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+ symmetrization of pions.
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For such a complicated model many choices have to be made, e.g.,:
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For such a complicated model many choices have to be made, e.g.,:
@ Q: What is exact form of A, and A;; amplitudes? A: Take
parametrization by Lebiedowicz and Sczurek [2], however,
different choices are possible (...more fundamentally, how

QCD and the Regge phenomenology are connected?).
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For such a complicated model many choices have to be made, e.g.,:

@ Q: What is exact form of A, and A;; amplitudes? A: Take
parametrization by Lebiedowicz and Sczurek [2], however,
different choices are possible (...more fundamentally, how
QCD and the Regge phenomenology are connected?).

@ Q: What is the choice of form factor Fi(¢;;)? A: We selected

. _ a2
common choice Fr(t) = exp iQ x|, where
of f,E

Aossp =1—1.5GeV 2 (educated guess from fit functions
and upper and lower limits for Ayfy g).



The model - details
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For such a complicated model many choices have to be made, e.g.,:

e Q: What is exact form of A, and A;; amplitudes? A: Take
parametrization by Lebiedowicz and Sczurek [2], however,
different choices are possible (...more fundamentally, how
QCD and the Regge phenomenology are connected?).

@ Q: What is the choice of form factor Fi(¢;;)?7 A: We selected

common choice Fi(t) = exp [ﬁgmi , where

of f,E
Aofrr =1—1.5GeV 2 (educated guess from fit functions
and upper and lower limits for A,¢r ).

@ Q: How remove regions where the Regge theory does not
apply (sij < 2GeV?)? A: We can take smooth cut function or
the Heaviside theta function (does anyone know how to

include non-Regge region?).
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Cross section

We selected the following cuts:

@ Full Phase Space:

DPtp < 2 GeV, |y47r| < 6, (2)

...and technical cut My, < 30 GeV.
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DPtp < 2 GeV, |y47r| < 6, (2)
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it [t2] < 1 GeV?,  |yg| <25, pir>05GeV, (3)

...and technical cut My, < 30 GeV.



Cross section

We selected the following cuts:

@ Full Phase Space:
DPtp < 2 GeV, |y47r| < 6, (2)
o ATLAS:

it [t2] < 1 GeV?,  |yg| <25, pir>05GeV, (3)

...and technical cut My, < 30 GeV.
Results were obtained using 'augmented’ GenEx Monte Carlo
generator [4].



Cross sections

Table : The integrated Born level (no absorption effects) cross section for
the four-pion continuum production. Results were calculated for two
different values of the cut-off parameter Ays¢ £

Aosrr [GeV] | 0 @ (\/s=TTeV | 0 @ /s =13 TeV

Full PS 1.0 7.21 ub 8.97 ub
Full PS 15 42.86 1b 51.78 ub
ATLAS 1.0 6.91 nb 7.48 nb

ATLAS 1.5 141.43 nb 154.19 nb




Cross sections

Table : The integrated Born level (no absorption effects) cross section for
the four-pion continuum production. Results were calculated for two
different values of the cut-off parameter Ays¢ £

Aosrr [GeV] | 0 @ (\/s=TTeV | 0 @ /s =13 TeV
Full PS 1.0 7.21 b 8.97 b
Full PS 15 42.86 1ib 51.78 ub
ATLAS 1.0 6.91 nb 7.48 nb
ATLAS 15 141.43 nb 154.19 nb

ALICE cuts practically reject detection possibility.
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Experimental characteristics - rapidity gap

Focus on the pion subsystem and do:

@ Order pion system according to rapidity: y1 < y2 < y3 < 4.



Experimental characteristics - rapidity gap

Focus on the pion subsystem and do:
@ Order pion system according to rapidity: y1 < y2 < y3 < 4.
@ The following classes of ordering are possible:

o Class A:
7r+(y1),7r (y2)a77+(y3)77r (y4)7
7 (y1), 7 (y2), 7 (y3), T (ya);
o Class B:
7 (y1), 7 (y2), 7 (y3), 7 (),
7T+(y1)’W_(yQ)aﬂ—_(y3)v7T+(y4);
e Class C:
(), 7 (y2), T (y3), ™ (ya),
7 (1), 7 (y2), T (y3), T (ya)-



Experimental characteristics - rapidity gap
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Experimental characteristics - rapidity gap

Differences between these classes is visible in Ay := y3 — ys.
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............ class C, Agye = 1.5 GeV| 104 e €1a88 €, Agye = 1.5 GeV|
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Experimental characteristic - comparison with 20

Comparison with pp — ppoo process recently discussed in [3]
which gives (via ¢ — 7 77) the same final state.

\s=7TeV, ATLAS
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Figure : Four-pion invariant mass distribution (M4, ) with the ATLAS
kinematical cuts (3) for /s = 7 TeV. The results correspond to the Born
level calculations. The dotted line represents the triple Regge exchange
mechanism obtained for A ;s p = 1.5 GeV. The solid line represents the
contribution from oo mechanism discussed in [3].
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Other characteristics - p;

15 = 7TTeV, ATLAS cuts \s = 7TeV, ATLAS cuts

Agng = 1.5 GeV; protons

<<<<<<<<< Aque = 1.5 GeV; pions

Agye = 1.0 GeV; protons

+ Agye = 1.0 GeV; pions
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Figure : Distribution in transverse momentum of the four-pion system
(P;) (left panel) and for the transverse momenta of individual particles
(protons or pions) (right panel) with the ATLAS cuts (3).



Other characteristics - My,

\s = 7TeV, ATLAS cuts
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Figure : Four-pion invariant mass distribution (My,) with the ATLAS
cuts (3) for Agsrr =1 GeV (lower curve) and Ayrpp = 1.5 GeV (upper
curve).



Other characteristics - y

\s = 7TeV, ATLAS cuts
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Figure : Distribution in rapidity of pions and protons for the ATLAS cuts

(3).



Other characteristics - M.,
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Figure : Dipion invariant mass distribution for the opposite-sign (left
panel) and same-sign (right panel) pions with the ATLAS cuts (3) for
different values of Aysy E.



More details

The model was studied in many aspects. For full details see our
paper:

R. Kycia, P. Lebiedowicz, A. Szczurek, and J. Turnau, Triple Regge
exchange mechanisms of four-pion continuum production in the
pp — ppr T piTw~ reaction Phys. Rev. D 95, 094020 (2017)
https://arxiv.org/abs/1702.07572.
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Interference effect - Full Phase Space
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Pomeron Reggeon influence - Full Phase Space

Figure : Rapidity distribution of pions for

(P+ for) x (P+ far) X (P+ for) (upper curve), P x P x P (middle
curve) and (P + for) X for X (P + for) (lower curve) exchanges for
Aoff,E = 1.5 GeV.
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