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Outline

¢ Baryon junctions overview/experimental status
¢ Semi-inclusive DIS
“* New theory results on Regge intercepts

s More 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) = €% [P(xy,x) q(z1)]; [P(x2,2) q(x2)]; [P(z3,2) q(x3)],
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G.C. Rossi and G, Veneziano, Nucl. Phys. B 123 (1977)



Can baryon junction carry the baryon number?




Large N intuition: diagrams as surfaces

Meson elastic scattering
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Theoretical Aspects of Baryonium Physics
G.C. ROSSI and G. VENEZIANO
PHYSICS REPORTS (Review Section of Physics Letters) 63, No. 3 (1980)

Baryon elastic scattering

Baryons have a “book” topology —
junction becomes necessary



Theoretical Aspects of Baryonium Physics

Different processes R

PHYSICS REPORTS (Review Section of Physics Letters) 63, No. 3 (1980)
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BaryOn Stoppi ng in pp and AA Can gluons trace baryon number?

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

Search for baryon junctions in photonuclear processes and isobar
collisions at RHIC
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Recent experimental results
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What other processes can probe
the carrier of baryon number?
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Significant fraction of events
with the proton in the
y" fragmentation region
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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

27



Mueller-Kancheli theorem

Optical theorem:

2
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%ﬁ(
P2

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

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

Generalized to semi-inclusive scattering:
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Study in Regge theory

J
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SIDIS as 3 — 3 forward scattering

/e/ a r Y/2
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s1 = (p +pB)2 — /smy oY Y net
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Three possible processes

© [4 ° ]2

agy, ~ —0.66 ag, ~ —0.24 ag, ~ 0.26

Intercept estimates: Topological expansion+ Feynman-Wilson gas model

2405.04569 [DF, Kharzeev, Rossi, Veneziano] v



Three possible processes Leading

P,n AR Q
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Ay, ~ 0.26
Intercept estimates: Topological expansion+ Feynman-Wilson gas model
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Rapidity distribution of baryons in DIS

dNB ~1 k
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Wide rapidity acceptance at the EIC will make 1t possible to measure
both Y/2 and y dependence.



*
Some Experiments on Multiple Production

Feynman-Wilson gas (FWG) W .

September 1973

Generating functional of exclusive cross-sections:

n . - 1ldola+b— i ™)
S2(x)] = Z / H(dq:ﬂz(:rj)) O doldz? ... dz"
n j=1 "

Exclusive cross-section

Semi-inclusive cross-section

0| 2] - ldo(a+b—=2+y+..)
02(2)02(y)...|._g O dx dy...
03| z] 1 dola+b—or+y+ ..+ X)

52(:1‘)52(3})...‘31 " o = dr dy...
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Connected correlators in FWG

From the generating functional to connected correlators:
_ 1 . ‘ ‘ 1.2 my _
log X[z(x)] = Z — / H[d:rj(z(:rj)—l)]ﬂm(:r yxt..x™) = plz(x)]Y
m J=

For a large total rapidity separation Y o log s one has

H dz’ ey x Y  (not Y™)

Y plays the role of the volume of the gas.
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FWG on the planar level

Integrating over all kinematical variables:
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Ypi(2) = pIZz oP' = exp (Yp(z)) = exp (YZcm( m!) )

m=>1

p(1) =0, p'(V)Y =¥ = (n), p"(1)Y = 2Y = (n(n—1))—(n)’

~00 <] NOO
AE >Q O € m>@©<
OO0 ¢ OO\,




FWG for BB annihilation
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Original baryonium intercepts

Y o log s, so 2({z}) o< s?{#})_ On the other hand, e.g.

o™ (X1, X2,0) g%y —1

X —
J?nn S&Jﬂ—l

Eann(zla ZQ:O) — —

p(]... 1: O) = g, —

Assuming no inter-species correlations (Dalton’s law)

p(21, 22, 23) = p1(21) + p2(22) + p3(23),

+ similar relations for avj, — oy, and 2ap — 1 — ay,

+ the result of similar analysis of planar diagram, p;(0) =1 — ag

one recovers

= 20 — 1+ 3(1 — aR) ~ ().5 G Rossi and G. Veneziano, Nucl. Phys. B 123 (1977)

OéJO

and similarly ay, ~ 0, ay, ~ —0.5
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Corrections to Intercepts

Accounting for inter-species correlations

p(z1, 22, 23) = p1(21) + p2(22) + p3(23) + Ca(21, 22) + Ca(21, 23)

+C% (22, 23) + C3(21, 22, 23)

one obtains

ag, = (2ag—1)+3(1—ar)—3C>(0,0)—C3(0,0,0) ~ 0.5—3Cy—C4
(5 can be separately inferred from the analysis of

Pomeron-dominated cylindrical topology:

2405.04569
Co=ap—1~0.08= ay, ~0.26 — (s [DF, Kharzeev, Rossi, Veneziano]

leading to beam rapidity slope 2 — ap — g, >~ 0.66 + Cj
(compared to 0.65 + 0.1 from RHIC BES) 3



Suggestions for experiment: J, trajectory

® Energy and rapidity dependence of baryon stopping in AA, pp,

ep - to increase precision of rapidity slope and check Jy
Intercept universality.

® Stopping of £2in AA, pp or ep collision would be a clear 2409.06492
evidence of baryon-number — flavor separation. Rapidity [Tsang, Ma, Tribedy, Xu]
distribution would allow for a clean extraction of a,

® Search for doubly-diffractive production of
a baryon-antibaryon pair in Ap collisions
to measure aj,(t) and extract the slope
of Jy trajectory.




Suggestions for experiment: BB pair production

® Measure distribution of produced
baryon-antibaryon pairs as a
function of rapidity separation Ay.

* We expect ~ e 952Y at large Ay
due to Jy dominance

* Also expect %y) ~ 3dn

£

3
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_________
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Summary

« Search for signatures of baryon junctions in semi-inclusive DIS

 Accounting for inter-species correlations in Feynman-Wilson gas
Improves agreement with the existing baryon stopping data

* Suggestions for experiment on baryon-number — flavor separation,
studying J, trajectory further with BB production
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Optical theorem
SST =818 =1, S=1+iT = (TT-T)=T'T

Sandwich in between |f) and (i| and insert 1 = ) |n)(n|:
2imTyp = » T}, Tin

choosing |i) = |f) and going to amplitudes

1 |
Trot =~ —Im Ay (s, =0) = ;Dlscg Agi(s,t =0)

S

2 1 P1

z }:DEM( ~ Im
X P2 P2 P2
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Mueller-Kancheli theorem O, Kanchelh, JETP Lett. 11 (1970) 397,

(2ﬁ)32E—jJ ~ — E [(3X|T|12)?
do 1
mm) (27)°2FE—— ~ “Discy2 A% = (s, t, M?
Z|<3X|T|12>|2:2(123|TT|X)<X|T|123) (27) d3q s M?= 123( )

X

a3t 103 o _ Generalization of the optical theorem for single
=1 — 1
(123|T7|123) — i(123|T|123)

particle inclusive processes

y P1 p1 ~ Analyze in Regge theory

d . —q —q
=2 ~ Disk J
dq . \ -\
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