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ABSTRACT
Afproceduré for isolating the Pomeranchuk contribution to
total cross sections is suggested. Application to the K"N, EN
systems yields the same value within errors as for the K+N, PN
" systems, respectively, in agreement with the'Pomefanchuk theorem.
+1.2

For =N, an asymptotic cross section of 18.1 mb is obtained.

-1.5

There hés for a l§ng tiﬁe‘beeﬁ>intereét ih the asymptoﬁic behaﬁior.of
total crosé sectiohs for ﬁafious hadron-hadron.coilisions. Thé goal of
testing the Pomeranchuk theoreml has motivated experlments of increasing
precision at the highest energles avallable in existing acceierators. Data
from such experiments suggest that both the K+p, K+n and the pp, pn systems
come close to their asymptotic limits at presently available beam energies
whereas the K p, K n, the pp, pn and the nip total cross sections are still
significantly droppiﬁg.2

In this paper we suggest a procedure, based on plausible assumptions
ﬁut otherwise independent Ofbany particular model, to determine from data
at presently reachable energies the asymptotic limits of K_N, §N and =N
total cross sections. This procedure, applied to KN and EN, gives limits

. ‘
of 17.0_i 2 mb and 44.6+5.8 mb, respectively, in good agreement with the
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_ _ .
near-asymptotic limits of 17.2 mb for K N (Ref. 2) and 38.9 mb for pN (Ref. 3).

. +
Application of the same procedure to the n p data gives an asymptotic cross

+1.2
-1.5

fits and remarkably close to the K-nucleon limit.

section of 18.1 mb, substantially lower than most estimates based on Regge
We present our method of analysis by”conSidering snecifically the K
nucleon system. We assume that (a) the K P and K n systems have a common
asymptotic limit, a suppos1t10n experlmentally well supported by the rapid
decrease with energy of the forward K charge exchange amplltude (K p - K n),
(b) the high energy behav1or of the K p and K n total Cross sectlons can be

represented by relatlons of the form,

c0y(s) =o(») +aF(s) (1a)

a(») + a

It

0,(s) oF(s) REREEE . (1b)

where s is the c.m. energy squared, the subscripts 1,2 refer to K_p and K n

respectlvely, l,a are constants, and F(s) is a monotonlc function which

2
vanishes at 1nf1n1te energy Arguments for the plau81b111ty of (la), (1b)
and the smoothness of F(s) can be made as follows B
(1) Above a few GeV/c, the K n and K n total cross sections do appeark
to drop smoothly; furthermore, the X n cross section, which is the smaller
one, 1is dropping more slowly than the K p cross section.2 A similar situation
is known, with much higher‘accuracy, to.hold for the ﬁip system where the
smaller n+p‘cross section drops more slowly than the larger n_p cross section.
(ii) From the point of view of Regge poles, the forms (la), (1b) follow.

from the assumption of degeneracy for the P', w, p, and A, trajectories. In

2

fact, the degeneracy of (P',w) and (p’AE) combinations has been invoked to

. + + ' .
explain the flatness of the K p, K n total cross sections as a function of

>

energy. It has been shown by Lipkin6 that the postulated quadruple degeneracy

-—
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is required if other systems ﬁith "e#otic quantﬁm numbers” such as = x and
K+n+-are to exhibit flat total cross-section behavior as do the K+N and pN
systems. It mﬁst be emphasized hefe howevér‘that we do not assume thebReggé
powervdependence for F(s); and indeed, as will be shownvélséwhere, the data
give only a poo} fit to such power.iéw repfeséntation.

:>(iii) The‘fofms‘(la), (1v) have.fhe esthefic feéfﬁre £hat any'linear

combination of o corresponding, for example to pure. isovector or isoscalar

1%
t-chagnelzexghanges{ also,has»a smooth monqtonic.bghgviqr. In a sense, we
are making the simplest possible assumption compatible with.the experimental
observations, namely that fhe'smoothness observed_at a few GeV continues to
infinite energy.

The consequence of our assumptions is that there exists a linear combina-

tion of cl and 02, namely a 02, which cancels out the energy dependent

2”1 T %
terms leaving a constant cross section essentially equal to the asymptotic

limit. Our actual procedure is to construct the linear combination

0 (s) = 0y(s) - Moy (s) - ()] (@)

and choose.the parameter A, using the measured values of cl and 02, to make

UX(S) as flat as possible as a function of s. The value of G , when this

A
condition is fulfilled, is then a measure of the asymptbtic cross section_c(w).
In effect we are isolating the Pomeranchuk contribution to the total K N cross
section.

Similarly, to isolate the Pomeranchuk contributions in P and pion inter-
actions, we again construct a form liké (2), where in the first case the
subscripts 1,2 refer to Ep, En cross sections and in the second case, these

. -+ - . .
same subscripts refer to n p and n p cross sections. We now consider these

analyses in detail.



-4- , UCRL-19366

1. K DNucleon

5\ of maximum flatness, it is necessary

To apply Eq. (2) and construct a o
to have as precise values of o(K p), o(K n) as possible. Measurements of ?;
o(K p) to *0.2 mb at energies up to 18 GeV have been carried 6ut by Galbraith ,j
et al.ev These authors have also measured U(K-n), bﬁt because this measurement
requires a subtraction of o(K p) from deuterium cross-section measurements of
only io;h ﬁb aécuracy, as well as the éalculation of.Glaubéf correctidﬁé,
the'precisionnis not.sufficiently good td obtain a uséful.result for the
aéymbtbtic crqssfseetion. To getvarouné this difficulty we havé used defermina-
' tions of ﬁhe forward croés section df the K p chargé exchénge reaction by
Astbufy et ai.;7 coﬁpled.with ﬁhe optical theorem to detérmine directly.the
difference E(K-p) ;VG(K_h). This éalculatidn assumes that fhé forward ampli-
tude'of-the Kp charge exchanée is largely imaginary, a résult already known
to be esseﬁtialiy éorreét and explained on‘the basis of Regge theory.8 Actually
even as much as a>30% real componeht of thé forward amplitﬁde wouid inﬁroduce
negligible error. In Table I, for momenta, where gbod charge;exchange data
exist;bwé give.interpolatedrK-p cross séctidns,vK-p - K'n cross-section
differeﬁces obtained from the charge—exchangé data,kcaléulafed Kn croés
sections obtained from combining the K_p and charge-exchange data, and finaily
2,9

interpolated K n cross sections from the deuterium data. It is clear that

the last two columns are in good agreement as expected, but the K n cross

4
.l

sections derived from the'charge-exchange data are more precise than those
. obtained from the K d measurements.

A least-squares fit requiring maximum constancy for o,, gives A = 2.9%0.8

A

o +1.
and oh = 17.0_i g mb, with a X2 of 0.5 for two degrees of freedom. This

asymptotic value of 0, is in excellent agreement with the value of 17.2 mb

A

+ +
for the K p and K n cross sections. This is all the more remarkable in that
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at the highest momentum used in the analysis, 12.3 GeV/c, the K_p cross section
is still 4.5 .mb above the asymptotic value. It is worth noting that the K-p,
Kn asymptotic limit could be substantially improved with more precise and

higher energy charge-exchange data.

2. i.Nucleon .
Since pn measurementé suffer.from the same problemé as K n, we have followéd
a 51m11ar procedure in that we have ﬁséd Fge) -ésﬁn charge—exchange data, ?lus
the optlcal theorem to determine (pp) - q(in),.again.éssumingvthat the forward
amplitude is largély iméginary. In the loﬁer'part of Table I we have given
the cross sectlons G(pp), o(pp) - U(pn) from charge exchange,_d(pn) from

comblnlng the previous results, and flnally 0(pn) obtalned dlrectly from the
10
, .

i

deuterium a;ta- ﬁnllke the K n s1tuat10n, the Pn cross sections determlnéd :
from deuﬁeriﬁm are ﬁearly equai to Pp cross sections and do not agree well
withﬁthose obtained  from the optical theorem ana the charge;exchange results.

It must however be pointed out that a véry idrge Glauber>corréction is reqﬁired
to obtain O(En) from deuterium. Furthermore the value of (r_e) for deuterium
used by Gaibraifh et al.2 to 6btain o(pn) is about one and one-half times as
large as the values found appropriate by Baker et al., Carter et al., and

11-13

Abrams et al. A reduction in (r—e) by a factor of 1.5-2 would remove

the discrepancy between o(pn) from charge exchange and o(pn) from deuterium.

At the same time, it would lead to better agreement between np cross sections

1k

from the Galbraith et al. pd experiment and directly measured np cross sections,

‘while, because of the smallness of the K cross sections, it would not signif-

icantly affect the good agreement between the two ways of obtaining O(K_n)
previously mentioned.

The analysis in the P nucleon case is perhaps more dubious than for the
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other situations considered, largely because of the low energies of avallability
of data on the pp charge exchange. The pp cross section is still varying
significantly although very slowly above the highest energy used in the fit.

In any case our'analysis gives a limiting value of o, = 4y, 6+5.8 mb for

A = 2.2£1.0. Within the rather large errors this result is compatible with

the near asymptotic value of 38.9 mb obtained for pp at 26 GeV.3

3. Pidn Nucleon

Using the precise cross-section data of Foley et al. between 8 and 22

v 1.
GeV/c,lL we obtain a best-fit pion-nucleon asymptotic cross section of 18.1_i g mb.

This value is remarkably close to the limiting cross section for the kaon nucleon

system. The X2 is 4.9 for six degrees of freedom, and the corresponding value

+0. ' )
of A = 3.6_8 2. A plot of cx for this value of A for pions 1s shown in Fig. 1.
We have plbtted not only the 8-22 GeV/c data frdm vwhich the fit was made, but

12,15

also other data extending all the way down to 1.1 GeV/c. Inspection of

Fig. 1 shows the following features:

(i) For momenta above 4.5 GeV/c, the cross section o, with the above

choice of A is completely flat withih the errors; The fit for A was done only

for the Foley data above T GeV/c, and the fact that the flatness persists in
15 . .

the lower energy data of Citron et al. is a satisfactory consistency check.

The discontinuity in the actual values of Gh between the two sets of data
reflects discontinuities in the‘measured values of the n+ and n cross sections
presumably arising from systematic errors. If the systematic error is_actuall&
in the Foley et al. experiment rather than the Citron et al. experiment the
asymptotic limit may be more like 17 mb than 18 mb. |

(ii) As one goes below 4.5 GeV/c, the behavior of N exhibits wiggles

of increasing amplitude due to resonances. These oscillations are strikingly
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regular and reminiscent in shape of damped sinusoidal behavior. The maxima

and minima are roughly O 60 GeV/c apart and decrease 1n amplitude by a constant
factor of 3 1. Onme aspect of this regularlty well established before and
connected w1th the uniform spacing of the w1ggles, is the 1nterleav1ng of the

A and NT resonances on linear parallel Chew-Frautschi plots. The regularity

of Fig. 1 also nmﬂ;es however smooth momentum dependence of w1dths and

elasticities. These regularities are not nearly S0 ev1dent in the energy
dependences of the 1ndiv1dual ﬂ+ and T total cross sections. The absence
of oscillations above h.5 GeV/c arises from the fact that the osciilation
amplitudes have decayed to less than O 15 mb and are therefore w1th1n the
errors of meg surement . In effect, the resonances presumably continue to
higher energies, but are so inelastic as to be undetectable in the totalv
cross section; It is perhaps worth noting that the presence of resonance
OSCillations in what becomes a pure Pomeranchuk amplitude at high energy in
no way invalidates Harari 516 proposal that the Pomeranchuk contribution 1sv
built up from background only. Sinceiok for pions contains positive contri-
butions for T = 3/2 and negative contributions'for T = 1/2 states, it is
perfectly possible for the resonances to give a vanishing average contribution.
In this sense.our ox is different from other pure Pomeranchuk cross sections
like U(K+p) or o(pp). in which resonance contributions are strictly positive
and Harari's proposal therefore implies the total absence of resonant behavior
at low energy.

We conclude by noting that the values of A permit us to determine the
ratio between t-channel isovector and isoscalar contributions to the imaginary
part of the forward amplitude, exclusive of the Pomeranchuk contribution.

This ratio is just (2n + i)'l, and amounts to 15% for K N, 14% for TN and 12%

+
for n p.
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. FIGURE LEGEND
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T GeV/c, constant cross section of 18.1 mb; below T GeV/c, approximate
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K momentum o(X p) o(K p) - U(K;n) : o(K n) ) ( o(K n) )
(from c.e. from c.e. from K-d
(cev/e) (o) (mb) (mb) (mb)
5.0 25.00.6 2.91$0.33 00.1£0.7 -
7.1 23.8+0.2 2.21+£0.18 21.6+0.3 - 21.2+0.4
9.5 22.6%0.2 1.98%+0.20 1 20.6%0.3 20.60.4
12.3 21.7+0.2 1.60£0.12 20.1%0.3 20.2%0.4
P momentum - o(Pp) G{I—)P) - 0(_131) ( " o(pn) ) ( o(pn) )
from c.e. . (from c.e.)’ from pd
(Gev/e) (mb) (ub) (mb) (b)
5.0 62.0£1.5 7.25%0.6 54.75¢1.6 --
6.0. 59.3+1.1 7.20£0.6 "52,1 1.2 59.5%4.0
7.0 57.8+1.1 5.71£0.45 52.1 il.z 58.4tk.0
- 9.0 55.5%t1.1 4 .7520. 4 50.75%1.2 56.4+3.9
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