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Overview

• Compare JEWEL w/ and w/o recoils for single 
inclusive jet events at certain fixed energy

• Investigate the QGP modification on the target jet 
and gain insights on how this medium effect acts on 
the EEEC for different dependencies

• Find potential invariance under JEWEL medium 
modification

• Identify the geometrical boost region corresponding 
to recoil effect with new coordinate system



Quick introduction to JEWEL (2.4.0) recoil effect
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Interaction level detector level

JEWEL w/ recoil: + +

JEWEL w/o recoil: 

Incoming parton

Scattering center

Traveling to detector

Particle resulted 
from recoiling

[Korinna Zapp and José Guilherme Milhano arXiv:2207.14814.]  



• What is it?

—— It is defined as the product of the energies of n particles chosen within the target jet.
—— Experimentally, it can be computed as weighted histogram with equation:

• What makes the n-point correlator (ENCs) important?

—— It is theoretically calculable in pQCD
—— It is scale sensitive.
—— It provides access to strong coupling constant 𝛼𝑆.
—— It can be used to probe the jet modification as it is sensitive to different types

of energy loss.

Quick introduction to projected n-point energy correlator
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[P.T. Komiske, I. Moult, J. Thaler, and H.X. 
Zhu arXiv: 2201.07800.]



EEEC and its dependencies
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𝑅𝐿, 𝑅𝑀, 𝑅𝑆 are longest side, medium side and 

shortest side of the triangle, respectively.

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

[Komiske et.al., PRL 130 (2023) 5, 051901]

𝝃 and 𝝓 together control the shape of the triangle



Result for EEEC (𝑅𝐿)
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𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟒

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

Suppression Medium effect

Observations:

1. Just like EEC(∆𝑟), with medium enhancement at 
large angle

2. However, the medium effect seems to have less 
impact compared to EEC(∆𝑟)

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

JEWEL 2.4.0

0% < Centrality < 10%



Result for EEEC (𝑅𝑀)
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𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟒

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

Suppression Medium effect

Observations:

1. The medium effect has  larger enhancement 
compared to 𝑅𝐿

2. Suppression region shifts left.

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

JEWEL 2.4.0

0% < Centrality < 10%



Result for EEEC (𝑅𝑆)
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𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟒

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

Suppression Medium effect

Observations:

1. Medium effect has even larger modification on 
the EEEC(𝑅𝑆).

2. Suppression region shifts even more to the left.

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

JEWEL 2.4.0

0% < Centrality < 10%



Result for EEEC (𝜙)
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𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟒

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

Observations:

1. These 3 curves are statiscally indistinguishable!

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

This  implies a potential Invariance under 
JEWEL’s medium modification.

JEWEL 2.4.0

0% < Centrality < 10%



Result for EEEC (𝜙)
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𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟒

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

Observations:

1. The ratio EEEC(𝜙) [120 - 140] / EEEC(𝜙) [160 - 180] 
GeV is roughly 1.

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

At least for these two jet 𝑝𝑇 ranges, the 
invariance – like property still holds.

Jet 𝑝𝑇 selection check

JEWEL 2.4.0

0% < Centrality < 10%



Result for EEEC (𝜙)
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𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟒

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

Observations:

1. These two double ratio curves shows a cancellation 
effect, which integrated over will result in the unmodified 
EEEC(𝝓)

𝑅𝑆
𝑅𝑀

𝑅𝐿

𝑝1

𝑝2

𝑝3

Q: Is this a JEWEL specific phenomenon, or this is true 
for other models?

Small RL:   [0.01 – 0.05]

Large RL:    [0.3 – 0.4]

𝑅𝐿 ∈ [0.3, 0.4]

𝑅𝐿 ∈ [0.01, 0.05]

JEWEL 2.4.0

0% < Centrality < 10%

Blue curve:
𝐸𝐸𝐸𝐶(𝜙)𝑃𝑏𝑃𝑏, 𝑹𝑳[𝟎.𝟑,𝟎.𝟒]

𝐸𝐸𝐸𝐶(𝜙)𝑝𝑝, 𝑹𝑳[𝟎.𝟑,𝟎.𝟒]
/
𝐸𝐸𝐸𝐶(𝜙)𝑃𝑏𝑃𝑏

𝐸𝐸𝐸𝐶(𝜙)𝑝𝑝

Red curve:
𝐸𝐸𝐸𝐶(𝜙)𝑃𝑏𝑃𝑏,𝑹𝑳[𝟎.𝟎𝟏,𝟎.𝟎𝟓]

𝐸𝐸𝐸𝐶(𝜙)𝑝𝑝, 𝑹𝑳[𝟎.𝟎𝟏, 𝟎.𝟎𝟓]
/
𝐸𝐸𝐸𝐶(𝜙)𝑃𝑏𝑃𝑏

𝐸𝐸𝐸𝐶(𝜙)𝑝𝑝
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Quick Introduction to coordinate system (x, y)

Step 1: scale by 𝑅𝐿

[H. Bossi, A.S. Kudinoor, I. Moult, D. Pablos, 
A. Rai, and K. Rajagopal arXiv: 2407.13818.]

Special thanks to Arjun Srinivasan Kudinoor and Dr. Zhong Yang
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Step 1: scale by 𝑅𝐿

Step 2: rotate and move to x axis

(x, y)

0 1 X

Y

[H. Bossi, A.S. Kudinoor, I. Moult, D. Pablos, 
A. Rai, and K. Rajagopal arXiv: 2407.13818.]

Quick Introduction to coordinate system (x, y)

Special thanks to Arjun Srinivasan Kudinoor and Dr. Zhong Yang
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Step 1: scale by 𝑅𝐿

Step 2: rotate and move to x axis

(x, y)

0 1 X

Y

Step 3: averaging the

degenerate pair

(x, y)

0 1 X

Y

[H. Bossi, A.S. Kudinoor, I. Moult, D. Pablos, 
A. Rai, and K. Rajagopal arXiv: 2407.13818.]

Quick Introduction to coordinate system (x, y)

Special thanks to Arjun Srinivasan Kudinoor and Dr. Zhong Yang
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Result for EEEC (x, y) 𝐏𝐛𝐏𝐛 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐩𝐩 𝐬𝐍𝐍 = 𝟓. 𝟎𝟐 𝐓𝐞𝐕

𝐚𝐧𝐭𝐢_𝒌𝑻𝑹 = 𝟎. 𝟖

𝛈𝐣𝐞𝐭 < 𝟐. 𝟓

𝟏𝟐𝟎 𝑮𝒆𝑽 < 𝑱e𝐭 𝒑𝑻 < 𝟏𝟒𝟎 𝑮𝒆𝑽

JEWEL 2.4.0 JEWEL 2.4.0

Turning on recoil effect gives enhancement to the EEEC in isosceles region (including equilateral region )

0.6 < R < 0.7
0% < Centrality < 10%
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Conclusion:

1. The medium effect contributes to different boosted and suppressed regions when looking from 𝑅𝐿 to 𝑅𝑆

2. There exists a potential invariance EEEC(𝜙) under JEWEL’s medium modification

3. The recoil effect seems to enhance the isosceles region of the triangle, while wake effect enhances mostly 
equilateral region:

[H. Bossi, A.S. Kudinoor, I. Moult, D. Pablos, 
A. Rai, and K. Rajagopal arXiv: 2407.13818.]
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Next step:

1. Do the same analysis with different models, like Hybrid Model, for instance, to check if this invariant property is 
just a JEWEL phenomenon.

2. Check with lower 𝑠 = 200 𝐺𝑒𝑉 to see if the invariance – like property still holds.

3. Provide possible explanation for the cancellation effect in EEEC(𝜙) with respect to different RL.

4. Further investigate the mechanism behind the different enhancement regions corresponding to wake and recoil 
effect.
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Wake Effect on EEEC (x, y) Recoil Effect on EEEC (x, y)


