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New systematics in hadron total cross section*
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Analysis of total cross section data from 2 to 200 GeV/c shows striking regularities in the
discrepancies between the experimental data and predictions based on two-component duality with exact
exchange degeneracy, universality, and SU(3) symmetry. These regularities suggest that the discrepancies
are not due to a number of unrelated breaking effects, but are all related and described by a single
universal third component which has even-signature isoscalar exchange in the t channel, has exactly the
same energy dependence for kaon-nucleon, pion-nucleon, and nucleon-nucleon scattering processes, and

scales in the ratio 1:2: ~. This new component suggests a common origin for the strangeness

dependence of the total cross sections and the deviations from quark-model additivity, and gives a
unified description of the following apparently unrelated effects: (1)The cr(mN)-&(If: &) difference,

(2) the deviation of cr(mN)/o. (NN) from — (3) differences in energy behavior of cross sections,
particularly the decrease in o.(pp) at low energies, and (4) the differences among cr(K+p), cr(pp),
and o.($p), which are all pure Pomeron in two-component duality.

Hadron total cross section data over the energy
range from a few QeV to 200 QeV are consistent
with predictions from quark models, Regge pole
models, and various symmetry schemes which
incorporate universality and exchange degeneracy.
However, several apparently unrelated discrepan-
cies exist at the 15% level. ' The data have been
satisfactorily fitted by phenomenologically break-
ing symmetry, universality, and exchange degen-
eracy' and treating ~N, KN, and NN scattering
differently with nonuniversal adjustable param-
eters. This note points out a systematic univer-
sality in these discrepancies which suggests that
all cross sections should be treated together and
described by a simple universal formula. The
values of all adjustable parameters should be the
same for mN, KN, and NN scattering; the differ-
ences should appear only as quark number coef-
ficients [or equivalently as functions of eigenvalues
of generators of U(3) &&U(3)].

Our approach is to search for striking regular-
ities in the experimental data, not Predicted by
theory, which can motivate further theoretical
and experimental work. The regularities found
seem too striking to be a numerological accident
and have very simple theoretical and experimental
implications. The strangeness dependence of the
total cross sections seems to be related to the
difference between meson-baryon and baryon-
baryon cross sections. This relation leads to
significant experimental predictions of immediate
interest, namely that the differences between
nucleon-nucleon and hyperon-nucleon cross sec-
tions should be larger by 50% than the predictions
of the simple quark model. "

op(HP)= (N,")I13.5+ -1.25 ln(P„„/20)]/2, (1b)

where all cross sections are in millibarns, N,
" is

the number of quarks of type i in the incident
hadron 8, and N,

" is the total number of quarks
and antiquarks in hadron H. The quark numbers
provide a convenient shorthand4 for expressing
conventional requirements of universality, ex-
change degeneracy, and SU(3). Table 1 lists the
discrepancies between experiment' and theory, as
defined by

hr(HP) = o,„,(HP) —o„—(HP) —c~(HP) . (2)

We now check whether these differences look
like noise or show a clear signal not previously
noted. Table I shows such a signal which indicates
a new kind of universality. The discrepancies
5o(vN), 5a(ff N), and 5c(NN) all have exactly the
same energy dependence and a magnitude which
scales according to a simple quark counting
recipe. Conventional phenomenology' fits the
discrepancies in cr(mN), a(KN), and v(NN) sepa-

We first compare experimental cross sections
with the simplest theoretical expression obtained
with a minimum of adjustable parameters under
the assumption of exact exchange degeneracy,
universality, and SU(3) symmetry The. theoretical
input is a Regge component 0~ with intercept —,

'

and a Pomeron component o„having the form
a + b lns. These components are defined univer-
sally for the scattering of any hadronH on a pro-
ton target with three universal parameters ad-
justed to fit the data,

cz(HP)= 1.75(N„-+ 2N~ }(P,b/20} '", (la)
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TABLE I. Experimental values of Der suitably scaled.

~~60 (pp)
(mb)

~ho(m p)
(mb)

p«(pp)
(mb)

«(x'p)
(mb)

~60 (r p)
(rnb)

I'
(Ge V/c)

6o (E p)
(mb)

6.9*0.01
6.2+ 0.01
5.0+ 0.13
4.8 + 0.13
4.7 + 0.13
4.5 ~ 0.13
4.3 + 0.13
4.2+ 0.13
4.1 ~ 0.13
4.4~ 0.03
4.2 + 0.03

7.1 + 0.02
6.1 ~ 0.01
5.1 + 0.15
4.8 ~0.04
4.6 ~0.04
4.5 +0.04
4.4 ~ 0.04
4.3 + 0.04
4.2 ~0.04
4.3 ~0.06
4.1+0.06

7.0+ 0.06
6.1 ~ 0.04
5.0+ O. l
4.9 + 0.1
4.7+ 0.1
4.4 + 0.1
4.3 + 0.1
3.8 ~ 0.1
3.7 ~ 0.1
4.2 + 0 ~ 1
3.9 + 0.2

8.4+0.1
7.2 +0.1
5.6+ 0.3
5.7 + 0.2
4.9+0.2
4.2+ 0.2
4.3 +0.2
4.2 +0.4
3.9 +0.8
4.4 +0.2
4.0 +0.1

2

3
6
8

1{)
12
14
16
18
15
20

6.5 + 0.02
6.8 ~ 0.01
5.5*0.1
5.2 + 0.04
4.9+ 0.04
4.7 + 0.04
4.5 + 0.04
4.4 + 0.04
4.3 ~ 0.04
4.5+ 0.04
4.1 + 0.03

10.0 + 0.01
8.3 ~ 0.01
5.6 ~ 0.2
5.3 + 0.2

4.7 ~ 0.2
4.6 + 0.2
4.4 ~ 0.2
4.7 + 0.8
4.7 ~ 0.2
4.3 + 0.1

3.9*0.1
3 ~ 7~ O. l
3.6+ O.l
3.7 + 0.1
3.4 + 0.1
3.7 + 0.1
3.4 + 0.1
3.4 ~ 0.1
3.3+ O.l
3 ~ 3+0.1
3.5 *0.1

3.9 ~ 0.06
3.8 ~0.06
3.8 + 0.06
3.7 +0.06
3.7 ~ 0.06
3.7 ~0.06
3.8 + 0.06
3 ~ 6 +0.03
3.4 & 0.03
3.4 + 0.03
3.4+ 0.03

4.0 + 0.03
3.9 ~ 0.03
3.8+ 0.03
3.8+ 0.03
3.7 + 0.03
3.7+ 0.03
3.6 ~ 0.03
3.6 + 0.02
3.4 + 0.01
3.2+ 0.01
3.2+ 0.01

25
30
35
40
45
50
55
50

100
150
200

3.8 +0.1
4.0 ~0 ~ 1
3.6 ~0»1
3.7 6 0.1
3.7 +0»1
3.6+ 0.1
3.6 +0.2
3.4 +0.1
3.3 *0.1
3.3+0.1
3.4+ 0.1

4.0 + 0.03
3.9 + 0.03
3.8 ~ 0.03
3.7 + 0.03
3.7 + 0.03
3.7~ 0.03
3.7+ 0.03
3.7+ 0.03
3.5 + 0.03
3.4+ 0.03
3.4+ 0.04

4.1+ O. l
3.9 + 0.1
3.9 + 0.1
3.8 + O. l
3.7+ 0.2
3.5~ 0.2

3.6*0.02
3.3 ~ 0.02
3.2 ~ 0.04
3 ~ 2 ~0.06

procedure, but the experimental data strongly
suggest that the following four effects are all
related and that a new theoretical approach should
be found which relates them.

The wN KN differ-ence The d. ifference
o„,(w p) —o„,(K p) is 5 mb at 2 GeV/c and de-
creases slowly to about 3.5 mb at 200 GeV/c.
This slowly decreasing strangeness-dependent

rately with symmetry-breaking contributions.
Table I suggests a universal additional contribu-
tion for all processes rather than different break-
ing effects in different processes which accident-
ally add up to give exactly the same energy depen-
dence over an energy range of two orders of
magnitude.

For a more detailed analysis we examine the
experimental data plotted in Fig. 1, with the
baryon-nucleon cross sections multiplied by,'- to
exhibit quantities predicted to be equal by the
quark model. ' Also plotted are the linear combin-
a.tions
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FIG. 1. Experimental total cross section data and the
linear combinations (3).

The expression (3a) for o(PP) is obtained from the
quark model and has been used successfully to
describe P photoproduction. The expression (3b)
describes the "pure Pomeron" contribution accord-
ing to the model of Ref. 1. All the cross sections
in Fig. 1 are seen to be equal at the 20% level at
200 GeV/c. But more precise analysis shows the
discrepancies given in Table I, normally consid-
ered as four qualitatively different effects, each
fitted with its own individual parameter. There is
no strong theoretical reason for or against this
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contribution to the total cross section is larger
than the contributions from the leading Regge ex-
changes at Fermilab energies.

2. The deviation from the I.evin-Frankfurt &

rule. The cross sections -', o„,(pp) and ';o, ,(pp}
are not equal to o(vp) and o(Kp) as predicted by
the quark model' but are consistently higher by
about 20%%uo. This effect cannot be explained in the
additive quark model and indicates the presence
of a nonadditive contribution.

3. The Pomeron contribution. Duality' and ex-
change degeneracy4 suggest that there is no contri-
bution from the leading Regge exchanges to
o„,(K'P) and o;„(PP), which are exotic, or to
o,„,(QP) since the P decouples from the leading
Reggeons. However, „o,(K'p), o„,(pp), and the
quark-model expression (3a) for o(QP} behave
very differently as a function of energy between
2 and 200 GeV/c. If one is the Pomeron the other
two are not. An additional contribution must be
present in addition to the leading Reggeon and
the Pomeron.

4. Different behaviors of rising cross sections.
Rising total cross sections were noticed in the
Serpukhov data' from 20 to 60 GeV/c and confirmed
at higher energies. However, each curve in Fig.
1 shows a different energy behavior. Striking fea-
tures not Previously noted are the monotonic
rising behavior and the approximate equality of
the particular linear combinations of cross sec-
tions (3a) and (3b) over the entire energy range
from 2 to 200 GeV/c.

We now show that all these apparently unrelated
effects seem to have a single common explanation.
The new regularities are in isoscalar even-signa-
ture exchange normally associated with the Pomer-
on. For total cross section differences, known to
be fitted very well by Regge expressions of the
form (la), our analysis adds nothing new. The
first three columns of Table I suggest an addition-
al contribution slowly decreasing with energy and
coupling to kaons, pions, and nucleons in the ratio
1:2: —,'. To see this regularity more clearly we
remove the well-understood Regge component
(la) from the experimental cross section, and plot
the differences 0„,—0 R in Fig. 2. The successful
removal of the Regge contribution is indicated by
the collapse of the particle-antiparticle differences
to give three curves independent of charge above
10 GeV/c for (';)o(NN}, o(eN}, and o(KN)

Two-component duality describes the differences
O...-oR as Pomeron contributions to the total
cross sections. Figure 2 shows that they a,re not
all equal as expected in the Levin-Frankfurt ap-
proximation and that the departure from equality
shows a striking new regularity, an approximately
equal spacing all the way from 2 to 200 GeV/c.
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FIG. 3. Experimental values of cross section dis-
crepancies.

The w-K difference appears to be related to the
discrepancy from the Levin-Frankfurt ~ ratio for
o(BB)/o(MB), although the former is usually at-
tributed to SU(3) symmetry breaking and the latter
completely unrelated to SU(3).

Experimental values of bo defined by Eq. (2) are
shown in Fig. 3. The three curves representing
bo(RN), bo(mN), and bo(NN) scale with the same
energy dependence and a ratio 1:2: 3. This is
emphasized by plots of the same data in Fig. 4 as
a universal curve when bo(RN}, bo(vN)„and bo(NN)
are multiplied by scaling factors 3: & . & .

The spread in the curves at low energies in
Figs. 2-4 indicates inadequacies in the prescrip-
tion (1a}for the Regge exchange component at low
energies. We do not attempt to investigate this
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point, but note that the scaling of ~N, KN, and
NN cross sections in Fig. 4 is even more marked
when the lowest charge states o(pp), o(& p), and
o(E'p) are chosen. These are given in the first
three columns in Table I.

Table I and Figs. 3 and 4 present striking evi-
dence for a new component in hadron total cross
sections which decreases slowly with energy and
satisfies the ratio 1:2: —,. One possible dynamical
model for such a component' has two Pomeron-
type contributions, one with n & 1 and the other with
ot &1. We use this model to motivate a universal
empirical formula for total cross sections without
taking the details too seriously. The residues of
the two Pomerons are assumed to be given by
well-defined universal quark counting prescrip-
tions except for over-all universal strength fac-
tors, and the two strength factors and two inter-
cepts are parameters determined by fits to ex-
periment. This gives the formula

o(HP) = (N,")o,(P„,/20)"'

+ (H,"N~)o~(P„ /20)' + o„, (4)

where N„", is the total number of nonstrange quarks
and antiquarks in hadronH, o„ is given by Eq.
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(la), and o„c„e,and S are adjustable parameters.
We consider only the cross sections o (pp), o(K'p),
and o(v p) since the others are determined unique-

ly by these three and e„. Table 0 shows the fit ob-

FIG. 4. Values of cross section discrepancies. Quanti-
ties plotted are 3 6o.(NN), 26'(mN), and 6o.(EN).

TABLE II. Comparison with experiment of predictions from the formula (4) with o.
&

——13 mb,
o2 ——4.4 mb, e =0.13, 6 =0.2.

P
(GeV/c) Exp.

~V&)
(mb)

Theo.

cr(E P)
(mb)

Exp. Theo.

o(7( P)
(mb)

Exp. Theo.

2

3
6
8

10
12
14
16
18

15
20
25
30
35
40
45
50
55

50
100
150
200
500

1000
1400
2000

47.2 + 0.04
44 4+0 04
40.6 + 0 ~ 6
40.0 + 0.6
39.9 ~ 0.6
39.4+ 0.6
39.1 ~ 0.6
38.7 + 0.6
38.7 + 0.6

39.3+0.1
39.1 ~0.1
38.8 + 0.1
38.6+ 0.1
38.5 ~0.1
38.5 + 0.1
38.4+ 0.1
38.5 ~ 0.1
38.4 ~0.1

38.1 + 0.1
38.4+ 0.1
38.6 + 0.1
38.9 ~0.1
40.8
42.7
43.2
44 0

45.8
44.2
41.9
41.1
40.6
40.2
39.9
39.6
39.5

39.8
39.3
39.0
38.8
38.7
38.6
38.5
38.5
38.4

38.5
38.4
38.6
38.8
40.0
41 ~ 5
42.3
43.4

17.6 ~ 0.06
17.2 + 0.04
17.0 +0.1
17.3 ~ 0.1
17.3 ~0.1
17.3 + 0.1
17.4 + 0.1
17.0 ~0.1
17.1 +0.1

17.3 + 0.1
17.4 ~0.2
17.7 + 0.1
17.7 + 0.1
17.8 +0.1
18.0 + 0.1
17.9 + 0.1
18,4 + 0.1
18.2 + 0.1
18.0 ~0.1
18.8 + 0.1
19.3+0.1
19.8 + 0.1

16.6
16.6
16.7
16.8
16.9
17
17.1
17.2
17.3

17.2
17.4
17.6
17.8
17.9
18.1
18.2
18.3
18.4

18.3
19.2
19.8
20.3
22.1
23.6
24.5
25.4

35.8+ 0.04
32.4 + 0.02
28.5 + 0.3
27.5 + 0.1
26.8 + 0.1
26.3 ~ 0.1
25.9 ~ 0.1
25.7+ 0.1
25.4+ 0.1

25.8 + 0.1
25.1 + 0 ~ 1
24.8 *0.1
24.6 + 0.1
24.4 *0.1
24.3+0 ~ 1
24.3 *0.1
24.2 ~ 0.1
24.5 + 0.1
24.0 + 0.1
24.0 + 0.1
24.1 +0.1
24.3 ~ 0.1

34.7
32.1
28.7
27.6
26.9
26.4
26.0
25.7
25.5

25.9
25.3
24.9
24.7
24.5
24.4
24.3
24.2
24.1

24.2
24.0
24.1
24.2
25.1
26.1
26.8
27.5
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tainable with the simple universal four-parameter
expression (4) over the very wide energy range
from 2 to 200 GeV/c, including CERN ISH data for
c(pp) up to 2000 GeV/c equivalent P„b. The points
at very low energies should be considered only
qualitatively, since simple theoretical descrip-
tions are not expected to hold down to 2 GeV. This
fit is not presented to support any model but sim-
ply to show that regularities must exist in the
data to allow a fit to the accuracy of a few percent
over a wide energy range with a few universal
parameters, rather than by invoking special dif-
ferent mechanisms for mN, KN, and NN channels.
The universal formula (4) can be used for any
hadron Ij with no new parameters and predicts
hyperon-nucleon cross sections.

The essential new qualitative feature in this
approach is independent of the particular paramet-
rization. The second term on the right-hand side
of Eq. (4) contains the strangeness dependence and
breaks quark-model additivity by a quadratic de-
pendence on the quark number variables. This
common origin for the strangeness dependence
and additivity breaking explains the regularities
of Table I and Figs. 2-4 and predicts a large
deviation of the hyperon-nucleon total cross sec-
tions from simple quark-model predictions.

This approach directs the attention of theorists
and phenomenologists to particular linear combin-
ations of cross sections which have simpler energy
behavior and may have simpler theoretical des-

criptions than the cross sections themselves. The
combinations (2) contain contributions only from
0, and have the very simple monotonically rising
energy behavior shown in Fig. 1. The difference
o(w p) —o(ff p) has contributions only from o, and
also exhibits a simple monotonic energy depen-
dence. Linear combinations which have no con-
tribution from 0, or 0, and depend only on v„have
the form

A, =A(vP) ——,'A(ffP) —~A(PP),

where the amplitudes A(wP), A(RP), andA(PP)
denote any charge state of the system or any linear
combination of amplitudes for different charge
states with coefficients whose sum is unity. These
have been shown' to decrease as s "' as expected
for a leading Reggeon contribution and to enable
the separation of the f-exchange contribution from
the Pomeron in isoscalar even-signature ampli-
tudes.
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