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Substantial baryon excess in the midrapidity region

Net-proton as a function of rapidity in heavy ion collisions at several different energies. 

Yield of net-proton per nucleon of one nuclear at mid-rapidity is about 70/197/2 ≈0.17 
and 25/207/2 ≈0.06 at 8GeV (Beam rapidity is 2.14) and 158GeV (Beam rapidity is 5.13) 
respectively. 
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Substantial baryon excess in the midrapidity region
The right plot is the yield of net-
proton per nucleon at mid-rapidity 
as a function of beam rapidity. 

These points can be fitted by a 
exponential function 1.1e(−0.61𝛿𝑦). 

In a conventional picture, the 
valence quarks carry baryon 
quantum number in both the target 
and projectile. 

At sufficiently high energies these 
valence quarks pass through each 
other and end up far from mid-
rapidity in the fragmentation 
regions. 

What caused the non-zero net-
proton at mid-rapidity?
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Conjecture about baryon junction

This is a non-perturbative Y-shaped structure in 
gluon fields. 

The fraction of momentum carried by the baryon 
junction is far smaller than it carried by valence 
quarks. 

In heavy ion collisions, baryon junction have 
enough time to interact and stop at mid-rapidity. 

The valance quarks carry charge. So the question 
is whether they also carry the baryon quantum 
number. 

One of the most straightforward investigations of 
whether valence quarks carry baryon number is 
to study the correlations of charge and baryon 
stopping in heavy ion collisions. 
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𝐴𝑢 + 𝐴𝑢, 𝑠𝑁𝑁 = 200𝐺𝑒𝑉

The detector acceptance and efficiency will give difficulty in measuring the net-charge. 
𝑄 = 𝑁𝜋+ +𝑁𝐾+ +𝑁𝑝 − 𝑁𝜋− +𝑁𝐾− +𝑁 ҧ𝑝

And at the same time, numbers of pions and baryons also cause tiny charge difference.
𝜋+

𝜋−
< 1,

𝑝

ҧ𝑝
> 1 in heavy ion collisions because of the detail balance of isospin from neutron 

excess. Such as 𝑛 + 𝑋 ՞ 𝑝 + 𝜋− + 𝑋. 

The charge excesses in pions and baryons have opposite sign in A+A collisions and they 
would cancel to the first order. 

Test of baryon junction hypothesis with isobar collisions

5



Test of baryon junction hypothesis with isobar collisions

However, if we consider the isobar collisions

44
96𝑅𝑢 + 44

96𝑅𝑢 and 40
96𝑍𝑟 + 40

96𝑍𝑟

at 𝑠𝑁𝑁 = 200𝐺𝑒𝑉.

The detector acceptance and efficiency all cancel out between these two systems and allow 
us to detect very small differences in the charge stopping. 

And we can calculate the difference of net-charge between these systems by this method.

∆𝑄 ≈ 𝑁𝜋 𝑅2𝜋 − 1 +
𝑁𝐾
𝑁𝜋

𝑅2𝐾 − 1 +
𝑁𝑝

𝑁𝜋
𝑅2𝑝 − 1 ,

𝑅2 =
𝑁+
𝑅𝑢/𝑁−

𝑅𝑢

𝑁+
𝑍𝑟/𝑁−

𝑍𝑟
≈ 1 +

𝑁+
𝑅𝑢

𝑁+
𝑍𝑟 −

𝑁−
𝑅𝑢

𝑁−
𝑍𝑟

This approximation we assume that |𝑅2-1|<<1. 
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Test of baryon junction hypothesis with isobar collisions

According to the 
preliminary data 
presented by STAR 
Collaboration. 

All of the 𝑅2 meet

|𝑅2 − 1|~10−3 <<
1 .
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Test of baryon junction hypothesis with isobar collisions
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RHIC heavy ion collisions data
𝐴𝑢 + 𝐴𝑢, 𝑠𝑁𝑁 = 200𝐺𝑒𝑉



Test of baryon junction hypothesis with isobar collisions
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Charged hadron spectrum in RHIC heavy ion collisions
𝐴𝑢 + 𝐴𝑢, 𝑠𝑁𝑁 = 200𝐺𝑒𝑉



Test of baryon junction hypothesis with isobar collisions

Now we can estimate the difference of net-charge between two collisions systems. 

∆𝑄 = 𝑁𝜋 𝑅2𝜋 − 1 +
𝑁𝐾
𝑁𝜋

𝑅2𝐾 − 1 +
𝑁𝑝

𝑁𝜋
𝑅2𝑝 − 1

𝜎
∆𝑄

𝑁𝜋
= 𝜎 𝑅2𝜋−1

2 + 𝜎 𝑅2𝐾−1
2 (

𝑁𝐾
𝑁𝜋

)2+𝜎
𝑅2𝑝−1
2 (

𝑁𝑝

𝑁𝜋
)2+ 𝑅2𝐾 − 1 2𝜎

(
𝑁𝐾
𝑁𝜋

)

2 + 𝑅2𝑝 − 1
2
𝜎
(
𝑁𝑝
𝑁𝜋

)

2
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Test of baryon junction hypothesis with isobar collisions

Isobar collisions data from UrQMD. 
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Test of baryon junction hypothesis with isobar collisions

Then we calculate the charge stopping if this baryon stopping is completely due to valence 

quark stopping. From the table, we can get 
𝑁𝑝−𝑁ഥ𝑝

𝑁𝜋
of each centrality. 
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Test of baryon junction hypothesis with isobar collisions

And the baryon-to-pion ratio is 
𝐵

𝑁𝜋
= 𝐴𝐼 ×

𝑁𝑝−𝑁ഥ𝑝

𝑁𝜋
, 𝐴𝐼 is isospin factor with an imbalance 

between protons and neutrons. 

If baryon stopping is completely due to valence quark stopping, charge stopping is 
expected to be 

∆𝑄𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑞𝑢𝑎𝑟𝑘 = 𝑄𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑞𝑢𝑎𝑟𝑘,𝑅𝑢 − 𝑄𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑞𝑢𝑎𝑟𝑘,𝑍𝑟 = 𝐵 ×
∆𝑍

𝐴
∆𝑄𝑣𝑎𝑙𝑒𝑛𝑐𝑒 𝑞𝑢𝑎𝑟𝑘

𝑁𝜋
= 𝐴𝐼 ×

∆𝑍

𝐴
×
𝑁𝑝 −𝑁 ҧ𝑝
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Test of baryon junction hypothesis with isobar collisions

(𝜒2/𝑛𝑑𝑓)𝑅𝑢 = 66.61/8
(𝜒2/𝑛𝑑𝑓)𝑍𝑟 = 68.44/8
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Summary

Baryon number is one of the most strictly conserved physics quantities in the Universe. 
We presented a possible observable which may shed light into what carries this quantum 
number: is it quarks or a gluonic topological junction? All evidence points to the 
possibility of a baryon junction playing a significant role in the baryon stopping 
experimentally observed in rapidity distributions. Future data analyses and experiments 
with the proposed observables would provide conclusive answers to this fundamental 
question. 
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Test of baryon junction hypothesis with isobar collisions
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𝜒2 = 0.021


