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1 Pomeron and Odderon exchanges

One Regge-pole R exchange corresponding to the scattering am-
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where g1 (t) and g5(t) are the couplings of a Reggeon to the beam
and target hadrons, ag(t) is the R-Reggeon trajectory, and 1(©)
is the signature factor which determines the complex structure of
the scattering amplitude (O equal to +1 and to —1 for reggeon
with positive and negative signature (C-parity), respectively):
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so the amplitude A(s,t = 0) becomes purely imaginary for
positive signature and purely real for negative signature when
aR — 1.



The values of hadron-nucleon total cross sections are deter-
mined at high energies by exchange of one or several Pomerons

ap(t) =14+ A+apt, A>0. (3)

The one-Pomeron contribution to o}% equals

op = gl(t) ' gQ(t) ) eAga f = In S/SU J (4)

To obey the s-channel unitarity, and the Froissart bound in
particular, this contribution should be screened by the multi-
pomeron discontinuities. A simple eikonal treatment yields

Thy ™~ log” s/so - (5)



The difference in the total cross section of high energy particle
and antiparticle scattering on the proton target is determined by
Reggeons with negative C-parity
Imn(©=-1) .

(6)

The most important at high energies should be the Odderon

tot S ag(0)—1
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contribution.

The Odderon is a singularity in the complex J-plane with
intercept apg ~ 1 and negative C-parity

In QCD the Odderon singularity is connected to the colour-
singlet exchange of three reggeized gluons in ¢-channel.

J. Bartels, L.N. Lipatov, and G.P. Vacca, Phys. Lett. B477,
178 (2000) and hep-ph/9912423.



2 Inclusive particle and antiparticle production
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The inclusive production cross section of hadron h with trans-

verse momentum pr in high energy pp collisions :

1 Sq ar(0) S9 ap(0)
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(pr,51,82.8) = -9 9P - Jrp(PT) " " :
(7)
where
s1 = (patpn)?=mp-s? eV (8)
Sy = (pb+ph)2:mT'Sl/2'€y ;

with the rapidity y* defined in the center-of-mass frame.

V.A. Abramovsky, O.V. Kancheli, and I.D. Mandzhavidze,
Yad. Fiz. 13, 1102 (1971).



At very high energies only one-Pomeron exchange diagram
contributes to the inclusive density in the central region that
leads to

— o~ (s/50)" PO (9)

Now we can estimate the intercept of the supercritical Pomeron.
The energy dependencies of dn/dy and dn/dn in midrapidity re-
gion practically coinside. Such an analysis was provided in ref.

G.J. Alner et al., UA5 Collaboration, Z. Phys. C33, 1 (1986).
in the energy interval 1/s = 15 — 900 GeV and the value

A = ap(0) — 1 = 0.105 & 0.006 (10)

was obtained.

Recent LHC data (ALICE Coll.) allow one to estimate the
intercept of the supercritical Pomeron at higher energies. The

measured values of dn,/dn in midrapidity region at y/s = 900
GeV and /s = 7 TeV lead to

A = ap(0) — 1 =0.110 £ 0.008 (11)

that show very stable behaviour.



3 Inclusive spectra of secondary hadrons
in the Quark-Gluon String Model

A.B. Kaidalov and K.A. Ter-Martirosyan, Yad. Fiz. 39, 1545
(1984); 40, 211 (1984).

In QGSM high energy hadron-nucleon collisions are considered
as taking place via the exchange of one or several Pomerons, all
elastic and inelastic processes resulting from cutting through or
between Pomerons.

Each Pomeron corresponds to a cylindrical diagram, and thus,
when cutting one Pomeron, two showers of secondaries are pro-
duced. The inclusive spectrum of a secondary hadron h is then
determined by the convolution of the diquark, valence quark, and
sea quark distributions u(z, n) in the incident particles with the
fragmentation functions G”(z) of quarks and diquarks into the
secondary hadron h.
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4 B/B asymmetry

In the string models, baryons are considered as configurations
consisting of three connected strings (related to three valence
quarks) called string junction (SJ).

X. Artru, Nucl. Phys. B 85, 442 (1975).

M. Imachi, S. Otsuki, and F. Toyoda, Prog. Theor. Phys. 52,
346 (1974); 54, 280 (1976); 55, 551 (1976).

G.C. Rossi and G. Veneziano, Nucl. Phys. B 123, 507 (1977).

SJ

B = i(a1) - (@) - P(ws) - T (w1, w0, w3, 2), (12)
JH(z1, @9, w3, 2) = Ph(xy, ) - @gl(azg, z) - Oz, 1) - €77
where x1, T, x3, and x are the coordinates of valence quarks and

SJ, respectively. Such a baryon structure is supported by lattice
calculations.

V.G. Bornyanov et al., Uspekhi Fiz. Nauk. 174, 19 (2004).
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To obtain the net baryon charge, we consider three different
possibilities.

G.H. Arakelyan, A. Capella, A.B. Kaidalov, and Yu.M. Sha-
belski, Eur. Phys. J. C 26, 81 (2002) and hep-ph/0103337.

The first one (a) is the fragmentation of the diquark giving
rise to a leading baryon. A second possibility (b) is to produce a
leading meson in the first break-up of the string and a baryon in
a subsequent break-up. In the third case (c¢) both initial valence
quarks recombine with sea antiquarks into mesons M while a
secondary baryon is formed by the SJ together with three sea
quarks.
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The ratio of p to p yields at y* = 0 calculated with the QGSM
is shown below. The results with ag; = 0.9, ag; = 0.6, and
agy = 0.5 are presented by dashed, dotted, and dash-dotted
curves, respectively.
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The quantitative theoretical description of the baryon number
transfer via SJ mechanism was suggested in the 90’s and used to
predict

B.Z. Kopeliovich and B. Povh, Z. Phys. C 75, 693 (1997);
Phys. Lett. B 446, 321 (1999).
the p/p asymmetry at HERA energies then experimentally ob-
served

C. Adloft et al., H1 Collaboration, submitted to the 29th Int.
Cont. on High Energy Physics ICHEP9S, Vancouver, July 1998.

Np_Nﬁ
N, + Nj

Our result is A, = 10% for ag; = 0.9 and A, = 2.5% for
agj — 0.5

A, =2 = (8.0+1+£25% (13)
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5 Predictions for LHC

The QGSM predictions for antibaryon /baryon yields ratios in pp
collisions in midrapidity region (|y| < 0.5) for energies 1/s = 900
GeV. and /s =7 TeV :

With odderon (ag; = 0.9)

B
5 ~ (.89 (900GeV) and 0.95 (7TeV) (14)
Without odderon
B
3 ~ (.95 (900GeV) and 0.99 (7TeV) (15)
B=p, A, =, Q (16)

More predictions can be found in

G.H. Arakelyan, C. Merino, C. Pajares, and Yu.M. Shabelski,
Eur. Phys. J. C54, 577 (2008) and hep-ph/0709.3174.

C. Merino, CM.M. Ryzhinskiy, and Yu.M. Shabelski,
hep-ph/0906.2659.

C. Merino, CM.M. Ryzhinskiy, and Yu.M. Shabelski,
Eur. Phys. J. C62, 491 (2009)
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6 Conclusion

In the inclusive production of particles and antiparticles in cen-
tral (midrapidity) region in pp collisions we could not see an
evident contribution by the Odderon. The energy for the possi-
ble Odderon exchange is perhaps too small. Actually, the only
evidence for the Odderon exchange with apgq(0) >~ 0.9 are is
experimental point for p to p production asymmetry by the H1
Collaboration. This point is until now not published.

We expect that the LHC data will make the situation more
clear.
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