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Abstract

A manifestation of the three-body forces in multipar-
ticle dynamics is discussed.
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INTRODUCTION

The three-body forces appear as a result of consistent consider-
ation of the three-body problem in the framework of local QFT.

Using the LSZ or Bogoljubov reduction formulae in quantum field theory
we can easily obtain the following cluster structure for 3 — 3 scattering
amplitude

Frog = Fra + Foz + Fiz + Flog

where F;, (i,j = 1,2,3) are 2 — 2 scattering amplitudes, F{; is called
the connected part of the 3 — 3 scattering amplitude.
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In the framework of single-time formalism in quantum field theory (adopted
in Sov. J. TMF 83, 247 (1990)) we construct the 3 — 3 off energy shell
scattering amplitude Ty93(E) with the same (cluster) structure

T193(E) = Tia(E) 4 Tos(E) + Ti3(E) + T4 (E).

The three particle interaction quasipotential Vio3(F) is related to the off
energy shell 3 — 3 scattering amplitude Ty93(E) by the LS-transformation

Tio3(E) = Vigs(E) + Vigs(E)Go(E)Th23(E).

There exsists the same transformation between two particle interaction
quasipotentials V;; and off energy shell 2 — 2 scattering amplitudes T;;

Tij(E) = Vij(E) + Vi;(E)Go(E)T;(E).
In QFT a three particle interaction quasipotential has the structure:
Vis(E) = Via(E) + Vas(E) + Vig(E) + Vo (E).

Vo(E) is the three-body forces quasipotential, it represents the de-
fect of three particle interaction quasipotential over the sum of
two particle quasipotentials and describes the true three-body
interactions. Three-body forces quasipotential is an inherent
connected part of total three particle interaction quasipotential
which cannot be represented by the sum of pair quasipotentials.

The three-body forces scattering amplitude is related to the three-body
forces quasipotential by the LS-transformation

Ty(E) = Vo(E) + Vo(E)Go(E)Th(E).



Global analyticity of the three-body forces.

Let us introduce the following useful notations
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n are all other variables.

We will assume that for physical values of the vari-
able s and fixed values of 1 the amplitude Fy(s;n, cosw)
is an analytical function of the variable cosw in the
ellipse Ey(s) with the semi-major axis

Mg
zo(s) =1+ N
and for any cosw € Ey(s) and physical values of 7 it is
polynomially bounded in the variable s. M, is some
constant having mass dimensionality.
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GENERALIZED ASYMPTOTIC BOUNDS

The generalized asymptotic bound for O(6)-invariant three-body

forces scattering amplitude looks like

Ins/s
M,
where Ry(s) is the effective radius of the three-body forces
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THREE-BODY FORCES IN SINGLE
DIFFRACTION DISSOCIATION

The formula connecting one-particle inclusive cross section with
the three-body forces scattering amplitude looks like
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A simple model for the three-body forces

I'm Fo(s; 71, D2, D35 1, 2. 3) = fo(s) exp{—

where fy(s), Ro(s) are model parameteric functions of s, gives the
following result for the one-particle inclusive cross section in the
region of diffraction dissociation
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If we take the usual parameterization for one-particle inclusive
cross section in the region of diffraction dissociation

s do
then we obtain for the quantities A and b
2m)3 R%(s
Al M) = TS, b M) = 70

[t is remarkable fact:

the effective radius of three-body forces is related
to the slope of diffraction cone for inclusive diffrac-
tion dissociation processes in the same way as the
effective radius of two-body forces is related to the
slope of diffraction cone in elastic scattering pro-

cesses.

Moreover it follows from the expressions
Ry(5) = %ln §/sh, §=2(s+ M%) — M2
0

that

the slope of diffraction cone for inclusive diffraction
dissociation processes at fixed energy decreases

with the growth of missing mass.

This property agrees qualitatively well with the experimentally
observable picture.
There 18 a very important relation
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SCATTERING FROM DEUTERON

The total cross-section in the scattering from deuteron can be ex-
pressed by the formula

oy (s) =04y (3) + 03, (5) — dor(s).

where 0,4, 0y, Opy, are the total cross-sections in scattering from
deuteron, proton and neutron,
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The total single diffractive dissociation cross-section oj(s) is de-
fined by the following equation
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where

e=e“ =2 /2MNRy.
We supposed that at high energies

tot tot tot
Ohp = Thn = OhN» Bez—Bez—Bel-

The first term generalizes the known Glauber correction

tot 2

6o(s) = doq(s) = OZNBSS), 77 << 1,

the second term in is totally new and comes from the contribution
of the three-body forces to the hadron-deuteron total cross section.



GLOBAL STRUCTURE
OF pp AND pj TOTAL CROSS SECTIONS

Recently (see Proceedings of VIIIth Blois Workshop (World Scientific, Sin-
gapore, 2000), pp. 109-118; hep-ph/9909531, hep-ph/9911533.) a simple
theoretical formula describing the global structure of pp and pp total cross-
sections in the whole range of energies available up today has been derived.
The fit to the experimental data with the formula was made, and it was
shown that there is a very good correspondence of the theoretical formula
to the existing experimental data.
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It turned out there is a very good correspondence of the theory
to all existing cosmic ray experimental data as well.

The predicted values for ¢!}, obtained from theoretical description
of all existing accelerators data are completely compatible with
the values obtained from cosmic ray experiments.

(hep-ph/0108118)



\ Sthr = 2/’np + me,

New “threshold”, which is near the elastic one, looks
like a manifestation of a new unknown particle:

me = 1.833 MeV

Diproton resonances.

mp(MeV) | Tp(MeV)| Refs. Cr(GeV?)
1937 £+ 2 7+£2 1] 0.058 £ 0.018
1947(5) +2.5| 8+3.9 2] 0.093 £ 0.028
1955 + 2 044 | [1] | 0.15840.024
1965 + 2 6+ 2 1] 0.138 £ 0.009
1980 + 2 9+2 1] 0.310 £ 0.051
1999 + 2 944 1] 0.188 £ 0.070
2008 + 3 442 1] 0.176 £ 0.050
202747 10 — 12 0.121 4+ 0.018
2087 + 3 127 1] —0.069 £ 0.010
2106 + 2 145 | [1] |=0.23240.025
2127(9)+5 | 4+2 | [1] |—0.22240.056
2180(72) £ 5 7+£3 1] 0.131 £ 0.015
221747 8 —10 0.112 + 0.031
2238 + 3 22 £ 8 1] 0.221 £ 0.078
2982 + 4 2449 | [] | 0.098+0.024




L-PARTICLE AND KALUZA-KLEIN WORLD
The input space-time is a (4 4 d)-dimensional space M)
./\/l(4+d) = M, x Ky
with the factorizable metric
ds* = Gy (2)dzMd2" = g, (z)dz" dz” + o (7, y)dy™dy",
Moot y™y, M =0,1,..., 3+d, 1 =0,1,2,3,m=1,2,...,d), 2 € M4y, * € My, y € K.
Let us consider the (44d)-dimensional model of scalar field

S=[d"2v/-G 1(a D)* — ﬁgqﬂ 1 Gt g
a g M 2 41 ’

G = det |QMN|
Let Ag, be the Laplace operator on K, (with the characteristic
size R), and Y,,(y) are ortho-normalized eigenfunctions

An
AKdYn (y) = - ﬁYn (y) :

d-dimensional torus T with equal radii R is an especially simple
example of Ky; here the eigenfunctions and eigenvalues look like

1 d
Y. (y) = ex (z Ny R), A, = |nl?,
W)= _grexw i X mny"/ id
In|*=ni+ns4+...0n3 n=(ny,ngy..., nd), —00 < n, < oo,

n,, are integer numbers, V; = (27TR)d 1s the volume of the torus.
Let us wright a harmonic expansion for the field ®(z)

B(z) = B, y) = 5 6")2)Yi )

The coefficients gb(”)(x) are called KK excitations or KKK modes.
Substitution of harmonic expansion into S and integration gives
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For the masses of the KIK modes one obtains

2 A
m, = = m’ + o2’
and reduction formula relating the coupling constants looks like
Gata
g=-"7"
d

Let us apply the Kaluza-Klein approach to our case. We assume
that L-particle is related to the first KIX excitation in the diproton
system. So, we put as

1
VSthr = 2my, +mg =2, /mi + 2

1

then

1
R

it corresponds

R=241GeV™' =4.7510 Bem),
Gerf = ganyexp(—mzR) ~ 0.5, (g2yn /47 = 14.6)] ,

)2/ (d+2)

M ~R" (Mp/R™ li—g ~ 5 TeV.

Let us build the Kaluza-Klein tower of KIK excitations by equation

), 1
M, =2 mp+ﬁ’ (n=1,2,3,...)

and compare it with the observed irregularities in the spectrum of
mass of the diproton system.



Kaluza-Klein tower of KK excitations of diprotons

n | M,(MeV) Mfgfp(MeV) Refs.
[ [ 187838 | 18775105 [3]
2 1883.87 1886 £+ 1 1]
31 189298 | 1808 £ 1 ]
4 1905.66 | 1904 £ 2 (4]
5 1921.84 1916 £ 2 1]
1926 + 2 [4]
1937 + 2 ]
1942 + 2 [4]
6 1941.44 1945 £+ 2.5 2]
1955 + 2 2]
1956 £+ 3 [10]
7 [ 196435 | 1965 % 2 ]
1969 + 2 (5]
S [ 1990.46 | 1980 + 2 ]
1999 + 2 i
9 [ 2019.63 | 2017 + 3 1]
2035 £ 8 [10]
10 2051.75 2046 + 3 1]
2050 + 3.2 [6]
11| 2036.63 | 2087 + 3 ]
2120 £ 32 [0]
12 | 212427 |2121 +3 [7]
2129 + 5 1]
2140 £ 9 0]
13| 216439 | 2150 + 12.6  [6]
2172 + 5 1]
2192 + 3 7]
14 2206.91 2217 [11]
2220 [9]
15| 2251.67 | 2238 £ 3 1]
2240 + 5 [7]
16 2298.57 2282 + 4 [1,8]
17 [ 234745 | 2350 9]




CONCLUSION

Investigations of three-body forces open many new
pages in the study of fundamental dynamics of par-
ticles and nuclei:

e Three-body forces define the dynamics of one-par-
ticle inclusive reactions.

¢ We have to take into accout a contribution of three-
body forces in scattering from deuteron.

e New scaling characteristics in shadow dynamics in
scattering from deuteron have been established by
account of three-body forces.

¢ Introduction of three-body forces resulted the dis-
covery of global structure of (anti)proton-proton
total cross sections.

e Investigating the three-body forces allowed us to
predict a new particle (L-particle), describing a
new scale of internucleon distances, where strong
Yukawa forces compared with electromagnetic ones.

Multidimensional space is a natural space to describe
the properties of three-body forces. Geniusly simple
formula provided by Kaluza-Klein approach so accu-
rately described the mass spectrum of diproton sys-
tem, and certainly it was not an accidental coinci-
dence. This means that the existence of the extra
dimensions was experimentally proved in the experi-
ments at very low energies where the nucleon-nucleon
dynamics had been studied, but we did not understand
it. However, now it seems we understand it.
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PROTON - ANTI PROTON TOTAL CROSS SECTI ONS
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Figure 1: The proton-antiproton total cross sections versus /s compared with the the-
ory. Solid line represents our fit to the data. Statistical and systematic errors added in
quadrature.
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Figure 2: The proton-proton total cross-section versus /s with the cosmic rays data
points from Akeno Observatory and Fly’s Eye Collaboration. Solid line corresponds to
our theory predictions.
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Figure 3: The proton-proton total cross-section versus /s at low energies. Solid line
corresponds to our theory predictions.
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Figure 4: The resonance structure for the proton-proton total cross-section versus /s
at low energies. Solid line is our theory predictions. Dashed line corresponds to the
“background” where all resonances are switched off.



