Baryon Junction at AGS?
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baryon number carrier

Three experimental approaches
at RHIC (3+1)

Other experimental results at FXT
Future with AGS proton beam?

Isobar
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o B,
(‘ S ,”/).

/
TS

)
n ® o P
| ° ® o o L.0® OF
® +1+ ++:+ P ] / o, ©
o td i 20 S
- : ] R ©
(4 ol e, 0 o P §¢ @
s | @, 2 amaatas: b
oton N 59 %0 | SN A
N3 O\ SURGY e/ O\ SUG &F
\/ 1 GQQO =-1 8 )
fi e [}
I+ 44+
® ® C
M e

_ enter for Nuclear
New Horizon of FXT at AGS 07/2025 ‘ Research

EER, U.S. DEPARTMENT OF Office of

YENERGY science




Google Al overview:

4 Al Overview XE
%) Listen

A baryon junctionis a
point where three string

operators merge in a ' d

baryon wave function. The '

baryon junction is a signifi-

cant factor in the dynamics of baryon
stopping at high energies. ¢

Explanation

e The baryon junction is a result of the local
gauge invariance of the baryon wave
function. o

e The baryon junction has been observed in
data from the Relativistic Heavy lon
Collider (RHIC). o

e The baryon junction can be tested in semi-
inclusive deep inelastic scattering at the
Jefferson Laboratory and the Electron lon
Collider. o

e The baryon junction can be used to explain
the baryon excess in the midrapidity region
of ultra-relativistic nucleus-nucleus
collisions. @

e The transport of baryonic gluon junctions
can lead to an exponential distribution of
net-baryon density.



Quantum Chromodynamics (QCD

In nuclel, 99% of the matter
mass IS generated by the
strong Interaction

What is the dominant feature
in all these snapshots? *

7 \
7L

!
M

‘\‘““n,'
7

)

" )

i 3
AT

\\\-,\m,'l
[

iy '
RTINS



Model implementations of baryons at RHIC

* Many of the models used for
heavy-ion collisions at RHIC
(HJING, AMPT, UrQMD) have
|mplemented a nonperturbative
baryon stopping mechanism

V. Topor Pop, et al, Phys. Rev. C 70, 064906 (2004)
Zi-Wei Lin, et al, Phys. Rev. C 72, 064901 (2005)
M. Bleicher, et al, J.Phys.G 25, 1859-1896 (1999)

* Baryon Stopping

* Theorized to be an effective mechanism of
stopping baryons in pp and AA

D. Kharzeev, Physics Letters B 378, 238-246 (1996)

* Specific rapidity dependence is
predicted:

p — ~e_aBy
~=0.5

2003 RBRC Workshop on “Baryon Dynamics at RHIC”

Organized by D. Kharzeev, M. Gyulassy, N. Xu

- Pomeron (2 strings)
HIJING, UrQMD

Junction (4 strings)
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Di-quark breaking (3 strings)

Di-quark cross section?

>

X-N Wang March 2002 Baryon Dynamics at RHIC

D. Kharzeev, Physics Letters B 378, 238-246 (1996)
“Can gluons trace baryon number?”

1996 2025

“Science, however, is never
conducted as a popularity
contest...” --- Michio Kaku

BUT citations ARE



Junction anti Junction Gluon
“Graphite”

'\q’ Junction
./ AntiJunction
4

Veneziano, 50 years of QCD

J-Balls

arXiv:1603.05830
Baryonium Torus, O.l. Piskounova
hep-ph/1909.08536
Oy
% Femto-meter scale Nano-meter scale )
® CP Odd vs Even J Ribbons

Frank Wilzcek §§ (JJ_) 12 CP-Even J-Prisms (4,4,2") CP-Odd J-Moebii

(2023) :3 - V=12, E=18 V=10, E=15

Sticky Gluons, or Vertons

(100) & 00,100 & (0,0.1) + venon (=1,=1, =1}

Buckyballs and gluon junction
networks on the femtometre scale (4,6,6)

0. Q@ J /5
Baryon Junction \% Anti-Junction i / Junction

D. Kharzeev, PLB 378 (96) _
S. Vance, M. Gyulassy, XN Wang, PLB 443 (98) ) )
T. Csorgo, M. Gyulassy, D. Kharzeev, PG 30 (2004) L17  “Anti-Baryon g, Junction Carbon Bonds

(5363 6) 44,6



~

Y-Shaped Baryon Flux-Tube in Lattice QCD

« Some lattice calculations
have suggested the
formation of aY-shaped color
flux tube among the three
quarks at long distances
T.T. Takahashi, et al Phys. Rev.
Lett. 86, 18 (2001).

T. Takahashi, et al, Phys. Rev. D
65, 114509 (2002)
Takahashi, RBRC workshop 2003

« Still under investigation
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Finite Temperature LQCD?

r'\Q “’ N . ‘I"-»._\\
F. Bissey, et al Phys. Rev. D 76, 114512 (2007)

11/30/2021 Nicole Lewis, BNL NP Seminar




Measurements of quark electric charges

Scattering cross section 0 X 83

(2/3)7+(1/3)°+(1/3)°=2/3
(2/3)%+(2/3)*+(1/3)*=1
(1/3)°+(1/3)*+(1/3)*=1/3
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Figure 53.2: World data on the total cross section of eTe™ — hadrons and the ratio R(s) = o(eTe” —
hadrons,s)/a(ete™ — utu=,s). a(e"e” — hadrons,s) is the experimental cross section corrected for initial state
radiation and electron-positron vertex loops, a(ete™ — utu~,s) = 4ma®(s)/3s. Data errors are total below 2 GeV
and statistical above 2 GeV. The curves are an educative guide: the broken one (green) is a naive quark-parton model

Riordan, Science 1992
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Flg. 8. Comparison of structure functions mea-
sured in deep inelastic neutrino-nucleon scat-
tering experiments on the Gargamelle heavy-
liquid bubble chamber with the MIT-SLAC data
[(®), Gargamelle, F3N; (x), MIT-SLAC, (18/
5)F2N]. When multiplied by 18/5, a number
specified by the quark-parton model, the elec-
tron scattering data coincide with the neutrino
data. 7



Measurements of quark baryon number?

* Textbook picture of a proton
* Lightest baryon with strictly conserved baryon number
* Each valence quark carries 1/3 of baryon number
* Proton lifetime >1034 years
* Quarks are connected by gluons

 Alternative picture of a proton
* Proposed at the Dawn of QCD in 1970s
* AY-shaped gluon junction topology carries baryon number (B=1)
* The topology number is the strictly conserved number
e Quarks do not carry baryon number
* Valence quarks are connected to the end of the junction always

* Neither of these postulations has been verified experimentally

Wl =

[1]: Artru, X.; String Model with Baryons: Topology, Classical Motion. Nucl. Phys. B 85, 442—-460 (1975).
[2]: Rossi, G. C. & Veneziano, G. A; Possible Description of Baryon Dynamics in Dual and Gauge Theories. Nucl. Phys. B 123, 507-545 (1977)



Three approaches toward tracking the origin
Of the baryon number N. Lewis, et al., arXiv:2205.05685

1. STAR Method: ,
Charge (Q) stopping vs baryon (B) s = 1B
stopping:
if valence quarks carry Q and B,
Q=B at middle rapidity

2. Kharzeev-STAR Method:
If gluon topology (J) carries B as one

unit, it should show scaling according 10 ooy - e \“‘xﬁ___‘ c
to Regge theory p = ~e~UBY 10f ;‘32:3025?3.’;E‘“<2ﬁif’n°'4i”<1;sz'w“' I = B
107 F !!,:*‘f—" ]
3. Artru Method: p =05 % ‘O: H+++++++++“i;l3‘”¥ ****************
In y+Au collision, rapidity asymmetry st Yy 406
can reveal the origin ‘O: ,,,—ﬂ*‘* T N % 1 v ]
i e e NI :

y'Ybeam (_H
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From baryon stopping:
B*(AZ/A)~=2x103

o [ ]
T 101 /T —
NLI - -
t — -
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0 o | el R -
'|:', - STAR Preliminary T *
x [ Isobar s =200 GeV i
X 0.5<y<05 .
0.99— statistical uncertainty only —
| | 1 | 1 L L 1
o1 % 05 1 p. (GeVic)
L p . _
l | 0 The double ratios of " /7
I and p/pngre larger than 1. Due
11— .
I to extra charge in Ru?
B 0-10% 10-20% . — .
: : a0 : ros0m 0 The double ratios of K~ /K™ is
09 e 80% consistent with unity within
B - E— 15 uncertainties.

Yang Li

Quark Matter 2022

Charge stopping:
AQ ~=1x103



Separate charge and baryon transports

Charge number transport
X103

STAR, arXiv:2408.15441

Baryon number transport
X102

£ 4 7
28 STAR Ru+Ru, Zr+2r STAR Ru+Ru, Zr+Zr
< Vsun =200 GeV, |y| < 0.5 6 /syv =200 GeV, |y| <0.5
S} 5} =B
: : . g =
S a4t
N > | 5 E E
: = st
o Q
+ 1k = (=] = i=]] 2 -
032 — UrQMD —— UrQMD
— ® Data 1t
® Data
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Centrality  Tommy Tsang (KSU) for STAR, APS GHP 2023 Centrality

UrQMD matches data on charge stopping better in peripheral; better on baryon stopping in central
overpredicts charge stopping in central; underpredicts baryon stopping in peripheral
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FXT baryon rapidity loss

The average close to beam rapidity

(limiting Fragmentation)
does not reflect the “tail” at high rapidity
35
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Figure 3: Rapidity losses from AGS, SPS and RHIC as a func-
tion of beam rapidity. The solid line is a fit to SPS and RHIC
data, and the band is the statistical uncertainty of this fit. The
dashed line is a linear fit to AGS and SPS data from [15].
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Figure 5: Projectile net-baryon rapidity density

(1/Npart/2)dNP % /dy! from  SPS and RHIC
subtraction of the ta,rget net-baryon contribution (see Fig. 4).
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Quantifying baryon number transport

STAR, Phys. Rev. C 79 (2009) 34909; 96 (2017) 44904

 RHIC Beam Energy Scan (BES-I)
span large range of rapidity shift

o
* Exponential with slope of \I.>|;;
ag =0.61+0.03 =
Z
-
e Consistent with the baryon 3
junction transport by gluons: %
ap~=0.5+A
A~=0.1

N. Lewis, et al., arXiv:2205.05685

1 u) I I
: AGS E802
. -4 SPS NA49
N = RHIC STAR
%‘Ay & RHIC BRAHMS -
'3 <~ RHIC STAR BES-|
01 | ¢.m — LHC ALICE T
~‘m~$ :
Central A+A collisions e
0.01 ¢ - - - Fit: 1.1 exp(-0.61 dy) “\l E
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1. STAR Method:

3.

Three approaches toward tracking the origin

of the baryon number

Charge (Q) stopping vs baryon (B)

stopping:
if valence quarks carry Q and B,
Q=B at middle rapidity

B/Q=2
Kharzeev-STAR Method:

If gluon topology (J) carries B as one unit, %
it should show scaling according to *é
Regge theory B —apy =&
05=0.61 p=r~e "5 2%

ag ~=0.5 o

Artru Method:
In y+Au collision, rapidity asymmetry can
reveal the origin

og(A+A)=0.61< ax(y+A)=1.1< agz(PYTHIA)

STAR, https://arxiv.org/pdf/2408.15441

STAR, arXiv:2408.15441
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“Final-State” baryon
junction in PYTHIA 8.x

Junction treatment (PYTHIA MANUAL 8.x)

A junction topology corresponds to an Y arrangement of
strings i.e. where three string pieces have to be joined up
in a junction. Such topologies can arise if several valence
quarks are kicked out from a proton beam, or in baryon-
number-violating SUSY decays. Special attention is
necessary to handle the region just around the junction,
where the baryon number topologically is located. The
junction fragmentation scheme is described in [Sjo03,
2003]. The parameters in this section should not be
touched except by experts.

Peter Skands, 2021
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https://pythia.org/latest-manual/Bibliography.html#refSjo03

NET BARYON NUMBER TRANSPORT VIA GLUONIC JUNCTIONS vs SPS data

S Vance, MG, XN Wang Phys.Lett.B443:45-50,1998
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What do we know about u+p (d) collisions

280 GeV muon on hydrogen and deuterium targets g5

Diquark Lund model predicts a flavor dependence = 04

of backward proton production (20%)
while data shows little-to-no dependence

Fig. 5a-d. Average multiplicities from the H, (full circles) and the D,
target (open circles) vs. W for backward protons a, backward
antiprotons b. The histograms show the Lund model predictions (full
line: H, target, dashed line: D, target, full line only where both are
the same)

the Lund model (JETSET62) predicts a higher yield of backward
going protons from hydrogen than from deuterium, an effect which is
less pronounced in the data.

Total citations: 19
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Simulation at present day

Same kinematics as EMC,
reproduce the simulation result

Next, using EIC kinematics,

Ia)‘ ' ' ' ' ' ' ' EMC data flsp —F4— |
( EMC data p+d —Jl— |

0.8+
t 280 x0GeV LUND pp se—
t LUND p+d
L X <0 BeAGLEe+p = mm |
0.6 BeAGLEc+d = mar|

<n>Net P
-
L
|

0.2}

21 o)
| 280 x0GeV
| Xg < 0

Ratio({n)yey.p)
— .

EMC data p+p(d) —l—
LUND prp(d) se—
BeAGLE e+p(d) = m 1
0.5 —
0 5 10 15 20
W (GeV)

FIG. 7. The W dependence of the net-proton for u+p and
p+d at 280-GeV muon on fixed targets are shown in panel
(a). The ratios between p+p and p+d are presented in panel
(b). Data and LUND model calculations are extracted from

Ref. [15].

Niseem Magdy (SBU), arXiv:2408.08713

Does proton transport
independent of target flavor

18



AGS FXT p+A collisions

E910 (Spokesperson: Brian Cole) E941 (Spokesperson: Huan Z. Huang)

E910, Phys.Rev.C77:015209,2008 E941, PHYSICAL REVIEW C 65 014904 (2001, 2003)
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FIG. 7: Inclusive p-Be ©F production cross section data and fits FIG. 8: Inclusive p-Be m~ production cross section data and fits
vs. m7 momentum, at 17.5 GeV /c incident proton momentum. vs. 77 momentum, at 17.5 GeV /c incident proton momentum. ‘
Fits are defined in Table [T Fits are defined in Table [[1l

FIG. 6. Relative yields of protons, A**’s, and A’s with respect
to neutrons as a function of rapidity in p+Pb collisions at
19 GeV/c compared with RQMD predictions.
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AGS leading baryon study in p+A collisions

The E941 p/n ratio indicates that the simple diquark-
quark fragmentation scheme, which predicts a proton-to-
neutron ratio of 2, is unlikely to be the only relevant process
in p+ A collisions for leading baryons in our rapidity accep-
tance. In order to explain a p/n ratio of unity we have to
include other fragmentation schemes, perhaps even dominat-

ing over the diquark-quark fragmentation in the relevant ki-
nematic region, such as three-quark fragmentation and/or
gluon junction fragmentation. Our measurement 1s a unique
constraint to these additional fragmentation functions. The
significant presence of three-quark and gluon junction frag-
mentation processes would indicate that the incident proton
1s very brittle in nuclear collisions and is likely to fragment
Into pieces.

E941, PHYSICAL REVIEW C 67, 014902 (2003)

through a gap of five units of rapidity. In order to understand
the dynamics of baryon number transport and, in particular,
to possibly study the gluon junction interaction process, we
should measure exclusive leading charged and neutral par-
ticles in the proton hemisphere in p+ A collisions at RHIC.
A gluon junction interaction event 1s likely to produce a to-
pology with exclusive leading mesons from valence quarks.
Comprehensive measurement of all leading particles will
provide more constraints on the dynamics of baryon number

transport and energy deposition at midrapidity in nuclear col-
lisions.

Junction
B=1

Junctions as baryon
carrier

Colliding proton

— >
4 Baryon ® R Q >
Junction Stopped
W B Baryon 3 Mesons
®
.......................................... \ o
> 0
.......................... : o —




E941, PHYSICAL REVIEW C 65 014904 (2001)

N
Isobar (p+Be/Li) §
5 25 D Al
|

Measure rapidity dependence
of charges and baryons using

-2
I||||I||III|IIIIII|I|
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Detector for AGS FXT p+A collisions

E910 (Spokesperson: Brian Cole)

'r0|= wall CKOV EOS TPC
cou¢nter MPS Magnet /
‘ Beam-line
Target
DC4 1 Bullseye

FIG. 2: The E910 spectrometer layout.

Combine the best of E910 and E941,
E910 EOS TPC—> Silicon Tracker

E941 (Spokesperson: Huan Z. Huang)
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\ 2
— [ ] \\\ \ 0
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0 5 10 15 20 25 30 (meters)

T T TT14
2

Elevation view
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E941 spaghetti hadronic calorimeter with time = Imaging Calorimeter
E941 Hodoscope TOF = AC-LGAD TOF+ Scintilating fibers + high-p PID
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Separation of charge and baryon transports at
RHIC and AGS

The discovery of the J particle: A personal recollection* STAR, Phys. Rev. C 79 (2009) 34909; 96 (2017) 44904
iaa::zl:he:secn‘; i-s:i:i:if Tec.‘;nalo Cambridge, Massachusetts, USA N : LeWi S’ et al °’ a rX iV: 2205 ‘ 05 685
und. CERN, European Organizafl’ong}zr NZIe;rg;esear;Z. C;‘::e;;. Swirzerland
1000 1 ] ] | I I I 1 | -
- - - AGS E802 ]
I = -4- SPS NA49 :
o 0 [ - & RHIC STAR i
& ‘.?é_ a -©- RHIC BRAHMS .
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5§ S 01¢F — LHC ALICE E
g n Z " ]
I N A MIT-BNL — s i :
2 - m USSR | . k= i i i
< R ® Fermilab (Smith and Pilcher) | 8 RS
o ~
o1 - & Fermilab (Lederman) N prd B ¥ % . .
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i ] 0.01 - - - Fit: 1.1 exp(-0.61 dy) t. E
510 zJoo 5é>o ec|>o 1300 I . , ! ! ! I .
Equivalent incident proton energy (GeV) in the lab.
| ' | 1 2 38 4 5 6 7 8 9
In Fig. 15 are listed some of the relative yields of J 8y=Y Y
production from various proton accelerators. It seems beam " cm
that I had chosen the most difficult place to discover the AGS isobar RHIC isobar -

J.



Conclusions and Perspectives

* Baryon number is a strictly conserved
quantum number,
keeps the Universe as is

* We did not know what its carrier is;_
It has not been experimentally verified one
way or the other until now

 RHIC Beam Energy Scans provide unique
opportunity in studying baryon number
transport over large unit of rapidity

* RHIC Isobar collisions provide unique
opportunity in studying charge and baryon
transport

* Experimental verification of the simplest
QCD topology

e Baryon junction (if exists) is a non-
perturbative object

* AGS FXT with 25 GeV proton beam is at
the limit of where we can test baryon
junction

* |sobar collisions to measure charge transport
(quark transports),

Zr/Ru; ’Li/’Be

* AGS can measure the baryon junction
transports using its full rapidity range

* Explore other signatures with baryon-
multiplicity correlations, Omega+3meson
correlations




DNP 2025
Fall Meeting of the APS

Division of Nuclear Physics

Chicago, IL | Oct. 17-20, 2025

Workshops

Each workshop will consist of around six 30 min invited presentations, with workshops being held on
the morning of 17 October 2025 and the afternoon of 20 October 2025. The agenda for each
workshop is given in the DNP Epitome.

Workshops: 9:00 am — 12:30 pm 17 October 2025

1. Advanced Sensors for Nuclear Decay Experiments
Organizers: Joe Formaggio (MIT), Kyle Leach (CO School of Mines), Dave Moore (Yale), and Joel Ullom
(NIST)
This workshop will explore cutting-edge sensor technologies that are revolutionizing precision
measurements in nuclear decay studies. Topics will include advancements in superconducting and other
cryogenic devices, optomechanical sensors, and Cyclotron Radiation Emission Spectroscopy (CRES),
highlighting their role in probing fundamental physics beyond the Standard Model. This workshop aims to
foster collaboration across many disciplines to drive innovation in next-generation detection techniques
for rare isotope studies, weak interaction measurements, and new physics searches.

2. Aspects of Weak Binding Effects in Nuclear Structure and Reactions
Organizers: Heather Crawford (LBNL) and Augusto Macchiavelli (ORNL)
This workshop will focus on the impacts of weak binding on nuclear structure and reactions. Studies of
near-dripline, dripline and beyond-the-dripline nuclei will be presented and discussed across a range of
experimental techniques and observables. Theoretical advances to describe these systems and their
dynamics will also be discussed.

3. Baryon Number Transport in Hadronic and Photon-induced Collisions

Organizers: Rongrong Ma (BNL), Prithwish Tribedy (BNL), and Zhangbu Xu (Kent State)

In this workshop, we will bring together leading experts in theory and experiment to discuss the current
understanding of what carries the baryon number and the baryon number transport mechanism in nuclear
collisions, and provide guidance on future directions of exploration.

. Data Science for Nuclear Physicists
Organizers: Julie Butler (Mount Union) and Cristano Fanelli (W&M)
As data science, machine learning, and artificial intelligence are becoming increasingly important tools for
performing research, this workshop aims to introduce machine learning and artificial intelligence
approaches in the context of solving nuclear physics problems. The workshop will start with an
introduction to machine learning and neural networks and will also cover convolutional neural networks,
graph neural networks, and generative Al for fast simulations.

5. Fundamental Symmetry Tests and BSM Searches at n-n’' Factories
Organizers: Liping Gan (UNCW) and Alexander Somov (JLab)
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https://en.wikipedia.org/wiki/Quark

Baryon Number (B) Carrier

* Textbook picture of a proton
* Lightest baryon with strictly conserved baryon number
* Each valence quark carries 1/3 of baryon number
* Proton lifetime >1034 years
* Quarks are connected by gluons

 Alternative picture of a proton
* Proposed at the Dawn of QCD in 1970s
A Y-shaped gluon junction topology carries baryon number (B=1)
The topology number is the strictly conserved number
Quarks do not carry baryon number
Valence quarks are connected to the end of the junction always

* Neither of these postulations has been verified experimentally

Wl =

[1]: Artru, X.; String Model with Baryons: Topology, Classical Motion. Nucl. Phys. B 85, 442—-460 (1975).
[2]: Rossi, G. C. & Veneziano, G. A; Possible Description of Baryon Dynamics in Dual and Gauge Theories. Nucl. Phys. B 123, 507-545 (1977)
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Abstract

QCD as a gauge non-Abelian theory imposes severe constraints on the structure of the baryon wave function. We
point out that, conirary to a widely accepted belief, the traces of baryon number in a high-energy process can reside in
a non-perturbative configuration of gluon fields, rather than in the valence quarks. We argue that this conjecture can be
tested experimentally, since it can lead to substantial baryon asymmetry in the central rapidity region of ultra-relativistic
nucleus-nucleus collisions.

In QCD, quarks carry colour, flavour, electric charge
and isospin. It seems only natural to assume that they
also trace baryon number. However, this latter assump-

X [Pexp <ig‘/Ade”)q(x3)] . (1)
k

X3

There is only one way to construct a gauge-invariant
state vector of a baryon from quarks and gluons

which is ignored in most of the naive quark model for- of gauge invariant oerators representing a hacyon i
mulations. This constraint turns out to be very severe; QCD. With properly optimised parameters

in fact, there is only one way to construct a_gauge- extensively in the first principle computation
invariant state vector of n from guark - tice Monte Carlo attempting to determine th|

ons [1] (note however that there is a large amount of mass. The purpose of this work is to stud;
in the central region of nucleus-nucleus col]
of baryon number should be associated no

freedom in choosing the paths connecting x to x;):
perturbative g

B = é€V* [P exp (ig/Audx") g(x1 )j|
X1 i
tion of gluon fields located at the

X
x [P exp (ig / Apdxt >¢1(x2)] junction” [1]. This can be nicely illustrat
XZ J string picture: let us pull all of the quarks a
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of the produced baryons will in general differ from
the composition of colliding protons.

Why then is the leading baryon effect a gross feature
of high-energy pp collisions? The reason may be the
following. The string junction, connected to all three
of the valence quarks, is confined inside the baryon,
whereas pp collisions become on the average more
and more peripheral at high energies. Therefore, in a
typical high-energy collision, the string junctions of
the colliding baryons pass far away from each other in
the impact parameter plane and do not interact. One
can however select only central events, triggering on
high multiplicity of the produced hadrons. In this case,
we expect that the string junctions will interact and

It 1s evident from the structure of ( 1)
it aiiubebassttis that the trace of baryon number should
rcanrrengers be associated not with the valence
quarks, but with a non-perturbative
configuration of gluon fields located at

the point x - the “string junction™ .

[4]. These two observations combined indicate the
existence of an appreciable baryon stopping in central
pp collisions even at very high energies [3].

Where else do we encounter central baryon-baryon
collisions? In a high energy nucleus-nucleus collision,
the baryons in each of the colliding nuclei are densely
packed in the impact parameter plane, with an average
inter-baryon distance

r e (pro) 1247V, (4)

where p is the nuclear density, ro ~ 1.1 fm, and A
is the atomic number. The impact parameter b in an
individual baryon-baryon interaction in the nucleus-
nucleus collision is therefore effectively cut off by the
packing parameter: b < r. In the case of a lead nu-
cleus, for example, » appears to be very small: r ~
0.4 fm, and a central lead-lead collision should there-
fore be accompanied by a large number of interactions
among the string junctions. This may lead to substan-
tial baryon stopping even at RHIC and LHC energies.

‘We shall now proceed to more quantitative consid-
erations. In the topological expansion scheme [ 1], the
separation of the baryon number flow from the flow
of valence quarks in baryon-(anti)baryon interaction
can be represented through a z-channel exchange of
the quarkless junction-antijunction state with the wave
function given by

X2 i
M} = e’ [P exp (ig‘/A/de")] ‘
x1 4

X2

j
x [P exp (ig / A,,dx")]
X1 j’
X2 &
X [Pexp (ig/A,de"H . (5)
K

The structure of the wave function (5) is illustrated in
Fig. 1b - it is a quarkless closed string configuration
composed from a junction and an antijunction. In the
topological expansion scheme, the states (5) lie on
a Regge trajectory; its intercept can be related to the
baryon and reggeon intercepts [1]:

(6)

1
@ (0) ~2ap(0) — 1 +3(1 —agr(0)) ~ 3
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