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Diffractive processes

diffractive (hadronic) processes: dominant
pomeron exchange as strong interaction mediator

pomeron carries vacuum quantum numbers
— wide region devoid of particle activity in the
final state: large (pseudo)rapidity gap, Ap

“soft” (non-perturbative) pomeron in Regge theory:

a mediator object that, e.g., accounts for the rising
hadronic cross sections (see slide 4)

“hard” (BFKL) pomeron in pQCD: colorless
compound of an even number of interacting gluons
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Resonances in inclusive single diffraction at low M

helicity-conserving exchange .
expected leading resonances are:

— diffractive excitations with spin-parit
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see K. A. Goulianos Phys. Rept. 101 (1983) 169 and references therein
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Regge theory: “soft” pomeron

singularities in the complex angular momentum (§)
plane — high-energy behavior of the scattering
amplitude

Ma(s, t) =
simple pole singularity — Regge trajectory, «(t)
(reggeon) exchange: exchange of a virtual particle
with continuously varying spin and virtuality
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pomeron, ap(t): dominant exchange with vacuum
quantum numbers (C =P =G =+1, 1 =0)

other exchanges (odderon, %, w, ...),
higher-order (multiple) poles, and cut
singularities are also possible and important, e.g.
to account for finer details
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Triple-reggeon approach for single diffraction

for s » M? » t [P. D. B. Collins Cambridge Univ. Press (1977)]:
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dosp/dtdM? [mb/GeV*]

A simple model for high-M? SD
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qualitative description to the data from half TeV up to LHC energies
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Duality and low-mass resonances

resonances in the direct channel and the asymptotic behavior are connected

a dual amplitude is either a sum of s-channel resonances or t-channel exchanges while having
Regge asymptotic behavior

=2 )
Res. j “ ®

dual amplitude with Mandelstam analyticity (DAMA) — broad resonances, and

non—|inear, Comp|eX Regge tl’ajectories Bugrij, Jenkovszky, Kobylinsky

D(s, t) = Sl dXX—a(s,x)—l(l _ X)—a(t,l—x)—l Lett.Nuovo Cim. 1 (1971) 923
' 0 Jenkovszky et al.
A(s, t,u) = c[D(s, t) + D(u, t)] Eur.Phys.J.A 12 (2001) 361
direct-channel pole series expansion of DAMA — resonance production amplitude
(“reggeized Breit-Wigner" term)
5 = [£(F)]2U~Imin+D Ima (M?) Fiore, Flachi, Jenkovszky et al.
ImA(MZ, €) ~ 3 G Rea (VB P T Tima (VBT Eur.Phys.J.A 15 (2002) 505
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Nucleon trajectory

» observed particles and resonances can be classified into families lying on a given Regge

trajectory

> the spin and width of the particle/resonance of mass M are: J = Rea(M?) and I' =

Re a(s)
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Modeling resonances in SD: previous studies

Jenkovszky et al. Phys. Rev. D 83 (2011) 056014 30
Jenkovszky, Schicker, Szanyi Entropy 24 (2022) 7, 1001
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predictions for LHC energies, no comparison to Predicted SD_ differential cross section in
the low-Mx region at 4/s = 14 TeV.

lower-energy SD resonance data
9/14



A simple model for low-mass resonances in SD

> the triple-pomeron model is modified by extending o}y ~ ImAZY | + ImAg;

p, Pp, el
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» similar ideas in Appleby et al. Eur.Phys.J.C 76 (2016) 10, 520 and Rasmussen, Sjdstrand
Eur.Phys.J.C 78 (2018) 6, 461 but the main novelty here is the use of the pole decomposition
of DAMA with non-linear, complex Regge trajectories
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dog/dtdM? [mb/GeV‘]

Fits to SD data
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dosp/dtdM? [mb/GeV*]

Update on predictions
» resonance contribution is added to the PPP + mwP

triple-reggeon model

» information extracted from the resonance region at
4/s = 22.8 GeV is used to update predictions for LHC

> possible improvements:

> add more triple-Reggeon terms and consider also their

interference effects

*» analyzing LHC, TEVATRON, and SPS data together with
lower-energy data in the resonance M? region
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Summary

» work-in-progress results on resonance production in inclusive “soft”
single-diffractive pp scattering

» starting from the triple-reggeon approach, a simple model incorporating low-mass
resonance behavior is developed

» the contribution of most of the P = +1 nucleon resonances is added based on a
dual amplitude model using non-linear complex nucleon trajectory

» fits to the data provide a qualitative description

» further steps:

» adding the contributions from P = —1 resonances

» considering additional triple-Reggeon terms with interference effects included

» analyzing LHC, TEVATRON, and SPS data together with lower-energy data
in the resonance M? region
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Thank you for your attention!



