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Regge pole exchange diagrams for SD and DD

The process of soft diffraction dissociation is closely related to small angle elastic scattering:

h+h —=h+X,, h+h =X +h, h+h =X +X,,

where these processes may be considered as binary reactions where each of the incoming

hadrons may become a system which will then decay into a number of stable final state
particles.
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Triple-Reggeon coupling

Analogous to the optical theorem, Muller’s theorem relates the inclusive cross-section for

the reaction s, +h,—h,;+X to the forward scattering amplitude of the three-body hadronic
process h;+h,+h,—h,+h,+h,.
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Triple-Reggeon and loop diagrams
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Triple-Regge description is in good agreement with the FNAL and ISR data for soft
diffraction dissociation. However,

1.

higher-energy data from SPS and Tevatron do not show a fast increase of the
cross-section with energy as expected from the fits

It is not possible to have a unified description of SD and DD data.

The contribution of triple-Pomeron vertex leads to the violation of unitarity
which requires that the total cross section at very high energies should not grow
faster than In’s (Froissart bound).



A model for describing high mass diffractive dissociation.

Dressed triple-Reggeon and loop diagrams
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The motivation of writing different amplitudes for SD and DD (Ren. Pomeron)

Enhanced graphs and Pomeron intercept renormalization

Kaidalov et al., Sov. J. N.P. 44 (KT-MP) Kaidalov et al.. Sov. J. N.P. 44
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The assumptions used for calculating the diagrams.

1. Eikonal approximation.

2. Transition of » Pometons into m Pomerons 1s dominated by pions.

3. As a secondary Regge pole we consider f-trajectory. The conservation lows
allow to assume the same pion dominance at transition with participation of f.



SD cross section
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Note our normalization of G 1s not standard.

Gppp = 272y, G : G used in A.B. Kaidalov et al, Yad.Fiz.44

Gppp = 28\’ 1ppp: Tpppused in A.B. Kaidalov, PRP50
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Extraction of parameters from experimental data

We have 18 free parameters. In order to be close to the reality they are
found as follows.

1. Regge trajectory of the f meson: o,(?) = a,+a;’t
The parameters are defined from data on spin vs mass.

2. The residues of f-trajectory and the residues/trajectory of the Pomeron are found
from fit to data on pp, ppbar and pn* total interaction and elastic scattering
cross-section.

3. Triple-reggeon constants (G,;) are found from fit to data on high mass
diffraction dissociation data.



Chew-Frautschi plot
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pp and pp interaction parameters

pp = P
pp = P

EDS09, CERN, 29 June 2009

)

w

g. = 1366
Ry = 1.428
g = 2871
RY = 0918
g = 2241
Ry = 0.945
A = 0.117
a, = 0252

M.G. Poghosyan

I+

I+

I+

I+

I+

I+

I+

I+

0.004 Gely
0.006 GelV ™
0.008 Gel ™
0.023GelV ™
0.074 GeV
0.026 GeV ™
0.001

0.003 GeV ™

11



Fit to data
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Elastic scattering slope (cross-check)

—
=]

B GeV*?

E app
) ¥pr
i _‘_—o——"_
iyl ——
1 1 o | 1 l
10 1w b 10*




n*p interaction parameters
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Fit to data
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Triple-Reggeon vertices strengths

In the next step we fix triple-Regge verticess trengths (G;) from data on soft diffraction
dissociation in pp and ppbar interactions. In order to do it, in addition to dressed triple-
Reggeon diagrams we took into account t-meson exchange on the basis of the OPER model
(the details can be found in the Appendix).

G ppp=0.096 + 0.005 Gel~s
Gppp=0.89 +0.011 GeV
Groap=0.49 +0.078 Gel™s
Geap=13.7 £0.43 Gels
Gpop=039 +0.02 Gel
Gpop =2.99 +0.04 Gels

G ppp/21gy 5 = 0.0098 GeV? (KT-MP used 0.0135 GeV21)



Fit to data on single diffraction dissociation

Data from Fermilab; Schamberger et al., Phys. Rev. D17
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Fit to data on single diffraction dissociation

Data from Fermilab; Schamberger et al., Phys. Rev. D17
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Fit to data on single diffraction dissociation

ISR data, Armitage et al. NP B194
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Fit to data on single diffraction dissociation
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Fit to data on single diffraction dissociation
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Fit to data on single diffraction dissociation
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Fit to data on single diffraction dissociation

Data from Fermilab (fixed ¢)

, Cool et al. PRL 47
Akimov et al. PRL 39
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Evolution of the different therms.

\s=14 GeV t=-0.05 GeV?>

. PPR
- PRR ~ o
- RRR — "~ ~ -
- — Q_:.‘ ~
. PPP —_ SN OPE
PRP -..._ ~— AL —
= T T ~ L ~..
C : '\\.,_4
C L
el
C NGRS
— \\
RRP - .
1 1 1 1 I‘ .I §II
C 10"

P, =154 GeV/c t=-0.05 GeV>

PPR —_ ®
PRR =
RRR "~ T~ )
- Rl OPE
PRP - 7T~ __ IE —
TSl \\
TS
. -
\\
RRP —  — . __

e T —
C —

-
S
N




mb

2.5

1.5

0.5

Integrated SD cross-sectoion
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Integrated DD cross-sectoion
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The model 1s simple but it gives a good description of data on soft diffraction dissociation.

Conclusion and predictions for LHC.

NsTeV | o, mb | o, mb | BGeV? |oy(M?*/s<0.05) mb | o,,(An>3) mb
0.9 66.8 14.6 15.4 8.2 5.7
10 102 27 19.8 12 6.2
14 108 29.5 20.5 13 6.4

Based on the results of KT-MP Pomeron intercept renormalization scheme, we expect to
have up to 5% uncertainty due to enhanced diagrams for total and elastic cross-sections
and up to 10% for diffractive dissociation cross sections.



Appendix: One-pion exchange. The OPER-model

In the one-pion exchange approach the inclusive production of a hadron ¢ in the fragmen-
tation region of hadron a at interaction with hadron b is described by the diagram shown

in Fig 10. According to the OPER-model, which was developed in ITEP [25], the invariant
cross-section corresponding to this diagram has the form:

daay.cx 1 Ty
Ev — “,’ ¢ F t 27t0t 0
[ d3 . 1671'3 Jab ( )l 'AT (83 SI’ ) b (ST) (2 )

In (29) V(t) = |M,_+.|? represents the square of the acr vertex function (averaged over
initial spin states), where the pion is off-mass-shell. Ju = \/(paps)? — m?mj, Jrp =

v (qps)? — m2mi. pa, pb, pe and g are the 4-momenta of the a, b, ¢ and the exchanged

m
pion, respectively. o'% (sy) is the on-mass-shell 7b total cross-section.

The formfactor F,(s,s,,t) describing off-mass-shell corrections has the following form

__ | < |ta,
Ris.sot) =eplht— ) o0 S
e Rt —to)}, [t = [tol.
A=R 4 af,lni; az(t) =al - (t—p?); ol =1 GeV2 (31)
S

{t is the pion mass. In the region of the threshold masses of 7 N-scattering (s, < 2 GeV?),
where the P-wave production of A(1232)-resonance dominates, the amplitude is multiplied
by the additional factor

(o) = {ggexp{Ré(t—uZ)}, t] < It )

eap{Ri(to — 1) + Ri(t —to)}, t] = [tol.
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with

q: = Q(S:n mi‘a t)a Qt0 = Q(S;ra mjz\o'a tO): Go = Q(S:u m.;z\c'a /-"2)a (33)
Qz,y,2) = V(z —y — 2)? — dyz/2\/x. (34)

It should be noted that the nearness of the pion pole to the physical domain of scattering
allows one to fix the absolute normalisation of the cross-section at small |t|. The behaviour
at large values of |¢| is determined by the formfactor (30), (32) which takes into account
other exchanges, absorbtion corrections, etc. In this connection we must speak about an
"effective” m-meson exchange, meaning the hadron system, whose interaction at small |¢|
1s well approximated by the pion exchange.

The parameters ¢, and R? are determined from the comparison with experimental data
[26] and have the following values

to = —0.7 GeV? R =03 GeV™? R:=074GeV™? R:=275GeV ™2 R} =—13GeV%(35)
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