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Выступающий
Заметки для презентации
In my talk I am going to summarize all my conclusions on the process described in the previous talk and also to say some words about ppbar production also
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Motivations

CEDP (Central Exclusive Diffractive Production) of hadron pairs is
one of the basic “standard candles”

investigation of hadron resonances (p+p=—= p+{R—z*z",hh}+p),
extracting their couplings to hadrons and reggeons

fine tuning of diffractive models (elastic amplitudes, rescattering
corrections, form-factors, couplings)

clarification of the off-shell hadron form-factors

large cross sections (crucial factor for low luminocity)

clear kinematics (missing mass method)

CEDP distributions are very sensitive to changes in the model
(sub amplitudes, form factors, unitarization, reggeization
procedure, distributions in central missing mass, t, rapidity and
azimuthal angle)

possible extraction of reggeon-hadron cross-sections
investigate spin effects, baryon trajectories, search for Odderon
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Details of processes

CERN, October 24, 2022 LHC Forwar d Physics meeting Roman Riutin



Выступающий
Заметки для презентации
I am considering two processes of di-hadron exclusive central diffractive production, with continuum and resonance mechanisms. 
The general theoretical picture for these processes is the following. 

The amplitude can be represented as some primary one convoluted with pp and hp,hbarp rescattering corrections. Exactly (see, for example, the old book by Eden) V M0 V, but numerically it is very close to S M0. That is why to do the calculations faster, we can use this approach.

We can add, of course, some other corrections like enhanced, 3 or more reggeons interactions, but their contributions are supposed to be rather small. 
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Details of processes
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Выступающий
Заметки для презентации
Exact diagrams for pipi...
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Выступающий
Заметки для презентации
For ppbar ...
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Model formulae (kinematics)
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Выступающий
Заметки для презентации
Kinematics
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4 Model formulae (general amplitude) |

P
MY ({p}) =
dzq d2 d2 g1 dZQ'Q 9
Voo (5. ) Vo (s', ¢
/ / ) (27‘1‘) PE’J( ) ?3'3‘3( )
X Hshp(‘imaql)ﬂfc ({r}) Shp(§23,q§) + (3 < 4)} + ﬁf{? ({;ﬁ})}
p
p
d*q d*q d*qo 9
~ ~ [ | G Gy S
< [[Sip(G1a: M ({B}) Sp(2s a3) + (3 )] + ME (B,
p
{p} = {paapbﬁp1:p23p3zp4} §14 — (pl +p4 + q!)2 ) §23 — (p2 +p3 - q!)2 y
{p} ={pa —a.v +@:p1 +4d + a1, sij = (pi + )7, tr2 = Pap — Pr2)°,

P2 —q + qo,P3 — G2, D1 — Q1 }, §=(ps+p1)°, t=(Pa—p1—p3)°

CERN, October 24, 2022 LHC Forward Physics meeting Roman Riutin



Выступающий
Заметки для презентации
Amplitudes formulae
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Model formulae (continuum and resonance) |
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[A.A. Godizov, Effective transverse radius of nucleon in high-energy elastic

diffractive scattering, Eur. Phys. J. C 75, 224 (2015)]
[A.A. Godizov, Asymptotic properties of Regge trajectories and elastic pseudoscalar-

meson scattering on nucleons at high energies, Yad. Fiz. 71, 1822 (2008)]

Ml ({p}) Amplitude of resonance di-hadron production
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Model formulae (di-pion continuum)
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Model formulae (di-pion f resonances)
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[A.A. Godizov, The ground
state of the Pomeron and its
decays to light mesons and
photons, Eur. Phys. J. C 76,
361 (2016)]
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Model formulae (di-pion rho)
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Model formulae (p pbar continuum)
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General case with reggeization

a,(t) = —0.4 + 0.9 + 0.125¢2.

and spin effects will be considered in further papers
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Model formulae (p pbar f resonance)
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Distributions and questions (di-pion STAR) |

Our basic task is to extract the fundamental information on the interaction of
hadrons from different cross-sections (“diffractive patterns”):

— from t-distributions we can obtain size and shape of the interaction region;

— the distribution on the azimuthal angle between final protons gives quantum
numbers of the produced system;

— from the dependence on missing mass and its influence on t-dependence we can
make some conclusions about the interaction at different space-time scales and
interrelation between them. Also we can extract couplings of reggeons to
different resonances.

FIXING PARAMETERS AND COUPLINGS

500 - - - — — — ——— — :
;} \ﬂ — 200 GeV 0005 < =t 9 < 0.03 GeV? 1.2 pra > 0.15 GeV 0.005 < —t1 5 < 0.03 GeV?
& 400 neel <2 el <1 2 1.0¢ ‘1[ el < 2 0| <1
:-:-. 300 pra > 0.15 GeV «~ 0.8] M. <1 GeV

- : =
':é A, = 1.2 GeV % 0.6
E 200+ gregy(500) = 0-88, [ D | S
= grefo(os0) = 043, & 3l T j
-E: 100+ grefa(1270) = 1.72. = 0.2 i ., X
T Y | . B P S continuum
ta, ﬂ-ﬂ [ L .
“ N L
0.8 o T 0 50 100 150
. Q
) M,, GeV b) Po,

CERN, October 24, 2022 LHC Forward Physics meeting Roman Riutin



https://indico.cern.ch/event/1195606/

Distributions and questions (di-pion STAR) |
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* Pomeron-Pomeron-meson couplings are constants in this approach, but in reality they depends on the
azimuthal angle

 predictions slightly overestimate the data in the region of mass ~ 0.6 GeV (it depends on the Pomeron
coupling to fo(500) and can be corrected) and underestimate the data in the region of mass ~ 0.8 GeV

e more flat in pseudorapidity (features of the Pomeron flux)
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Distributions and questions (di- plon STAR)
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Dnstrlbutlons and questions (dl plon ISR CDF)J
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| Mc’ GeV
It looks strange and has no explanation at the moment, since this is the data from the same experiment.
Interference effects with gamma-gamma or gamma-Odderon fusion?
Corrections to pion-pion final interaction?
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Distributions and questions (di-pion CMS) |
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Distributions and questions (p pbar STAR) |
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Preliminary calculations for p pbar production
and qualitative comparison with STAR data
We do not see f0(2100) at STAR ...
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Summary

 Theresultis crucially dependent on the choice of the off-shell pion form factor
Ar = 1.2 GeV Fo— eli-m2)/A2

* The description of the old STAR data with gp5 £y (500) = 0.88,

(theory: 0.64 for the “glueball”)
e Discrepancy in the rho region
(small rho contribution in this kinematics)
* Rescattering corrections in p-p and pi-p channels make a significant contribution to the
values and shape of distributions
 When parameters are fixed from the old STAR data, we have a difference between the
data from STAR (new data at 200 & 510 GeV), ISR, CDF and theoretical predictions, which

should be explained somehow (complex dependance of Pomeron couplings to mesons on t and
azimuthal angle, wrong normalization of the data, missed contributions from some other processes
like low mass difractive dissociation, interference with gamma gamma and gamma Odderon
processes, effects related to the irrelevance and possible modifications of the Regge approach (for the
virtual pion exchange)

* To fix the model parameters correctly we need the comparison with precise (exclusive)
experimental data (STAR, ATLAS+ALFA, CMS+TOTEM) simultaneously in several differential
observables

e This model will be implemented to the Monte-Carlo event generator ExDiff

grp £, (980) = 0.43,
gppfy(1270) = 1.72.
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THANK YOU!
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