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Motivation
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The Abelian decomposition of QCD tells that there are two types of gluons, the color neutral

o E I t I I I I
neurons and colored chromons. We propose to test the Abelian decomposition confirming the
° existence of two types of gluon jets experimentally. We predict that a quarter of the gluon jet is
1 4 4 made of the neuron jet which has the color factor 3/4 and has the sharpest jet radius and smallest
particle multiplicity, while the four-third of the gluon jet is made of the chromon jet with the color
factor 9/4 which has the broadest jet (broader than the quark jet). Moreover, we argue that the
neuron jet has a distinct color flow which forms an ideal color dipole, while the quark and chromon

e
of the gluon jet.

ing ghion jet events and look for the jet pattern which does not fit to the known charater

Keywords: Abelian decomposition, two types of gluons, neuron, chromon, decomposition of Feynman diagram

s have distorted dipole pattern. To test the plausibility of this proposal we suggest to renalize the

in QCD, neuron jet, chromon jet, color factors of neuron and chromon jets, quark and chromon model

I. INTRODUCTION

A common misunderstanding on QCD is that the non-

monopole condensation [2, 3] and the Abelian dominance
4, 5]. To prove the monopole condensation, we first have
to separate the monopole potential gauge independently.
Similarly, to prove the Abelian dominance we have to

Hes d Abelian color gauge symmetry is so tight that it defines  know what is the Abelian part and how to separate it.
the theory almost uniquely, and thus does not allow any
ion. This is not true. The Abelian decompo- Actually, the simple group theory tells that the color
sition of QCD tells that we can construct the restricted ~ &auge group has the Abelian subgroup generated by the
QCD (RCD) which inherits the full non-Abelian color ~ diagonal generators, and that the gauge potential which
L N AN N N N N N N NN Heos o gauge symmetry with the restricted potential obtained — correspond to these generators must be color neutral
by the Abelian projection. This tells that QCD has a while the potential which correspond to the off-diagonal
() non-trivial core, RCD, which describes the Abelian sub-  generators must carry the color. This strongly implies
dynamics of QCD but has the full color gauge symmetry.  that there are two types of glion, the color neutral ones
Moreover, it tells that QCD can be viewed as RCD which ~ and colored ones. And they should behave differently. If
Gen has the gauge covariant valence gluons as the colored 50, hlow can we separate them?
source [1, 2]. This is because the Abelian decomposition The Abelian decomposition tells how to do this.
Hes of decomposed the color gauge potential to the restricted ¢ decomposes the non-Abelian gauge potential to two
potential made of the color nentral glion potential and  parts, the restricted Abelian part which has the full non-
7 mO“f’PUI(‘ .pot(\,ntia.l and the gauge covariant Val_"““‘f po- Abelian gauge symmetry and the gauge covariant valence
/ tential which describes the colored gluons gauge indepen-  part which describes the colored gluons. Moreover, it
dently. separates the restricted potential to the non-topolog
; 4 Ge There are ample motivations for the Abelian decom- ~ Maxwell part which describes the colorless binding glu-
— position. Consider the proton made of three quarks. Ob-  ons and the topological Dirac part which describes the
viously we need the gluons to bind the quarks in the pro-  non-Abelian monopole [1, 2].
q \ ton. However, the quark model tells that the proton has This has deep consequences. It tells that QCD has
G P T no valence glion. If so, what is the binding ghion which (o types of gluons, the color neutral binding ghtons (the
bind the quarks in proton, and how do we distinguish it j1curons) and the colored valence gluons (the chromons),
(£ from the valence gluon? which play totally different roles. The neurons, just like
Another motivation is the color confinement in QCD.  the photon in QED, plays the role of the binding gluon.
Two popular proposals for the confinement are the ~ On the other hand the neurons, kike the quarks, play the
Gen role of the constituent gluon.
This allows us to prove the Abelian dominanc
Hey o - ) ) RCD is responsible for the confinement [4, 5]. Thi
irectronte adares: Z:;E;ﬁ:;:g‘l“;f:yg’f‘ed“_m cause the chromons, being colored, have to be confined.
r'r “Electronic address: zoulp5tmail.sysu.edu.cn So it can not play any role in the confinement. More-
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Gluon jet study @ LEP1

* LEP1 : Z0 peak energy
et +e > (¥,2°) - qq
v'\/s =91 GeV
— Z mass
= Pros and Cons

v Pros: No initial state color - clean jets
— up to 90% purity!

v Cons: difficult to access LEP data
— ALEPH, DELPHI, L3, OPAL

"But! You've got a friend”
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ALEPH 2-jet vs 3-jet events

et +e - qqg
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E(j1) > E(j2) > E(j3)

prU1) > prU2) > pr(s)
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‘Quark and Gluon jet proper
ties in symmetric three-jet e

vents”

ALEPH study on

= ALEPH 1996

v Phys. Lett. B 384, 353-364
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Sample

Number of jets

uds

b g

(J2 and J3)
T (J2 or J3)
B (J2 and J3)
C (J2 and J3)

45280
2071
872
40

314
6.1
2.9
0

3.8
1.7
3.0
35

113 485
22 900

445 500

15 50
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Quark and gluon jet properties in symmetric three-jet events
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X _E

« Fragmentation function

= like Bjorken x

E
v Xp=-2

E;
1 dN

vax, s @ function of X

— Gluons are softer
— Quarks are harder

v’ charged, neutral, all tracks
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ALEPH gluons



What if?
o if

= Color neutral gluons > few chunks

o

= Colored gluons > many fragments

S
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then

e then

* lose color neutral gluons

v"may not be reconstructed as jets
— need to save those jets

» show an excess in the small number of tracks
v'check this easily by seeing # of track of jets

= Jet shapes can be differents
v narrow jet (neurons) .vs. broad jet (chromons)

= Energy shares of tracks
v high share (neurons) .vs. low share (chromons)

2/28/2024 Gluon jet study
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* Neurons

» few end products
v excess in high X

e Chromons

= many end products

v excess in low X

« ALEPH already saw it?

2/28/2024
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The charged multiplicity distribution of anti-b tagged gluon jets with a rapidity gap in 0

<y=<1.5.
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Reanalyzing ALEPH gluons



Event selection

 Basic ALEPH event selections

= S1: Hadronic event selection
V Ny 213, Nepg=5 ZEqpy = 15GeV

= S2: 3-jet event selection
v Njors =3 (Ej > 10 GeV)
= S3: 3-jet geometry selection
v 012»013:023
- 912,913 = 150° + 7.5° (ALEPH)
- 912,913 = 150° + 15° (Ana1)
— 912,913 >120°&30° < 923 < 90° (AnaZ)
= S4 : b-jet tagging
v Only one of J2 and J3 must be a b-jet

2/28/2024 Gluon jet study

Number of Events

Figure 25: Invariant mass vel

rsus number of particles for all the events with at least two

harged particle tracks, from part of the 1992 ALEPH data. The two low-multiplicity peaks

c
have been truncated.
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b-tagging

4.2.2. The B sample: Lepton tag
° Ie pto n p > 3 G ev The presence of a high transverse momentum
(P, ) lepton has been widely used in the tagging of
Y I heavy flavour events and a standard lepton selection
epton pJ_ > 1 - 2 SGeV definition [15] exists within the ALEPH collabora-
tion. Electrons and positrons were selected using the
dE/dx capabilities of the TPC and estimators based
on the shape of the energy depositions in the ECAL.
Muons were selected according to digital hit informa-
tion recorded by the HCAL and the muon chambers.
The minimum momentum of any selected lepton was
3 GeV/c. In turn, the momentum of each selected
lepton was removed from its jet and its P; was cal-
culated with respect to the resulting jet axis. This is
known as the exclusive transverse momentum ( P$**!)
of the lepton.

The B sample was selected by requiring the pres-
ence of a lepton with P$** > 1.25 GeV/c in the high-
est energy jet. According to Jetset the flavour compo-
sition of this sample was: 88.9 +1.2%b, 6.1 £1.1%
c and 5% uds. The errors on these coefficients are
mainly systematic. They arise primarily from the un-
certainties in the Monte Carlo simulation of theb and ¢
fragmentation, lepton decay spectra and are estimated
as in [16].

2/28/2024 Gluon jet study 15



« ALEPH (1992'1994) . 912,013 = 150° +7.5°

Event selections

Selection(E>10) Data(EeGenKT5) MC(EeGenKT5) MCgen(EeGenKT5)
S0: Total 2455515 973769 973769
S1: Ny >= 13, Ne >=5, E. >= 15 GeV 2435374 767769 971683
S2: Number of jets(E > 10) == 339232 115581 107495
S3: 142.5 < angjyjo, angj1j3 < 157.5 22336 7943 8769
S4: only one btag in 2nd/3rd jets ( 2567 P 911 1109
 Anal (1992'1994) . 912,913 = 150° + 15°
Selection(E>10) Data(EeGenKT5) MC(EeGenKT5) MCgen(EeGenKT5)
S0: Total 2455515 973769 973769
S1: Ny >= 13, N. >=5, E. >= 15 GeV 2435374 767769 971683
S2: Number of jets(E > 10) == 339232 115581 107495
S3: 135 < angjyj, angj1j3 < 165 1100124 35082 39276
S4: only one btag in 2nd/3rd jets (J.ISGO P 3982 4756

 Ana?2 (1991'1995) . 912,913 > 120°& 30° < 023 < 90°

S2:
S3:
S4.

Selection(E>10)
SO:
S1:

Total

Ny >= 13, N >=5,> E. >= 15 GeV
Number of jets(E > 10) ==

120 < angj1jo, angj1j3AND30 < angjsj3 < 90
only one btag in 2nd/3rd jets

Data(EeGenKT5)
3281123
3254128

453885
305116

¢~ 36632\

MC(EeGenKT5)
973769

767769

115581

78235

9218

MCgen(EeGenKT5)
973769

971683

107495

84308

10177

_
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ALEPH analysis revisited

EeGenKT5

ALEPH

T T T T

Gluon(Data (10 <E))
Gluon(MC (10<E))
Quark(Data (10 <E))
Quark(MC (10<E))

1 1
3% Gluon(Data (10

<E)) stat.‘
~~~ Quark(Data (10 < E )) stat.

-

g
0 0.2 0.4 0.6 0.8 1
XEa\I
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+ Gluon(Data (10<E}))
ALEPH Gluon(MC (10 <E ))
Quark(Data (10 <E))
Quark(MC (10 <E))

3% Gluon(Data (10 < E)) stat. -+
“~~ Quark(Data (10 <E)) stat. Z

T
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Analysis 1

EeGenKT5 EeGenKT5 EeGenKT5
w w0 F w -
c + Gluon(Data (10<E)) € C « Gluon(Data (10 <E)) c o + Gluon(Data (10<E))
g [ AERH —— Gluon(MC (10 <E ) g oL ALEPH —— Gluon{MC (10<E )) N Gluon(MC (10 < E ))
5 107 Quark(Data (10 <E)) 5 1 E Quark(Data (10 <E )) 5 10 > Quark(Data (10 <E))
5 F Quark(MC (10 <E)) 5 = Quark(MC (10 <E)) 5 E Quark(MC (10<E))
[ £ Ll £
10° 108 L
2 UF 2 E 2
102 10° 102
10 10 10
: 1 1 | | 1 L L | | 1 E | 1 | | i 1 1
gl 23F X Gluon(Data (10 <E)) stat. sly 23F 5% Gluon(Data (10 <E)) gl 23F S Gluon(Data (10 < E)) stat.
3= 12E 77 Quark(Data (10 < E)) stat. 8= .28~ Quark(Data (10 < N—t— = 12E Quark(Data (10 < E})) stat.
o 16F o o 18F o 16F
'oa 14 & ﬁ 14E g 14 .
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s E Quark(MC (10 <E)) e 1ot E Quark(MC (10 <E)) 2> 10 E Quark(MC (10 <E))
3 F 2 = 8 F -
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4 F =z E z E
1% 107 10°E
F E s =
10 7 . 10 [
F ] E S
1? 1 E ‘ }
1‘2;57 L - P R B I . 10__‘5_._ R [P I L
sl EZ \\\Gluon(Dam (10<E)) slal 0 N3 Gluon(Data (10 < E )) stat. g \§\\t GIunn(Da‘ta (10 <E)) stat.
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Data excess appears
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Our obsevations & implications

» Data excesses in gluon jets
m XE

v Compared to MC, there are more charged tracks in t
he data that take a large energy share.

- Nchg

v 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.
v"MC tuning for fragmentations is required.
v Can this be natually explained by Cho-gluon theory?

2/28/2024 Gluon jet study 20



Jo's Event display
for
gluons without a charged track



EventNo0:3599, RunNo:10638

hadrons
leptons

photons
neutrals




EventNo0:4968, RunNo:12515

| \ Is this 0 ?




EventNo:1465, RunNo:12712

Single photon




EventNo0:2092, RunNo:12728

1 charged hadron + 1 neutral hadron




EventNo0:1863, RunNo:22560

Single neutral hadron




gluons without a charged track

* two photon mass

SR W

ORI )

 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.

. AIthouEh 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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