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Motivation

Definition: Super Resolution
In single image super resolution (SISR) the goal is to predict a
sensible high resolution (HR), super resolved (SR) version of a
given low resolution (LR) image

• Use established SR method as starting point: ESRGAN [1]
• Generative Adversarial Network [2] setup
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(a) High Resolution (b) Low Resolution (c) Bicubic Upsampling (d) Super Resolution

Figure: Super resolution on the STL-10 [3] testset using the ESRGAN

Question
Can an upsampled jet image include more information than the
original, low-resolution image?
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Dataset

• Use Pythia [4] to generate 𝑡 ̄𝑡 and QCD dijet events
• Center of mass energy of √𝑠 = 14 TeV
• Run Delphes [5] with standard ATLAS card → HR version

(160 × 160)

• Perform downsampling step (sum pooling 𝑓 = 8) → LR
version (20 × 20)

• Run anti-kt jet algorithm using FastJet [6] on HR & LR
• Filter: Jet 𝑝𝑇 ∈ [550, 650] GeV, |𝜂|jet < 2

and Δ𝑅 = √Δ𝜂2 + Δ𝜙2 < 0.1
We end up with paired dataset of LR & HR images of the same
event.

4 / 16



Super-
Resolution for
QCD and Top

Jets

Lukas Blecher

Dataset

Model

Evaluation

Conclusion

References

Appendix

Dataset

• Use Pythia [4] to generate 𝑡 ̄𝑡 and QCD dijet events
• Center of mass energy of √𝑠 = 14 TeV
• Run Delphes [5] with standard ATLAS card → HR version

(160 × 160)
• Perform downsampling step (sum pooling 𝑓 = 8) → LR

version (20 × 20)
• Run anti-kt jet algorithm using FastJet [6] on HR & LR
• Filter: Jet 𝑝𝑇 ∈ [550, 650] GeV, |𝜂|jet < 2

and Δ𝑅 = √Δ𝜂2 + Δ𝜙2 < 0.1
We end up with paired dataset of LR & HR images of the same
event.

4 / 16



Super-
Resolution for
QCD and Top

Jets

Lukas Blecher

Dataset

Model

Evaluation

Conclusion

References

Appendix

Dataset

Sparse images: 99.80% empty
Individual constituents can have transverse momenta of up to
𝑝𝑇 = 500 GeV, but over 85% have 𝑝𝑇 < 20 GeV
⇒ Sharp and wide distribution, hard to learn for network
Solution: Raise image to a power 𝑝 ∈ (0, 1) in a pixel-wise
fashion
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Figure: Energy distribution behaviour when raising it to different pow-
ers 𝑝
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Training Process
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Figure: Training iteration

𝐿𝐺 = ∑
𝑠∈{std, pow}

𝜆𝑠(𝜆HR 𝐿HR + 𝜆LR 𝐿LR + 𝜆adv 𝐿adv+

𝜆patch 𝐿patch)
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Patch Loss

Patch loss helps to balance the spread of constituents

∑
f

f

Figure: Patch rearrangement. 𝑓 is the upscaling factor

Sum over created dimension.
Compare using Mean Squared Error

𝐿patch = 𝐿2 (patch(SR), patch(HR)) (1)
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Jet observables

Compare 𝑝T distribution for the 𝑛th hardest jet and set of
high-level jet observables [7–10]

𝑚jet = (∑
𝑖

𝑝𝜇
𝑖 )

2

𝐶0.2 =
∑𝑖,𝑗 𝑝T,𝑖𝑝T,𝑗(Δ𝑅𝑖,𝑗)0.2

(∑𝑖 𝑝T,𝑖)2

𝜏𝑁 = ∑𝑘 𝑝T,𝑘 min(Δ𝑅1,𝑘, … , Δ𝑅𝑁,𝑘)
∑𝑘 𝑝T,𝑘𝑅0
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Performance for QCD Jets – Low level
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Performance for QCD Jets – High level
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Performance for Top Jets – Low level
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Performance for Top Jets – High level
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Event-Event
Until now: Distributions over entire test set
Number of samples drown out individual effect

Question
Does up-sampling add information to an individual jet?

Goal is not to reconstruct the true HR jet. SR jet needs to be
consistent with LR jet.
For given observable look at deviations from true value on
event by event basis

HR − LR
HR and HR − SR

HR
Also look at relation of deviations

|HR − SR|
|HR − LR| = {< 1, SR describes HR better than LR

> 1, LR describes HR better than SR
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Event-Event
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Figure: Top jets: Relative ratio for jet observables

14 / 16



Super-
Resolution for
QCD and Top

Jets

Lukas Blecher

Dataset

Model

Evaluation

Conclusion

References

Appendix

Event-Event
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Figure: Top jets: Correlation of ratios for jet observables
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Conclusion

• Introduce new application of deep learning to jet physics
• Able to generate sensible 8-fold super-resolved jet images
• Super-resolution networks can provide additional informa-

tion
• Can be used to enhance jet measurements in regions with

poor calorimeter resolution
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Multi-Power Learning
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Figure: Training iteration – multi-power loss
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Figure: Training iteration – standard loss
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Multi-Power Learning

Model prediction SR Ground truth HR LR input Downsampled SR
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Figure: Energy distributions with only the standard loss
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Multi-Power Learning

Model prediction SR Ground truth HR LR input Downsampled SR
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5 10 15 20

Energy [
√

GeV]

0

2000

4000

E
nt

ri
es

Energy of the hardest constituent

2 4 6 8

Energy [
√

GeV]

0

2000

4000

6000

E
nt

ri
es

Energy of the 5th hardest constituent

0 1 2 3

Energy [
√

GeV]

0

2000

4000

E
nt

ri
es

Energy of the 20th hardest constituent

Figure: Energy distributions with only the power loss

21 / 16


	Dataset
	Model
	Evaluation
	Conclusion
	References
	Appendix

