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What about baryon number?




Outline

+ Baryon junctions overview/experimental status
“+ New theory results on Regge intercepts

*» Semi-inclusive DIS and novel experimental signatures



Motivation: what carries the baryon number?
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Motivation: what carries the baryon number?
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‘ Gauge invariance

B(x1, 2,23, x) = €7 [P(xy,x) q(z1)]; [P(x2,2) q(2)]; P23, ) q(x3)],
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G.C. Rossi and G, Veneziano, Nucl. Phys. B 123 (1977)



Can baryon junction carry the baryon number?




Baryon Stoppi ng in pp and AA Can gluons trace baryon number?

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

Dashed lines denote junctions
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Baryon Stoppi ng in pp and AA Can gluons trace baryon number?
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Baryon Stopping in pp and AA Can gluons t:)a.iczaizzon number?
dN
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G.C. Rossi and G, Veneziano, Nucl. Phys. B 123 (1977)
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Recent experimental works

Search for baryon junctions in photonuclear processes and isobar
collisions at RHIC
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Recent experimental works
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RHIC Beam Energy Scan data
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RHIC Beam Energy Scan data
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RHIC Beam Energy Scan data
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What other processes can probe
the carrier of baryon number?




Initial motivation: exclusive o production

W.B. Li et al.
P Phys. Rev. Lett. 123, 182501
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with the proton in the
y" fragmentation region




Initial motivation: exclusive o production

W.B. Li et al.
P Phys. Rev. Lett. 123, 182501

Significant fraction of events
with the proton in the
y" fragmentation region

0,
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In the t-channel from valence quarks



Initial motivation: exclusive o production

W. B. Li ef al.
P Phys. Rev. Lett. 123, 182501

Significant fraction of events
with the proton in the
y" fragmentation region

0,
Entire baryon is exchanged - Cannot separate the junction
In the t-channel from valence quarks

Need a semi-inclusive process
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Semi-inclusive deep inelastic scattering (DIS)

3
V P center of mass frame:

2’2’0)

%\: PpZ(\f, \f,OL)
g

pg = (my, cosh y*, m, sinh y*, p5)

Py = (




Mueller-Kancheli theorem

Optical theorem:

2

X

%ﬁ(
P2

A H. Mueller, Phys. Rev. D 2 (1970) 2963.

0O.V. Kancheli, JETP Lett. 11 (1970) 397.

Generalized to semi-inclusive scattering:

d
12

1

P2

q

\)

X

2

~

1 P
Im
P2 P2
P1 P1
—g g

Disk < <

Study in Regge theory

J
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Basics of Regge theory

S-matrix unitarity + analyticity + crossing symmetry
fix the leading behavior of scattering amplitudes at very high energy.

For 2 — 2 scattering 08t > o]
5 | A% ps)

A(s, t) ~ s*b) at s> |t|, m? 4l e
3¢ ,n""«:”JyRi

_ /

whfere a(t) = a(Q) +a t are Regge 2l e

trajectories containing physical states . b

that can be exchanged in the ¢t-channel. ol _

Then a(M?) = J - spin of the exchanged state  ° i (GeVA)
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Cross sections In Regge theory

Total inclusive cross-section: optical theorem + Regge behavior of
the amplitude

1 1
Otot = ;Im A(s,t =0) ~ gsmﬁ(o) _ ¢a(0)-1

Exclusive 2 — 2 cross-section:

d 2

do |A(s DI
dt s2

When integrated over ¢ the largest a(t) = a(0) dominates:

2c(t)—2

S

Tosg ~ 82&({)) —2
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The Pomeron

All reliably known mesons and baryons have Regge intercept

a(0) < 1.

Does it imply oot ~ s*(0)=1 decreases with c.o.m. energy?

Introduce a new object in Regge theory: the Pomeron

It has vacuum quantum numbers and dominates any inclusive

Experiment: NO! Instead, it steadily grows

CEUDII-I—AEI.OS

hadronic process at very high energy.
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https://arxiv.org/search/hep-ph?searchtype=author&query=Donnachie,+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Landshoff,+P+V

3 — 3 forward scattering In double Regge limit

A(s,t) oc s s — 00

p s1 = (p1 -I-pB)2 = \V/smy eV
B B S2 = (P2 +PB)2 :\/Emt €y*
JO) J27 J4 d3
o ap(0)—1 ay(0)—1
E IP( ) J

dp3,

The largest a5 (0)is leading



Three possible processes

. Q I8

J ~ __ »
3 (0) = — al (0) ~ 0 al(0) ~

Intercept estimates: G.C. Rossi and G. Veneziano, Nucl. Phys. B 123 (1977) 37



Three possible processes

Mueller-Kancheli t-channel exchanges:

0 g
><_ C JCT e
y J4 : /2
1

]
Jo  Leading
J ~
Yy (0) ~ 7y &5(0) ~ () {1[{({)) ~

Intercept estimates: G.C. Rossi and G. Veneziano, Nucl. Phys. B 123 (1977) 38
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Rapidity distribution of baryons in DIS

d3o ap(0)—1 ay,(0)—1

X 8 S
1 2
de

s1 = (p1 +pB)2 = /s my eV J° o
So = (p2 erB)Q:\/gmtey* E 3

dp
assuming ap(0) ~ 1, «ay,(0) ~ 0.5
d>c *
EB—0<5_1/4 Y2 y
dp,
For pp collision the derivation is similar

o but the final baryon can arise from either
Prediction for the EIC of the two initial ones. .



Summary

» Accounting for inter-species correlations in Feynman-Wilson
gas Is In excellent agreement with RHIC baryon stopping data

» Search for signatures of baryon junctions in semi-inclusive DIS:

(1Beam energy dependence and rapidity distribution of net baryon number
dFlavor composition independence
Large multiplicity of mesons in the baryon rapidity gap
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