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Abstract

Arkhipov A.A., Nadolsky P.M. Effective Radius of Three-Nucleon Forces and pp 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 pp single diffraction dissociation
cross-sections at high energies.

PACS number(s): 11.80.-m, 13.85.-t, 21.30.+y.
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AnxHoTanus

Apxumo A.A., Hamomsckuit II.M. D¢dekTHBHELE paAuyC TPEXHYKJIOHHEIX CHI M Auddpakim-
OHHas Aucconmalms pp — PX mpm Beicokmx 3Hepruax: IIpempumt MPBO 97-6. — IlporeuHO,
1997. - 8 c., 2 puc., 3 Tabx., 6ubimorp.: 22.

N3 skcrepMMeHTaIbHEIX NaHHBIX 110 IIOIHBIM CEYEHMIM ¥ HAKJIOHY NuGPaKIMOHHOTO KOHyCa
B pp-paccesHyy u3BiIe4eH 3¢GdEKTUBHEIN PaiuyC TPEXHYKIOHHEIX ciil. IIpoBemeHO cpaBHeHme
MOJIy4YeHHBLIX 3HaueHWA I 3dPeKTUBHOTO paguyca ¢ 3KCIepMMEHTaJIbLHEIMM JaHHBIMM IJIA Ce-
eyt quPpakIMOHHOR IMACCOIMAIUMM Ppp — PX IIPH BHICOKUX SHEPTUIX.
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Introduction

The last experimental measurement of pp 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 0%, = (7.89 + 0.33) mb,
measured at /s = 546 GeV, is extrapolated by the supercritical Pomeron model to
0%, = (13.9 £ 0.9) mb at /s = 1800 GeV, while the measured value at this energy is
equal to oy, = (9.45 + 0.44) mb. The ratio of the measured 0%y to that obtained by
extrapolation is

osp(eaperimental) 1500 Gev) = 0.68 = 0.05. (1)
oap(extrapolation)
Besides that, at 1/5 = 20 GeV the experimental 0%}, = (4.9 4 0.55) mb is 4.5 times larger
than the value 0%, = (1.1 & 0.17) mb, obtained by the extrapolation of the measured
value of 025, 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 pp
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 pp 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 pp total cross-sections in a simple
and physically transparent form.




In the present work we performed a more detailed analysis of the experimental data
on pp total cross-sections and the slope of the diffraction cone in elastic pp 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 pp single diffraction dissociation cross-sections
at high energies.

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

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

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

V8 (GeV) | 0wt (mb) | 80410t (Mb) | 804ys (M) | 0or/21 (GeV ~2)
9.78 43.10 - 0.94 0.80 0.50 17.62 4+ 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 4- 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 4+ 0.06
19.42 41.44 +0.21 0.18 0.10 16.94 + 0.08
21.26 41.90 4+ 0.20 0.20 0.00 17.13 4- 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 4- 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 4-0.16
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 4+ 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

!The 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



The reduced quantities 7% /27 in GeV =2 were fitted with the function of the form

of%/2m = ag + azIn*(v/5/+/50), (2)

where ag, a3, /S0 are free parameters. We accounted for the experimental errors éz; by
fitting to the experimental points with the weight

1
Our fit yielded
ao = (17.15 £ 0.06) GeV 2 (4)
az = (0.70 £ 0.04) GeV 2 (5)
VS0 = (18.99 £ 1.95) GeV. (6)
The fit result is shown in Fig.1. 40 R o
The quality of the fit can be checked by o pp
the extrapolation of formula (2) to the higher &
energies: é 30 | + ]
off(vs =16 TeV) = (119.67 £ 4.60) mb, (7) — |
o7 (/5 = 30 TeV) = (134.85 + 5.46) mb. (8) % :
These values are consistent with the recent 20r .
cosmic rays results from Akeno Observa-
tory [4],
oo =30 TeV) = (120 & 15) mb. (9 10 : ; .
BVe =30 TeV) = (120 £ 15) mb. (8) 10 ——mebme]
s'2, GeV
Fig. 1.

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

Compared with the data on the pp total cross-sections, the experimental data on the
slope of diffraction cone in elastic pp scattering is certainly less comprehensive. Therefore,
at the first stage we fitted the experimental data on the differential cross-sections in elastic
pp 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

do

= = Aexp(Bt), (10)




where A and B were considered as free fit parameters. The obtained fit parameters and
the values of x? are listed in Table 2.

Table 2. Fitted parameters. do/dt = Aexp(Bt)(mb/GeV?), (0.0375 < —t < 0.4{GeV?))

Vs (GeV) InA B (GeV~2) | x*/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 1+ 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 pp scattering (statistical and systematic errors added in

quadrature).

Vs (GeVY) | B (GeV~?%) | References
9.78 | 11.66+£0.13|  [5]
11.54 11.67+ 0.10 [5]
1154 | 116+02 [5]
13.76 | 11.47+0.24 [5]
1376 | 11.4+06 [22]
13.76 132+12 | [7]
16.26 | 10.74 £ 0.35 5]
1817 | 11.06+0.24 [5]
10.42 17.0 £ 3.6 7]

243 123+05 [

243 | 1251 +0.11 [15]
30.5 | 11.37 £ 0.60 [13]
52.6 | 13.03  0.52 [18]
528 | 13.36f 0.53 [9]
52.8 13.6 + 2.2 [6]
52.8 | 13.92+043 | - [11]
62.3 | 13.47 % 0.52 [18]

15]
15

540 17.1+1.0 [10]
540 172110 [8]
540 17.6 1.0 [12]
541 15.52 £ 0.07 [19]
546 15.28 £ 0.59 [21
546 153+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 172+1.3 [14]




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 = by + by In?(1/s/+/30). (11)
The value ,/s¢ has been fixed by (6) from the

fit to the pp total cross-sections. Parameter-

1zation (11) is suggested by the asymptotic 10 100 1000 10000
theorems of the axiomatic quantum field the- s'2, GeV
ory. Our fit yielded : Fig. 2.
bo = (11.93 & 0.15) GeV 2, (12)
by = (0.29 4 0.02) GeV 2. (13)

The fitting curve is shown in Fig.2.

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

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

orot(s) = 27 [B(s) + Rg(s)]. (14)

The quantity R2(s) in the R.H.S. of (14) is responsible for the inelastic processes in pp
interactions. It has a physically transparent notion of the effective radius of three-nucleon
forces. _

We can use (14) to extract the quantity R2(s) from the experimental data on the pp
total cross-sections and the slope of diffraction cone in elastic pp scattering. Using the
fits (2,11), we obtain

R%(s) = [(5.22 £ 0.21) + (0.41 = 0.06) In%(/3/+1/50)] GeV 2, (15)
V50 = (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 R3(s) obtained earlier [3] .

It is a remarkable fact that the quantity R3(s) defines the slope of the diffraction
cone in the pp single diffraction dissociation inclusive cross-sections. It has been shown



in [3] that in the region of diffraction dissociation one-particle 1nclus1ve cross-sections can
asymptotically be represented in the form

s do

T A(s. M) explb(s, M2)t], (16)
where '
As, M%) = Aln?(5/s0), | (17)
b(s, 13) = 5, (18)
5=2(s+ My)— M:. : (19)

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

In?(s/s0)

oF()=C , 20
SD( ) Co+02ln2(\/§/\/£) ( )

where
Co = ao — bo, C2 = G2 — bz; (21)

the quantities ao, bo, @2, bz, /30 are defined by Egs.(4,5,6,12,13) and the constant C
is undefined. Let us fix the value of C from the measured o4y, = (7.89 £ 0.33) mb at
Vs = 546 GeV

C = (1.72 £ 0.07) mb/GeV>. (22)
Then we come to the asymptotic formula for the pp single diffraction dissociation cross-
sections with all parameters fixed

TR 41n*(v/3/+/30)
osp(s) = (1.72:+ 0'07)(5.22 +0.21) + (0.41 + 0.06) In? (\[/\/—) (23)

V30 = (18.99 + 1.95) GeV.
From the formula (23) we obtain the value of 025, at /s = 1800 GeV
o = (10.39 4 0.42) mb. (24)

This value of 05, is in good agreement with the experimental value 0%, = (9.46+£0.44) mb
at 4/s = 1800 GeV [1].
The extrapolation of formula (23) up to the LHC energies /s = 16 TeV gives

0%, = (13.10 £ 0.53) mb. (25)
It also follows from formula (23) that
lim o%,(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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