsYIeDf740%2BofLBD5xbZH0o32iISClxWe%2FM08NnUoLEqTzcDSxREHLAz9cDemCS%2F2lvfHkOj0JgVlgZTUx02vbWrOKWOzlwX%2BZLmNouhVODEbt%2F%2BRghzI6QQt0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230523T132302Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY74B7CVC7%2F20230523%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=8059fce98e154dd0b30a92b7cd1af8c9eee28a4d7d10b7f166316a9d4e2616bb&hash=243482b4f7f959b8ea105a9611a11cf5fbf60738c49d52fb17072a6b2260b1da&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900217309683&tid=pdf-3513fe9d-253d-4ee1-bc8e-edcd42595869&sid=55838da5906a944adf589497b8dd88d48b9egxrqb&type=client
https://pdf.sciencedirectassets.com/271580/1-s2.0-S0168900217X00296/1-s2.0-S0168900217309683/J_Bradt_time_projection_chamber_2017.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEK3%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCIQC6uKefwHpgOBn9Gq58xMMzx8rpiXjRjaoKDdJZzUHBsAIgBHA%2BDaLPhhMS7VCDYKUvZneG0PvXBw%2FW5M9R3rTxiGgquwUI1f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDFo6huZGB%2B5uNoD5NyqPBem%2BcAguKxS0BQKZ0Ah7ZEFZvDlYLKcoO3JVEbB7umLXBYHWU5rwUhUDzsFBCbOFFoQupQZSMWp9Y%2Bm16WsV5IMSLCnvPGto120%2BXqyTzD9BgafiTK1Dr4wKHTaYMdiPHcdcN%2B%2Fxpe7FMKOSh1VjibFf7wzVlboP1oncuvartFefJ74julEiOijvY2QItj1Rwd2p32mHV%2BordLzI2uCHyoinMgwZiOkrPVAcw31CZQFXDBdbHqXKX5g0DBylV0Fws8a%2FJIgJZCZ8Tfufoly00um0gtE4RlsoqFzuaREU%2BYaRR%2BWkjGaP0LYTGIPX8JqqjQOx%2FyM7kbi1TAn855STeQgOL2Bo1bjGypERbBpT6wTNE%2FPG4hQFzrGUn%2B5BIyTqETzPDVg8dKv1ntZHmAY3qojUg88hhSEpX9Tyn7k1GCNQGh0ZtqYRqPxLJ6asgztZ0XQ7GxPtsC8u4dvcWDis5N4nXrK7oiLS%2FiNgQX%2F3%2FqVzOflJpQDHAS2XNjsTyjk%2FVysO35t5JJTlEGlb%2F0jqKJz3ZKFOgnvUipgxDdECuX%2FJIRmnbc4lnsYXqduaanBqWoXN6lFIM9zjytwr8FWmKZM1tU%2FkHPOLrjYFhaL0kgGfW9Ld56LHy1gRVttZl16jbVwcLYwNf8X%2BlCIBTzxp%2Bfo3Io211hFrB%2BMdODvH%2Fi2dCt82XRNRPQByd9v0hPI0RYo3i20P1adLaO9NUVz4G74FmgJnW5824RdUNJQsFBTl2sX%2Fi9wsKX%2BYltVoOPPJH%2Fs0it7huMNqXUOQreuIW%2B%2F54ZuKXryHlKbP0IrKvGMHcoBntlqfv44J4oIJAzLrA8bOHjQ9EHbq0j3wzi3LU02958Xxz9PQBIuXTtFd6Dgw7tyyowY6sQGcGtjMhn2c%2BUISDiYS90zJEXeelHWh38VDekOzWsauepoyVBXEqbGTWC3dpYXbd1OsDW4YHhAzFqu%2BuAeAANGTu1nVo56Xo7JWJA36E5zrPKcnRnIXF%2FsYIeDf740%2BofLBD5xbZH0o32iISClxWe%2FM08NnUoLEqTzcDSxREHLAz9cDemCS%2F2lvfHkOj0JgVlgZTUx02vbWrOKWOzlwX%2BZLmNouhVODEbt%2F%2BRghzI6QQt0%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20230523T132302Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY74B7CVC7%2F20230523%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=8059fce98e154dd0b30a92b7cd1af8c9eee28a4d7d10b7f166316a9d4e2616bb&hash=243482b4f7f959b8ea105a9611a11cf5fbf60738c49d52fb17072a6b2260b1da&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0168900217309683&tid=pdf-3513fe9d-253d-4ee1-bc8e-edcd42595869&sid=55838da5906a944adf589497b8dd88d48b9egxrqb&type=client
https://arxiv.org/pdf/1810.10350.pdf
https://arxiv.org/pdf/1810.10350.pdf
https://arxiv.org/pdf/1810.10350.pdf
https://arxiv.org/pdf/2008.02757.pdf
https://arxiv.org/pdf/2008.02757.pdf
https://arxiv.org/pdf/2008.02757.pdf


[4] - PointNet: Deep Learning on Point Sets for 3D Classification and Segmentation
Charles R. Qi* Hao Su* Kaichun Mo Leonidas J. Guibas Stanford University (2017)

[5] - PointNet++: Deep Hierarchical Feature Learning on Point Sets in a Metric Space
Charles R. Qi Li Yi Hao Su Leonidas J. Guibas Stanford University (2017)

[6] - Diffusion Probabilistic Models for 3D Point Cloud Generation Shitong Luo, Wei Hu
* Wangxuan Institute of Computer Technology Peking University

https://arxiv.org/pdf/1612.00593.pdf
https://arxiv.org/pdf/1612.00593.pdf
https://proceedings.neurips.cc/paper_files/paper/2017/file/d8bf84be3800d12f74d8b05e9b89836f-Paper.pdf
https://proceedings.neurips.cc/paper_files/paper/2017/file/d8bf84be3800d12f74d8b05e9b89836f-Paper.pdf
https://arxiv.org/pdf/2103.01458.pdf
https://arxiv.org/pdf/2103.01458.pdf

