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Abstract

Arkhipov A.A., Nadolsky P.M. Effective Radius of Three-Nucleon Forces and pp̄ Single Diffrac-
tion Dissociation at High Energies: IHEP Preprint 97-6. – Protvino, 1997. – p. 8, figs. 2, tables 3,
refs.: 22.

Effective radius of three-nucleon forces is extracted from the experimental data. The ob-
tained values for the radius are compared with the data on the pp̄ single diffraction dissociation
cross-sections at high energies.
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iZ “KSPERIMENTALXNYH DANNYH PO POLNYM SEˆENIQM I NAKLONU DIFRAKCIONNOGO KONUSA
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Introduction

The last experimental measurement of pp̄ single diffraction dissociation at c.m.s. en-
ergies

√
s = 546 and 1800 GeV , carried out by the CDF group at the Fermilab Tevatron

collider, has shown that the popular model of supercritical Pomeron does not describe
the existing experimental data.

The statement, made in [1], is as follows: the value of σpp̄SD = (7.89 ± 0.33) mb,
measured at

√
s = 546 GeV , is extrapolated by the supercritical Pomeron model to

σpp̄SD = (13.9 ± 0.9) mb at
√
s = 1800 GeV , while the measured value at this energy is

equal to σpp̄SD = (9.45 ± 0.44) mb. The ratio of the measured σpp̄SD to that obtained by
extrapolation is

σpp̄SD(experimental)

σpp̄SD(extrapolation)
(
√
s = 1800 GeV ) = 0.68± 0.05. (1)

Besides that, at
√
s = 20 GeV the experimental σpp̄SD = (4.9± 0.55) mb is 4.5 times larger

than the value σpp̄SD = (1.1 ± 0.17) mb, obtained by the extrapolation of the measured
value of σpp̄SD at

√
s = 546 GeV down to

√
s = 20 GeV with the help of the supercritical

Pomeron model.
The emerging situation can be considered as a supercrisis for the supercritical Pomeron

model. Obviously, the foundations of this model require further theoretical study and the
construction of newer, more general phenomenological framework, which would enable us
to remove the discrepancy between the model predictions and experiment. In relation
to this, one should note paper [2], where an attempt to save the supercritical Pomeron
model has been undertaken.

Another approach to the dynamical description of one-particle inclusive reactions has
been proposed in [3]. The consideration, presented in this paper, revealed several fun-
damental properties of one-particle inclusive cross-sections in the region of diffraction
dissociation. In particular, it has been shown that the slope of the diffraction cone in pp̄
single diffraction dissociation is related to the effective radius of three-nucleon forces in
the same way as the slope of the diffraction cone in elastic pp̄ scattering is related to the
effective radius of two-nucleon forces. It was also demonstrated that the effective radii
of two- and three-nucleon forces, which were the characteristics of elastic and inelastic
interactions of two nucleons, define the structure of the pp̄ total cross-sections in a simple
and physically transparent form.
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In the present work we performed a more detailed analysis of the experimental data
on pp̄ total cross-sections and the slope of the diffraction cone in elastic pp̄ scattering.
This allowed us to extract the effective radius of three-nucleon forces. We also presented
a semiquantitative comparison of the extracted values for the effective radius of three-
nucleon forces to the experimental data on pp̄ single diffraction dissociation cross-sections
at high energies.

1. Fit to the data on the pp̄ total cross-sections

As a first step, we made a weighted fit to the experimental data on the pp̄ total cross-
sections, obtained from COMPAS-PPDS database 1. The values, which were used, are
listed in Table 1.

Table 1. The pp̄ total cross-sections(statistical and systematic errors added in quadrature).

√
s (GeV ) σtot (mb) δσstat (mb) δσsys (mb) σtot/2π (GeV −2)
9.78 43.10 ± 0.94 0.80 0.50 17.62± 0.39
11.54 43.05 ± 0.12 0.06 0.10 17.60± 0.05
13.76 42.12 ± 0.13 0.08 0.10 17.22± 0.05
13.86 42.33 ± 0.14 0.14 0.00 17.30± 0.06
15.06 41.70 ± 0.18 0.15 0.10 17.04± 0.07
16.83 41.79 ± 0.20 0.17 0.10 17.08± 0.08
17.91 41.69 ± 0.18 0.15 0.10 17.04± 0.07
19.42 41.51 ± 0.15 0.15 0.00 16.97± 0.06
19.42 41.44 ± 0.21 0.18 0.10 16.94± 0.08
21.26 41.90 ± 0.20 0.20 0.00 17.13± 0.08
22.96 41.91 ± 0.21 0.21 0.00 17.13± 0.09
30.40 42.13 ± 0.64 0.57 0.30 17.22± 0.26
30.63 42.80 ± 0.35 0.35 0.00 17.49± 0.14
52.59 43.32 ± 0.35 0.34 0.10 17.71± 0.15
52.82 44.71 ± 0.46 0.46 0.00 18.28± 0.19
62.29 44.12 ± 0.44 0.39 0.20 18.03± 0.18
62.71 45.14 ± 0.38 0.38 0.00 18.45± 0.16
540 66.80 ± 7.13 5.90 4.00 27.30± 2.91
540 66.00 ± 8.60 7.00 5.00 26.98± 3.52
546 61.26 ± 0.93 0.93 0.00 25.04± 0.38
546 61.90 ± 1.50 1.50 0.00 25.30± 0.61
899 65.30 ± 2.40 0.70 2.30 26.69± 0.98
1800 80.03 ± 2.24 2.24 0.00 32.71± 0.92
1800 72.80 ± 3.10 3.10 0.00 29.76± 1.28

1The COMPAS database (named Particle Physics Data System - PPDS) can be reached via Internet
at http://www.ihep.su, or at its mirror http://muse.lbl.gov:8001/ppds.html
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The reduced quantities σpp̄tot/2π in GeV −2 were fitted with the function of the form

σpp̄tot/2π = a0 + a2 ln
2(
√
s/
√
s0), (2)

where a0, a2,
√
s0 are free parameters. We accounted for the experimental errors δxi by

fitting to the experimental points with the weight

wi =
1

(δxi)2
. (3)

Our fit yielded

a0 = (17.15± 0.06) GeV −2 (4)

a2 = (0.70± 0.04) GeV −2 (5)
√
s0 = (18.99 ± 1.95) GeV. (6)

Fig. 1.

The fit result is shown in Fig.1.
The quality of the fit can be checked by

the extrapolation of formula (2) to the higher
energies:

σpp̄tot(
√
s = 16 TeV ) = (119.67 ± 4.60) mb, (7)

σpp̄tot(
√
s = 30 TeV ) = (134.85± 5.46) mb. (8)

These values are consistent with the recent
cosmic rays results from Akeno Observa-
tory [4],

σpptot(
√
s = 30 TeV ) = (120± 15) mb. (9)

2. Fit to the data on the slope of diffraction cone
in elastic pp̄ scattering

Compared with the data on the pp̄ total cross-sections, the experimental data on the
slope of diffraction cone in elastic pp̄ scattering is certainly less comprehensive. Therefore,
at the first stage we fitted the experimental data on the differential cross-sections in elastic
pp̄ scattering from Ref. [5]; from this fit, we extracted the values of the slope of diffraction
cone at five different energies. As a fitting function, we used the linear exponent

dσ

dt
= A exp(Bt), (10)
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where A and B were considered as free fit parameters. The obtained fit parameters and
the values of χ2 are listed in Table 2.

Table 2. Fitted parameters. dσ/dt = Aexp(Bt)(mb/GeV 2), (0.0375≤ −t ≤ 0.4(GeV 2))
√
s (GeV ) lnA B (GeV −2) χ2/d.o.f.

9.78 4.552± 0.016 11.66± 0.13 0.86

11.54 4.428± 0.011 11.67± 0.10 0.41

13.76 4.493± 0.037 11.47± 0.24 0.54

16.26 4.346± 0.052 10.74± 0.35 0.86

18.17 4.30± 0.042 11.06± 0.24 0.88

Table 3. Data on the slope at t � 0 in pp̄ scattering (statistical and systematic errors added in
quadrature).

√
s (GeV ) B (GeV −2) References

9.78 11.66± 0.13 [5]

11.54 11.67± 0.10 [5]

11.54 11.6± 0.2 [5]

13.76 11.47± 0.24 [5]

13.76 11.4± 0.6 [22]

13.76 13.2± 1.2 [7]

16.26 10.74± 0.35 [5]

18.17 11.06± 0.24 [5]

19.42 17.0± 3.6 [7]

24.3 12.3± 0.5 [15]

24.3 12.51± 0.11 [15]

30.5 11.37± 0.60 [13]

52.6 13.03± 0.52 [18]

52.8 13.36± 0.53 [9]

52.8 13.6± 2.2 [6]

52.8 13.92± 0.43 [11]

62.3 13.47± 0.52 [18]

540 17.1± 1.0 [10]

540 17.2± 1.0 [8]

540 17.6± 1.0 [12]

541 15.52± 0.07 [19]

546 15.28± 0.59 [21]

546 15.3± 0.3 [12]

546 15.35± 0.19 [21]

1800 16.3± 0.3 [16]

1800 16.3± 0.5 [20]

1800 16.98± 0.25 [21]

1800 16.99± 0.47 [17]

1800 17.2± 1.3 [14]
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Fig. 2.

The obtained five values of the slope, to-
gether with the other experimental values
from COMPAS database, were used to build
a weighted fit of the slope as a function of
energy. Table 3 shows the list of the fitted
data. The following parameterization of the
slope was assumed:

B = b0 + b2 ln
2(
√
s/
√
s0). (11)

The value
√
s0 has been fixed by (6) from the

fit to the pp̄ total cross-sections. Parameter-
ization (11) is suggested by the asymptotic
theorems of the axiomatic quantum field the-
ory. Our fit yielded

b0 = (11.93± 0.15) GeV −2, (12)

b2 = (0.29± 0.02) GeV −2. (13)

The fitting curve is shown in Fig.2.

3. The effective radius of three-nucleon forces and pp̄ single
diffraction dissociation cross-sections

In paper [3] the asymptotic relation between the slope of diffraction peak in elastic pp̄
scattering and the pp̄ total cross-sections has been obtained. The relation looks like

σtot(s) = 2π [B(s) +R20(s)]. (14)

The quantity R20(s) in the R.H.S. of (14) is responsible for the inelastic processes in pp̄
interactions. It has a physically transparent notion of the effective radius of three-nucleon
forces.

We can use (14) to extract the quantity R20(s) from the experimental data on the pp̄
total cross-sections and the slope of diffraction cone in elastic pp̄ scattering. Using the
fits (2,11), we obtain

R20(s) = [(5.22± 0.21) + (0.41± 0.06) ln2(
√
s/
√
s0)] GeV

−2, (15)
√
s0 = (18.99± 1.95) GeV.

Function (15) is plotted in the same Fig. 2, together with the fit to B(s). Fig. 2 also
shows the points for R20(s) obtained earlier [3] .

It is a remarkable fact that the quantity R20(s) defines the slope of the diffraction
cone in the pp̄ single diffraction dissociation inclusive cross-sections. It has been shown
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in [3] that in the region of diffraction dissociation one-particle inclusive cross-sections can
asymptotically be represented in the form

s

π

dσ

dtdM2X
= A(s.M2X) exp[b(s,M

2
X)t], (16)

where

A(s,M2X) = A ln2(s̄/s0), (17)

b(s,M2X) =
R20(s̄)

2
, (18)

s̄ = 2(s +M2N )−M
2
X . (19)

Making the corresponding asymptotic estimates, we can easily obtain the following asymp-
totic formula for the pp̄ single diffraction dissociation cross-sections:

σpp̄SD(s) = C
ln2(s/s0)

c0 + c2 ln
2(
√
s/
√
s0)
, (20)

where
c0 = a0 − b0, c2 = a2 − b2, (21)

the quantities a0, b0, a2, b2,
√
s0 are defined by Eqs.(4,5,6,12,13) and the constant C

is undefined. Let us fix the value of C from the measured σpp̄SD = (7.89 ± 0.33) mb at√
s = 546 GeV

C = (1.72± 0.07) mb/GeV 2. (22)

Then we come to the asymptotic formula for the pp̄ single diffraction dissociation cross-
sections with all parameters fixed

σpp̄SD(s) = (1.72± 0.07)
4 ln2(

√
s/
√
s0)

(5.22± 0.21) + (0.41± 0.06) ln2(
√
s/
√
s0)
mb, (23)

√
s0 = (18.99 ± 1.95) GeV.

From the formula (23) we obtain the value of σpp̄SD at
√
s = 1800 GeV

σpp̄SD = (10.39± 0.42) mb. (24)

This value of σpp̄SD is in good agreement with the experimental value σpp̄SD = (9.46±0.44) mb
at
√
s = 1800 GeV [1].

The extrapolation of formula (23) up to the LHC energies
√
s = 16 TeV gives

σpp̄SD = (13.10± 0.53) mb. (25)

It also follows from formula (23) that

lim
s→∞
σpp̄SD(s) = (16.78 ± 0.68) mb. (26)

We cannot use equation (23) for the extrapolation down to the lower energies. This
formula is an asymptotic one and one needs to account for the preasymptotic terms
when, extrapolating to the lower energies. We hope that it will be possible to test the
asymptotic formula (23) at higher energies, such as those of the LHC collider.
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