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Motivation

• ”Experimental verifica
tion of Two types of 
Gluon Jets in QCD”

▪ Y.M. Cho et al. 
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Gluon jet study @ LEP1

• LEP1 : Z0 peak energy

▪ 𝒆+ + 𝒆− → (𝜸, 𝒁𝟎) → 𝒒𝒒

✓ 𝒔 = 𝟗𝟏 𝑮𝒆𝑽

– Z mass

▪ Pros and Cons

✓Pros: No initial state color → clean jets

– up to 90% purity!

✓Cons: difficult to access LEP data

– ALEPH, DELPHI, L3, OPAL
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”But! You’ve got a friend”



ALEPH 2-jet vs 3-jet events
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𝒆+ + 𝒆− → 𝒒𝒒 𝒆+ + 𝒆− → 𝒒𝒒𝒈



𝒆+ + 𝒆− → 𝒒𝒒𝒈
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jet1

jet2

jet3

𝒑𝑻 𝒋𝟏 > 𝒑𝑻 𝒋𝟐 > 𝒑𝑻 𝒋𝟑

𝑬 𝒋𝟏 > 𝑬 𝒋𝟐 > 𝑬 𝒋𝟑



ALEPH study on gluon jets

• “Quark and Gluon jet proper
ties in symmetric three-jet e
vents”
▪ ALEPH 1996

✓ Phys. Lett. B 384, 353-364
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X_E

• Fragmentation function

▪ like Björken x

✓𝑿𝑬 =
𝑬𝒑

𝑬𝒋
𝟏

𝑵

𝒅𝑵

𝒅𝑿𝑬
as a function of 𝑿𝑬

– Gluons are softer

– Quarks are harder

✓charged, neutral, all tracks
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ALEPH gluons 



What if?

• if

▪ Color neutral gluons → few chunks

▪ Colored gluons → many fragments
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then

• then

▪ lose color neutral gluons

✓may not be reconstructed as jets
– need to save those jets

▪ show an excess in the small number of tracks

✓check this easily by seeing # of track of jets 

▪ Jet shapes can be differents

✓narrow jet (neurons) .vs. broad jet (chromons)

▪ Energy shares of tracks

✓high share (neurons) .vs. low share (chromons)
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Expectation

• Neurons

▪ few end products

✓excess in high 𝑿𝑬

• Chromons

▪ many end products

✓excess in low 𝑿𝑬

• ALEPH already saw it?
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nch
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The charged multiplicity distribution of anti-b tagged gluon jets with a rapidity gap in 0 
≤ y ≤ 1.5.



Reanalyzing ALEPH gluons 



Event selection

• Basic ALEPH event selections
▪ S1 : Hadronic event selection

✓ 𝑵𝒕𝒓𝒌 ≥ 𝟏𝟑, 𝑵𝒄𝒉𝒈 ≥ 𝟓, 𝚺 𝑬𝒄𝒉𝒈 ≥ 𝟏𝟓 𝐆𝐞𝐕

▪ S2 : 3-jet event selection

✓ 𝑵𝒋𝒆𝒕𝒔 = 𝟑 (𝑬𝒋 > 𝟏𝟎 𝐆𝐞𝐕)

▪ S3 : 3-jet geometry selection

✓ 𝜽𝟏𝟐, 𝜽𝟏𝟑, 𝜽𝟐𝟑
– 𝜽𝟏𝟐, 𝜽𝟏𝟑 = 𝟏𝟓𝟎° ± 𝟕. 𝟓° (ALEPH)

– 𝜽𝟏𝟐, 𝜽𝟏𝟑 = 𝟏𝟓𝟎° ± 𝟏𝟓° (Ana1)

– 𝜽𝟏𝟐, 𝜽𝟏𝟑 > 𝟏𝟐𝟎° & 𝟑𝟎° < 𝜽𝟐𝟑 < 𝟗𝟎° (Ana2)

▪ S4 : b-jet tagging

✓ Only one of J2 and J3 must be a b-jet
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j3

j2

j1



b-tagging

• lepton 𝒑 > 𝟑GeV

• lepton 𝒑⊥ > 𝟏. 𝟐𝟓GeV
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𝒑 > 𝟑GeV

𝒑⊥ > 𝟏. 𝟐𝟓GeV



Event selections

• ALEPH (1992-1994) : 𝜽𝟏𝟐, 𝜽𝟏𝟑 = 𝟏𝟓𝟎° ± 𝟕. 𝟓°

• Ana1 (1992-1994) : 𝜽𝟏𝟐, 𝜽𝟏𝟑 = 𝟏𝟓𝟎° ± 𝟏𝟓°

• Ana2 (1991-1995) : 𝜽𝟏𝟐, 𝜽𝟏𝟑 > 𝟏𝟐𝟎° & 𝟑𝟎° < 𝜽𝟐𝟑 < 𝟗𝟎°
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ALEPH analysis revisited
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There is no noticeable tendency to exceed



Analysis 1
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Data excess appears



Analysis 2
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Data excess appears



Our obsevations & implications

• Data excesses in gluon jets
▪ 𝑿𝑬
✓Compared to MC, there are more charged tracks in t

he data that take a large energy share.

▪ 𝑵𝒄𝒉𝒈

✓Compared to MC, more gluon-like jets without a cha
rged track are found in the data.

• Implications
▪ It is unclear whether this is simply MC's fault 

or if there is any gluon anomaly in the data.
✓MC tuning for fragmentations is required.

✓Can this be natually explained by Cho-gluon theory?  
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Jo’s Event display
for

gluons without a charged track



EventNo:3599, RunNo:10638

2/28/2024 Gluon jet study 22

red hadrons

blue leptons 

green photons

yellow neutrals



EventNo:4968, RunNo:12515
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Is this 𝝅𝟎 ?



EventNo:1465, RunNo:12712
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Single photon



EventNo:2092, RunNo:12728
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1 charged hadron + 1 neutral hadron



EventNo:1863, RunNo:22560
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Single neutral hadron



gluons without a charged track

• two photon mass

• such gluons have pi0, however no notice
able difference is found
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Conclusions

• We followed ALPEH's previous analysis.
▪ Similar results were obtained.

• We applied looser requirements than ALEPH to find 
any unusual gluons.
▪ There are more gluons with charged tracks with a large en

ergy share in the data compared to MC
▪ Neutral gluons, which do not have a charged track, are mo

re abundant in the data.

• Although we cannot directly say whether Cho-gluons 
exist, there are several aspects of the gluons in data 
that cannot be explained by current standard MC.
▪ A more in-depth study of the Gluon Anomaly is needed, su

ch as using a different jet algorithm or changing the defini
tion of a jet.

▪ MC research at the generator level is also necessary for unf
olded analysis.
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