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ABSTRACT

The relatiohship of the.non—difffactive-renormalization of the

bere Pomeron via XX and BB production - or its "flavoring" by A

quark loops end di-quark loops - and the shape of the NN total cross

-~

section-is studied in some detail. The "unflavored" bare Pomeron P

generated by nonstrange quark léops with intercept & = 0.85 is non- .

" diffractively renormalized into the "flavored" (Gribov) bare Pomeron

P with intercept a above one (o = 1.06 here). We utilize inclusive

data on KX and BB production as well as inelastic diffraction to

constrain parameters, and we fit the,combinatioh 1/2 (opp + UPE)

from s = 10:GeV2 through ISR energies, including the new Fermilab

data, to high accuracy. No prondunced long wavelength'oscillaiions

are observed, 'We suggest that these data favor the Chew-Rosenzweig
ren.lgetlon of the topological expan51on over that of Harari-Freund.
We show that our scheme is consistent w1th the rising behav1or of

20, - d

XN nN'

The nature of the rise in total cross sectlions has been a
source~of ﬁheoretical uncertainty. Gribov's'ReggeonIﬁeldtheory(l)(RFT)
is consistent with the infinite energy behavior .(ins)n with 0<ng 2,
and the Eikonal model(z) yields the same'forﬁ with n = 2. However, in
the finite energy region of FNAL;ISR both theories probably reduce to

(2,3)

finite and highly truncated series' A common feature of both ap-

proaches involves the use of a first approximation oLf sé -1 to
the-total cross section 0. This corresponds to a bare pole P in

an approximate partial wave amplitude A =B8(j - a) l. Absorptive

P cuts of various kinds are then added (self-lnteracting'fér'the

RFT result and disconnected non-self-interactlng for the Eikonal result)
The parameter o 1s required to be above one because the cuts are
absorptive-and o rises at high energies{

.  An apparently different idea correlates the rise in. o with

the experimental cbservation of the rise in inelastic production of
palrs of particles (KK, BE) péssessing quantum.numbers (strangeness,
baryon number) not found at low energies to any appreciable exﬁent(A’s).
The simplest mﬁltiper&pheral realizatien of -this approach uses: inherent

% kinematic effects to provide the delayed effective thresholds,

min
Our pﬁrpese here is te examine this second approach in greater

detail than has been done previocusly. We do not mean to imply that

our calculetion will be inconsistent with the first approach. On the

contrar&, we believe that the eorfect interpretetiqn is a meiange of all

the 1deas. The key to the resoiution 1ies 15 the observation that the

bare Pomeron can undergo non-diffreceive renormelizaticn - which we

shall call "flavoring" - as well;es diffractive renormalizaticn due

to j-plane cuts. The nomenclature "flevoring" arises from the different
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- quark flavors, e.g. strangeness. At low energles, the "anl;voréd" .

- bare Pomeron 5 is visualized as being geﬁeratea by iterating non-':
strange quark q‘loops - i.e. the unitarity sum contains only nod-strange
particlés away from the fragmenfation region. This is due to the
suppression of strange quark A 1loops (i.e. of Kf»production) dué to
the higher mass of the XA over the q and some éynamical mechaﬁism
(é.g. toin effects).. Indeed, ﬁrodu;tion of XX pairs is observed(é)
_fo:be an insignificant effegt below some effective threshold (around
g8 = 40 GeV2). Above this energy X "quark ldops occur and thé bare
queron becomes "flavqrea" by tﬂem. The:same effect occuré for BB
pair pfoduction, with a somewhat higher effective threshold, corres-
bonding'to the suppression.of diquark (qq) ioops. We shall (somewhat

_ loosely) use the word flavoring for this éffect as well. Of course,
one can go on to add_chérmed quark loops. It is possible that
flavoring by these (and any higher mass quarks) have an insignificant
effect even at very high energies sc that théAPomeron flavoring con-
verges rapidly. The completely flavored bare Pomeron is the Gribov _
bare Pomeroq(B). ) )

It is important to keep in mind that the flavoring renormal-
ization takes place within tréditionai Reggeon. language, i.g. the
intercept is not energy‘dependent. “What happens is that the unfla-
vored and‘flavored ﬁoles occur in differeﬁt approximate_partiai

wave amplitudes;'_the Mellin transform generates the energy dependence,

and a smooth transition occurs in energy. We shall see this'explicitly

later.
Our picture is that the unflavored bare Pomeron P hésxan

intercept a below 1. This is consistent with (and even suggested ty)

-4_
two body data bélow_.s ='60 GeV2 (7) and with inclusive ab + aX near
X = 1(8)., With the onset of flavoring effects the ; is renormalized
into. the P with intercept. a above one yielding high energy rising

cross sections. We shall see that the inclusive data constraining

the flanring ahd the shape of the total NN cross. section are consistent.

- We shall not include any j-plane cuts, other than an absorptive in-

elaétic diffraction term. Other cuts should be added. . Our attitude
is that we want to keep things éimple. In the end we shall see that
additional abéorptive effects é:e indeed called fér, i.e. more cuts
will improve the calculation. .

- Quigg and’Rabinovici(g) have made the interesting observation
that the vacuum exchange pilece.of the combination 2°KN - o of
total cross sections has a monotonically rising behavior, to which
they.aséribe a fundamental significance. We show.that their inter-
pretation is by h§ means required. Extending our NN results to make
a simple gssumptioﬁ‘on the meson-baryon renormalizing thresholds,
coupled with previéus phenomendlogy(7), allows a descriptibn of these
data also. .

We close tﬁis section with some géneral'remarks. The bare
Pomeron is‘generated by the‘multipé}ipheral sum of planar and cylinder
termé within the topological expansion(lo). Two schemes afe consistent

(11) corres-

with this dpproach. The first due to Chew and Rosenzweig
ponds to éur parametrization, and an account of this is contained in
Ref. (12). This .approach identifies the f and Pomeron as the _éame
objecf. The unitarized Harari—?reund schemé(lo’IB) hakes a different. =

assumption gbcout the j-plane structure of the eylinder and preduces

a distinct Pomeron and f. We shall not dwell on the formidable

'

SRS P
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difficulties of phenomenologically distinguishing between these ap-
Proaches. We only wish to state that flavoring is an effect that
shouid be preseﬁt in additibp to fopological arguments and quésfions
of j-plane singularities in the cylinder kernel. We beliéve, in
fact, that the substantial flavoring indicated by the data favors
tﬁe Chew-Rosenzweig approach over that of Harari-Freund. This is

because the pole renormalization effects dﬁe to flavoring are on the

crder of Aa = 0.2. Such an effect cannot be accomodated by the more

traditional scheme almost by construction, relying as it does on a
leading singularity practically at 1 and not undergoing any sig-
nificant renormalization of any sort. Thus, the Harari-Freund
ascheme requires the simultaneoué existence of some Absorptive effect
to.cancei oﬁt_the flavoring renormalization. It is probably very
difficult fo arrange this without spoiling simple j-plane structure.
We, along with other authors(A), beliévé_that sdbenergy unitarity.
(14)

cansiderations cannot prevent flavoring without breaking down the

wnole picture of simple Regge phenomenclogy at moderate (e.g. BNL)
e:ergies(l5). We see no general reason why unitarity, which is by no
means saturated at present energies, should prevent flavoring renor-

malization. Indeed, We ‘are in some sense merely counting different

" types of quark loops whose mass splittings provide the relevant

thresholds. We find this a saiisfying parallel to quark model phen-

c:ehology>in general.

" We now proceed‘with the model, a treatment closely following

earlier work(A’j). We-write the approximaté t~channel = I = Q positive

gignatured partial wave amplitude ,Aj(t) at t =0 as

.JJJ. | @

A, =N, /D
Here
=S -bgj
. 3 g KJ e BJ )
D,=J~-d- -
! (G- "K (5 - 3B
and
- -bni 'w.
bod Ep® °a! g Y .
Ny = 8e™R) |1+ i i (3)
RS RETY G-
. We shall explain the significance of the parameters momentarily.
The Mellin transform of Aj is'given by
¢ + 1o » . .
Ts) = 2mi 5o i] (4)

Je - iw

T(s) is our appfoximﬂtion to the forward absorpﬁive amplitude related
to ihevvacuum exchange part of the totgl cross section 0 by
1(s) = so(s). | |

. A generalization of the following formila will be used when

o is decomposed into its partial cross sections

+ joo _ .
' (Y IS
. 4 4 _ aY
Jo - 1= wr () GapeT e O

where. Y = ln(s/so) - b. The 6 function produces the effective

‘thresholds. -This 1s a particularly simple type of threshqld,_and is

clearly not exact since (e.g.) small emounts of XK and BE production

are observed even at low energlee,
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Equation (5) shows thatwe can soften the shape ebove ahard threshold

by increasing n. The factors (] - Ji)-ni'in eqs. 2, 3 satisfactorily

There are

accompiish this with n = ng = 1 and ny = np = s,

dynamic and kinematic sources for singularities in Nj and Dj within

multiperlpheral dynamics, e.g. Regge-Regge cuts near J = 0O coupling

j= O(m ) from pion exchange(l6),

anto a produced XX pair, a pole at

nonsense poles, etc. We shall simply regard them as phenomenological

coﬁétrﬁcts aceompanying our somewhat unrealisﬁic hard thresholds. We

=0 and jD =24-1, Jp= 20 %1, the latter

P * a7,
teing the positions of the P x P and K x K cuts

shall set jK B

. . . ) 7 ) . .
Using these equations yields the famlliar results(B’ ﬁhat

at 1low energies, T(s) 1is described by the unflavored pole P in the

0) eamplitude, with terms of O(gi) ap- -

unrenorsalized 4, (g =

pearing at increasing energy. Equivalently, one may describe the ampli-
tude T(s) by the flavored pole in Aj along with an appropriate number

of secondafy complex poles. The perturbation expansion in the 8

‘ ie utilized to produee the «<n>» distributions. For example, gK

orVKOKO). The coupling g

— . .y + -
produces n KK pairs (either K K
represents both PP, mn production and possible annihilation ef-

feets(4’5). gD

and. g are couplings for'ineiastic diffraction

pp » pX (witk the absorptive sign) and associated production

pp + (A, Z...)KN . |
We now confront the data(6’18 _), constraining g. 'bi (i = A,

K, B) by the sizes and effective thresholds of the inclusive K*, K

and p prdduction data(19‘, while ‘Bp» bD are chosen to give qualitative -

' {20,21)
! ’ ! \ »
agreement with conventicnal estimates of inelastlc diffraction .
are consirained by o at low energies,

The parameters £ and -bo

_have appeafed in the literature(zz'.

-respectively

“ hilation effects mentioned earlier.

-8-

(7,8)

while a = 0.85 was fixed in conformity with revious Phenomenology
‘ The results for ¢ are shown in fig. 1. Very good .agreement
with experimeni is foﬁnd from low energles through ISR energies.
Attention should be drawn to se§eral points. First, no proneunced ose
cillations are present. This is in opposition to statements which
It means thatbthe perturbation
series in gy is more accurate than the truncated series of the P
and a single pair of secondary complex poles (here located at 0.16

1.0 1). Secondly, phe'flatness of o in the Fermilab region is

correlated with the gradual rise of Bﬁ'production. These data

coupled with the gradusl rise at ISR may present - difficulty for more
conventlonal approaches(g)

‘The relatlve contrlbutions of the various terms to o at 200
GeV/c are U(P) =11.9amb,

= 29.6mb, OK OB,= 2.4 mb, Op = 1.8:mb

and gy = -5.3 mb, where 0y @ g;. In our parametriza{ion the rise in
the cross sectlon is due to BB productlon but the high energy cross
sectlon has a substantial part composed of events that have at least
one KX pair. The bare flavored P energy dependence (whose intercept
turned out to be a =1.06) is softened through ISR energies by
the dlffractlve term(B)

In fig. 2 the results for the inc1u31ve productlon of K*, X~

’and P are shown. The data are indicated by pluses, minuses and dcts,

(e, 19) The curves predlcted by the model are all qual--

itatlvely correct but are actually too 1ow. In particular the p
multiplicity curve shown assumes the corplete absence of the_enni-

If these effects are present

(and they probably should be present) the curve would be lowered

w
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: actually'be seen,

‘where p =
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still further since the model would predict that fewer D 's wouid .'

This implies that there is indeed room for ad-

ditional absorptive effects (i.e. '—pléneAcuts) which we have left

ou;. ‘Additional absorptlve cuts will allow more positive K', 3

productlon in the model. In eny case it is clear that the flavoiing

effect as we have described it is very substantial. We believebthat

it should be inclﬁded in any discdssionbof diffraction.

We close with a sho;t deseription of the meson-baryon cross

sections. For illustration we choose a generic softened renormalizing

threshold term, equal in both N and GKN of the form

so =1.88 "

-

(mp - b 6(tnp-b)m - (6)

Pap / 1(GeV/c) and b= 2.9. For p< 30,80 is

less than 2% of o or o Using parameters for the ; pélé

. ~ R N KN®
and the P x ? cut strengths identlcal to within 2% to those of the

global fit of Ref. 7(23’k24), we obtain the resulfs shown in fig. 3

for 2GKN - gnN . ~The agreement of this sdmewhat oscillatory curve

The increasing- tendency of the data is

Teproduced by ‘the combined P P x P and 80 terms.

with the dgta is reasonable.
- The des-
criptions of O and kN separately are of similar quality.’Below
= 150, % 4% too smell. The reader who has followed us up to.now
should agree that the form of 60 used is undcubtedly tco 51mp1e

A more detailed analysis is presently underwa&

exercise shows that the hypothesis of the Pomeron'— f identity coupled

w2th flavoring can provide a perfectly Plausible interpretsation of

these  data. -

"flavoring" thresholds enables the.Pomeron-f identity

sistent with rising cross sections.

. 1
reminiscent of the f or o

‘bonetheless the simplé."

=-10-

Discussion

We have argued that the experiméntal existence of non-diffractive

(11) to be con-

Qur work is by no means cémplete.

'Meson-nucleon scattering, the introduction of. Eikonal cuts, the. dynam-

(25, 26)

ical origins of flavoring and the interpretation of the resul-

ting flavored vacuum poles all need further work. Our leading secondary
flavored pole is complex. - Complex poles can colllde, become real at

timelike t, and go through particles. On the other hand flavoring

‘might produce & leading secondary real pole (along with other inevitable

This cannot be the Harari-Freund (HF) ideally mixed
(12, 27, 28)

complex poles).

, more
(28)

f, since strong XX and qqag components will exist

(29). Moreover, except in weak coupling
it is too low; we calculate its intercept as -0.2 for ref., 27, similar

A more plausible origin for the HF scheme is
(12)

in ref. 12.
(10, 13)

to the fd
topological although no 31mple cluster model will produce &
A final point concerns phenomenology performed with flavored
poles. vWe believe that this is uﬁmotivated at energies below flavoring
thresholds. It is still possible; the price islto‘add in flavored com-
plex poles to céncél out the unwarranted flavoring of the leading pole

A more economical description at these

(3, 7, 30),

below flavoring thresholds.

energies is to use unflavored poles This is all consistent

with the Pomeron-f identity. In the HF case one must: (1) either elim-

inatevflavoring by selectively absorbing(l4) a structureless kernel,

which probably has the undesirable side effect of indueing strong long-

(15)

range correlations ,or: (2) try to accomodate flavorihg by in--

cluding flavored complex poles to.the fiavored'cylinder pole neafvl
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and the f. Since flavoriﬁg rénofmalization effects are on the order -
Aa = 0.2, the latter is equivalent to an unflavored cylinder pole near
the ; which along with the planar f around>1/2 would supposedly des-
cribe low energy data. We find neither of these possibilities‘ esthetic

or viable, and conclude that the Pomeron-f ldentity is more attiractive.

~12-
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_ FIGURE -CAPTIONS
Results for o = 1/2 (0_ + 0.=).

/2 PP PP)
The multiplicities for X', X, and P compared with the .data
from Ref. 6 normalized to 32 mb. The eirors on. the data
(not shown) are 10-15%.

Results for 20, - O

KN'. “mN°
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