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Introduction
QGP

Goal: Discriminate vacuum-like jets from quenched jets.

Proxy: Discriminate between pp jets (all vacuum-like)
and PbPb jets (mix of vacuum-like and quenched jets).

Challenges:
1. Medium Response (MR) aids models in identifying PbPb jets.
2. Underlying Event (UE) contamination degrades discrimination power

to levels similar to those without MR.
3. Only by considering all these effects can we approach

a physically meaningful result.
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Results
Energy Flow Polynomials (LDA)

Paper in Construction

Classification on gen level, picks up on the medium response and the model performs very well.

Applying the procedure greatly reduces the discrimination power (AUC from ∼ 0.8675 to ∼ 0.6964).

Close to a physical result!
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Same behavior from no UE to with UE contamination.
Some gain in discrimination power (AUC from ∼ 0.9067 to ∼ 0.7142).
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Vanilla EFN

Vanilla EFN with simple architecture provides our baseline.
AUC = 0.7652 ± 0.0004
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Vanilla EFN
EFN + NSubs

Including N-Subjetiness in the F network increases performance.
AUC = 0.8053 ± 0.0003
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We obtain similar performance including EFPs.
AUC = 0.8050 ± 0.0004
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Adding EFPs with different κ and β does not seem beneficial.
Likely due to the fixed arch and the larger number of obs..
AUC = 0.8020 ± 0.0055
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Combining all observables, results in a gain in performance.
AUC = 0.8268 ± 0.0009
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With CWoLa we asses "would be" Quenched discrimination.
AUC = 0.8351
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2. Adding global jet observables to these complex physics motivated networks seems to
be indeed beneficial, significantly the originally improving attained discrimination
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3. Moment Energy Flow Networks open up a new window of exploration of these kinds
of models to multiple problems in HEP in general and in jet quenching in particular.

4. Future work will focus on adding observables to Moment EFNs and attempting to
obtain an interpretable latent space and perhaps relating it to calculable observables
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Underlying Event Contamination





Experimentally motivated UE generation steps:

1. Fit the pseudo-rapidity distribution of the UE measured experimentally from [1]. We
have used a polynomial fit.

2. Fit the transverse momenta distribution of the UE measured experimentally in [2]. We
have used a cubic spline.

3. Take the ϕ distribution to be uniform.
4. Take the number of particles per UE to follow a Gaussian distribution of

experimentally motivated average value and standard deviation.
5. For each particle to be generated, sample a value for pT , η and ϕ from the considered

distributions.
6. Considering only pions, sample randomly and uniformly one of the three species, and

use its mass to complete the four-momentum of the particle.
[1] Phys.Lett.B 772 (2017) 567-577, 2017.

[2] JHEP 11 (2018) 013, 2018.

https://www.sciencedirect.com/science/article/pii/S0370269317305646
https://link.springer.com/article/10.1007/JHEP11(2018)013
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UE Comparison
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Subtraction Details

We have performed two different types of subtrac-
tions:

1. JEWEL’s internal background subtraction to
give physical medium response (only for
PbPb and this is always performed before
embedding) [3]

2. Iterative Constituent Subtraction of UE which
we apply to both pp and PbPb embedded
events [4]

We have used the parameters suggested in [4] for
0.4 anti-kt jets.

[3] Eur.Phys.J.C 82 (2022) 11, 1010
[4] JHEP 08 (2019) 175

https://link.springer.com/article/10.1140/epjc/s10052-022-10954-1
https://link.springer.com/article/10.1007/JHEP08(2019)175


Subtraction quality plots
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Subtraction quality plots
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Undersampling steps:

1. Bin pp and PbPb data in pT and η.

2. Check if there are bins with more PbPb events than pp.

3. If so remove randomly and uniformly events from PbPb until no bin has a larger
population of PbPb compared to pp.

4. For all bins, remove randomly pp events from each until the number of pp events
matches the number of PbPb events in each and every bin.



Undersampling Original plot

Internal Revision

1

10

210

310

410

 (Original)
T

pp eta vs p

200 300 400 500 600 700
4−

3−

2−

1−

0

1

2

3

4

 (Original)
T

pp eta vs p

1

10

210

310

410

 (Original)
T

PbPb eta vs p

200 300 400 500 600 700
4−

3−

2−

1−

0

1

2

3

4

 (Original)
T

PbPb eta vs p

4−10

3−10

2−10

 Prob. Density (Original)
T

pp eta vs p

200 300 400 500 600 700
4−

3−

2−

1−

0

1

2

3

4

 Prob. Density (Original)
T

pp eta vs p

4−10

3−10

2−10

 Prob. Density (Original)
T

PbPb eta vs p

200 300 400 500 600 700
4−

3−

2−

1−

0

1

2

3

4

 Prob. Density (Original)
T

PbPb eta vs p



Undersampling PbPb step plot
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Undersampling final plot
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UE contamination effect on inclusive jet profile (ρ)
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UE contamination effect on jet profile of leading jet (ρlead )
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UE contamination effect on jet profile of subleading jet (ρsubl)
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UE contamination effect on jet fragmentation functions (D(z))
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UE contamination effect on jet fragmentation functions (D(z))
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UE contamination effect on jet fragmentation functions (D(z))
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UE contamination effect on the dijet asymmetry (xJ)
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UE contamination effect on the groomed dijet asymmetry (xSD
J )
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UE contamination effect on lund planes
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Grooming seems to increase the signal in the medium time window, but the subtraction always depletes the signal in this region.



Observables used for the inital study of the UE contamination in ML

[5] 10.48550/arXiv.2304.07196

https://arxiv.org/abs/2304.07196
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EFP selected quotes from the paper

"These observables are multiparticle energy correlators with specific angular
structures which directly result from IRC safety."

"EFPs can be viewed as a discrete set of C-correlators"
"EFPs form a linear basis of all IRC-safe observables, making them suitable for a
wide variety of jet substructure contexts where linear methods are applicable"

"There is a one-to-one correspondence between EFPs and loopless multigraphs,
which helps to visualize and calculate the EFPs"

"(...) we usually truncate by restricting to the set of all multigraphs with at most
d edges (...) this truncation results in a finite number of EFPs at each order of
truncation, which is not true for truncation by the number of vertices."

[6] doi.org/10.1007/JHEP04(2018)013

https://link.springer.com/article/10.1007/JHEP04(2018)013
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N-Subjetiness LDA ROCs
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N-Subjetiness LDA Model Output

Paper in Construction

No UE

0.0 0.2 0.4 0.6 0.8 1.0
Model Output

0.00

0.02

0.04

0.06

0.08

0.10

0.12 pp
PbPb
Quenched

With subtracted UE

0.0 0.2 0.4 0.6 0.8 1.0
Model Output

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14
pp
PbPb
Quenched



N-Subjetiness DNN ROCs
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N-Subjetiness DNN Model Output
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N-Subjetiness DNN Loss
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EFP LDA Model Output
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EFP DNN Model Output

Paper in Construction

No UE

0.0 0.2 0.4 0.6 0.8 1.0
Model Output

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40 pp
PbPb
Quenched

With subtracted UE

0.0 0.2 0.4 0.6 0.8 1.0
Model Output

0.00

0.02

0.04

0.06

0.08

pp
PbPb
Quenched



EFP DNN Loss
Paper in Construction

No UE

0 100 200 300 400 500 600
Epochs

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

Lo
ss

Loss
Mean Training Loss
Mean Validation Loss

With subtracted UE

0 50 100 150 200 250 300 350
Epochs

0.0

2.5

5.0

7.5

10.0

12.5

15.0

17.5

20.0

Lo
ss

Loss
Mean Training Loss
Mean Validation Loss



EFP Extended LDA ROCs
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EFP Extended LDA Model Output
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EFP Extended DNN ROCs
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EFP Extended DNN Model Output
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EFP Extended DNN Loss
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EFN ROC and Latent Space
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EFN Model Output and Loss
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EFN Output Mean vs Std. Dev across folds
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EFN + EFP ROC and Latent Space
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EFN + EFP Model Output and Loss
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EFN + EFP Output Mean vs Std. Dev Across Folds
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EFN + EFP Ext. ROC and Latent Space

Paper in Construction

0.0 0.2 0.4 0.6 0.8 1.0
PbPb Jet Efficiency / Quenched Jet Efficiency

0.0

0.2

0.4

0.6

0.8

1.0

pp
 Je

t R
ej

ec
tio

n 
/ U

nq
ue

nc
he

d 
Je

t R
ej

ec
tio

n

EFN CwoLa
EFN

-R -R/2 0 R/2 R
Translated Rapidity y

-R

-R/2

0

R/2

R

Tr
an

sl
at

ed
 A

zi
m

ut
ha

l A
ng

le
 p

hi

Energy Flow Network Latent Space

0.00

0.10

0.20

0.31

0.41

0.51

0.61

0.71

0.82

0.92

N
or

m
al

iz
ed

 F
ilt

er
 S

tr
en

gt
h



EFN + EFP Ext. Model Output and Loss
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EFN + EFP Ext. Output Mean vs Std. Dev
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EFN + NSubs ROC and Latent Space
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EFN + NSub Model Output and Loss
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EFN + NSub Output Mean vs Std. Dev
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EFN + EFP + NSub ROC and Latent Space
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EFN + EFP + NSub Model Output and Loss
Paper in Construction

0.0 0.2 0.4 0.6 0.8 1.0
Model Output

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14 pp
PbPb
Quenched

0 50 100 150 200
Epochs

0.50

0.55

0.60

0.65

0.70

0.75

Lo
ss

Loss

Mean Training Loss
Mean Validation Loss



EFN + EFP + NSub Output Mean vs Std. Dev
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EFN + EFP Ext. + NSub Model Output and Loss
Paper in Construction
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EFN + EFP Ext. + NSubs ROC and Latent Space

Paper in Construction

0.0 0.2 0.4 0.6 0.8 1.0
PbPb Jet Efficiency / Quenched Jet Efficiency

0.0

0.2

0.4

0.6

0.8

1.0
pp

 Je
t R

ej
ec

tio
n 

/ U
nq

ue
nc

he
d 

Je
t R

ej
ec

tio
n

EFN CwoLa
EFN

-R -R/2 0 R/2 R
Translated Rapidity y

-R

-R/2

0

R/2

R

Tr
an

sl
at

ed
 A

zi
m

ut
ha

l A
ng

le
 p

hi

Energy Flow Network Latent Space

0.00

0.10

0.20

0.31

0.41

0.51

0.61

0.71

0.82

0.92

N
or

m
al

iz
ed

 F
ilt

er
 S

tr
en

gt
h



EFN + EFP Ext. + NSub Output Mean vs Std. Dev
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Thinking about the ROC AUC Error
Paper in Construction

No UE

187.76 368.01 548.26 728.5 908.75
pT bin midpoint
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With subtracted UE

189.9 369.69 549.49 729.29 909.08
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Errors given by: Q1 =
AUC

2 − AUC
, Q2 =

2 · AUC2

1 + AUC

SEAUC =

√
AUC · (1 − AUC) + (npos − 1) · (Q1 − AUC2) + (nneg − 1) · (Q2 − AUC2)

npos · nneg
,

Want well defined confidence intervals. (DeLong’s method? Anyone working on these things?)

radiology.143.1.7063747

https://doi.org/10.1148/radiology.143.1.7063747


Thinking about Weights

Paper in Construction

We have trained the LDA models on a weighted sample but without the weights (sklearn’s
Linear Discriminant Analysis (LDA) model, does not handle weights in training)

(We have plotted the ROC curves and model outputs with the weighs)

Can we do this though?
Is it stable?

Can we train on weighted (MC), test on unweighted (Data)?
Should we use the weights in training?

Do we want to capture the true pT distribution in training (use the weights)
or prefer that the network learns uniformly across pT bins (no weights)?

Is the model robust to this?



Thinking about Weights

Paper in ConstructionTested on Weighted Unweighted
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ROC AUC = 0.7 ROC AUC = 0.69

ROC AUC = 0.71 ROC AUC = 0.7

Model is robust!

(Tested without medium responde like the transformer studies)



Model Comparison (Supervised) No UE

Model AUC 1/ϵPbPb at ϵpp = 50%
LDA EFP 0.8675 Y.YY
LDA EFP Ext. 0.9234 Y.YY
LDA NSub 0.8314 Y.YY
DNN EFP 0.9067 Y.YY
DNN EFP Ext. 0.9420 Y.YY
DNN NSub 0.9232 Y.YY



Model Comparison (Supervised) w/i UE Contamination

Model AUC 1/ϵPbPb at ϵpp = 50%
LDA EFP 0.6964 Y.YY
LDA EFP Ext. 0.7132 Y.YY
LDA NSub 0.6900 Y.YY
DNN EFP 0.7142 Y.YY
DNN EFP Ext. 0.7176 Y.YY
DNN NSub 0.7075 Y.YY
EFN 0.7651 +/- 0.0004 Y.YY
EFN + EFP 0.8050 +/- 0.0002 Y.YY
EFN + EFP Ext. 0.8104 +/- 0.0004 Y.YY
EFN + NSub 0.8053 +/- 0.0003 Y.YY
EFN + EFP + NSub 0.8206 +/- 0.0001 Y.YY
EFN + EFP Ext. + NSub 0.8265 +/- 0.0011 Y.YY



Model Comparison MEFN w/i UE Contamination
Model AUC 1/ϵPbPb at ϵpp = 50%
MEFN k=1, L=1024 0.7634 +/- 0.0007 Y.YY
MEFN k=2, L=32 0.7632 +/- 0.0006 Y.YY
MEFN k=1, L=512 0.7615 +/- 0.0008 Y.YY
MEFN k=3, L=16 0.7624 +/- 0.0004 Y.YY
MEFN k=2, L=64 0.7623 +/- 0.0002 Y.YY
MEFN k=4, L=16 0.7623 +/- 0.0001 Y.YY
MEFN k=2, L=16 0.7521 +/- 0.0018 Y.YY
MEFN k=1, L=256 0.7548 +/- 0.0013 Y.YY
MEFN k=1, L=128 0.7485 +/- 0.0017 Y.YY
MEFN k=1, L=64 0.7421 +/- 0.0017 Y.YY
MEFN k=1, L=32 0.7359 +/- 0.0022 Y.YY
MEFN k=1, L=16 0.7293 +/- 0.0086 Y.YY
MEFN k=2, L=8 0.7262 +/- 0.0050 Y.YY
MEFN k=1, L=8 0.7196 +/- 0.0031 Y.YY
MEFN k=3, L=3 0.7177 +/- 0.0065 Y.YY
MEFN k=4, L=4 0.7212 +/- 0.0033 Y.YY
MEFN k=4, L=3 0.7201 +/- 0.0025 Y.YY
MEFN k=8, L=3 0.7193 +/- 0.0020 Y.YY
MEFN k=3, L=2 0.7146 +/- 0.0020 Y.YY
MEFN k=4, L=2 0.7142 +/- 0.0020 Y.YY
MEFN k=16, L=2 0.7131 +/- 0.0020 Y.YY
MEFN k=8, L=2 0.7121 +/- 0.0039 Y.YY
MEFN k=64, L=2 0.7108 +/- 0.0038 Y.YY
MEFN k=1, L=3 0.7083 +/- 0.0019 Y.YY
MEFN k=4, L=1 0.7066 +/- 0.0013 Y.YY
MEFN k=2, L=2 0.7054 +/- 0.0119 Y.YY
MEFN k=64, L=1 0.7009 +/- 0.0042 Y.YY
MEFN k=3, L=1 0.7006 +/- 0.0094 Y.YY
MEFN k=16, L=1 0.7021 +/- 0.0105 Y.YY
MEFN k=128, L=1 0.6891 +/- 0.0028 Y.YY
MEFN k=1, L=2 0.6912 +/- 0.0101 Y.YY
MEFN k=4, L=8 0.7608 +/- 0.0016 Y.YY
MEFN k=32, L=1 0.7092 +/- 0.0002 Y.YY
MEFN k=2, L=1 0.6549 +/- 0.0567 Y.YY
MEFN k=1, L=1 0.5673 +/- 0.0476 Y.YY
MEFN k=8, L=1 0.6337 +/- 0.0948 Y.YY
MEFN k=256, L=1 0.6537 +/- 0.0373 Y.YY



Preprocessing Pipeline



Model Architectures

Model Layers Activation Patience Dropout L2

DNN (2048) ReLU 30 0.2 0.005

EFN Φ: (100, 100, 126), F : (100, 100, 100) ReLU 30 0.075 -

EFN + Obs. Φ: (100, 100, 126), F : (100, 100, 100) ReLU 30 0.2 -

MEFN Φ: (100, 100, L), F : (100, 100, 100) ReLU 30 0.2 -



Observables

K = 21

(κ, β) = ([0.5,1], [0.5,1,2])



Adding distances to EFNs for quark vs gluon
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By: Martim Pinto

Summer Student
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