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We formulate a unitarity equation for the cylinder term in the topoligical expansion which includes a systematic treat-
ment of the overlap configurations to phase space as well as the periphal configurations. If the overlap contribution has
Regge pole behavior, then the singlet cylinder plus planar exchange has two output poles which, for suitable values of the
parameters, can be identified with a distinct pomeron and shifted f-trajectories.

An outstanding controversy in the topological ex-
pansion/dual unitarization [1—3] framework is
whether to identify the leading exchanged cylinder sin-
gularity, the pomeron, as the promoted f-trajectory
[4] or whether to identify the pomeron as a unique
new singularity unrelated to the f-trajectory [5].
Veneziano has suggested that the usual cylinder con-
structions which generate pomeron—f identity may not
adequately account for overlapping configurations (i.e
clusters or resonances that are emitted from different
quark lines yet having almost the same longitudinal mo-
menta). While there have been, to date, a few attempts
[6] to build cylinders with overlapping configurations,
these efforts have not included systematically all pos-
sible configurations that build up the cylinder. Leaving
out configurations may seriously affect the subdomi-
nant cylinder singularity structure, thus keeping the
question of f-extinction in doubt. The current pheno-
menological situation does not conclusively verify or
contradict the importance of overlapping clusters; how-
ever, such configurations have been used to explain high-
energy charge exchange data [7].

In this letter we present a cylinder construction that
incorporates all known important configurations that
build up cylinder exchange, including both overlapping

! Present address: Jerusalem College of Technology, 21 Ha Vaad
Holeumi St., Jerusalem, Israel.

and non-overlapping configurations. It turns out that
it is possible to generate a unique pomeron together
with a distinct renormalized f-trajectory *.

First consider the usual cylinder construction (with-
out overlap). Fig. 1 shows how to build up Cp and Cg
which are those parts of the cylinder in which the left-
most leading particle or cluster is emitted from the back
and front of the cylinder, respectively. The quantity N
is the number of quarks in an SU(V) symmetric theory.
It can be readily shown that the formulation in fig. 1
requires the standard pomeron—f identity phenomenon
[°1.

One wonders, however, if all possible configurations
have been included in fig. 1. For example, is the over-
lap configuration of fig. 2a some smooth limit of figs.
2b c as is tacitly assumed in the cylinder of fig. 1?

Suppose overlap configurations like fig. 2a are in-

#1 Early loop calculations in the framework of the dual resonance
model [8] also produced a distinct cylinder pole while includ-
ing effects of overlap configurations. In recent calculations,
however, the planar bootstrap condition plays a central role
in determining the properties of the cylinder and its singular-
ities and such work is no longer directly tied to the dual
resonance model. The recent focus of interest has been on
the delicate interplay between planar and cylinder singular-
ities discussed in terms of unitarity and self-consistency
within the framework of the topological expansion.
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Fig. 1. Clyinder equations without overlap, RB (Rp)isa
Planar (ordered) amplitude on the back (front) of the exchang-
ed cylinder.

deed missing in the formulation of fig. 1. In addition

to such overlapping particles or resonances having a
limited mass, there may also be overlapping clusters of
high mass which cannot he broken down into smaller
resonances of both the overlapping and non-overlapping
variety.

Consider the case where there is no cut-off on the
average mass of the overlapping clusters. Call such an
irreducible *2, overlapping-clusters insertion § and de.
note by Cj) the sum of all cylinder graphs built with an
overlap configuration at the left-most edge of the ex-
changed cylinder. Fig. 3 then represents the new cylinder
equations that incorporate cluster overlap.

2 cannot be broken down into smaller clusters separated
by factorizable Regge exchanges.
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Fig. 2. (a) An overlap configuration. (b), () Non—over!apping
configurations.

To solve the equations of fig. 3, let us take Rg =R
=R (this numerical equivalence is to be expected when
Planar trajectories are degenerate). Thus Cp= Cr and
We can then lump together

C'=Cy+Cp +N1R, +N7IRy .
The amplitude €’ now satisfies the equation of fig. 4a

and C, satisfies the equation of fig. 4b. For simplicity,
take R, ji* to be dominated by a simple factorizable

B

Fig. 3. Cylinder equations including overlap.
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Fig. 4. (a), (b). Equation for cylinder + planar singlet.
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pole with trajectory function «(r) and residue
g;; (I tp f )gy (f, i ")

where i and jj' label particles or Reggeons coupling to
(7) on the left and right, respectively. Also take

6;;+ 7 to be dominated by a factorizable pole with
trajectory function w(¢) and residue

N ]hn’(r’ :’rz) it 1 8 )

(The N~ —1 factor is present because the overlap piece is
of cylindrical topology.)

We arrive at the following equations in the j-plane
corresponding to figs. 4a b:

© o
5; 2 Byt
R

T T—a(D)
Neft
T el J

2Ngd
s il f
j—alt)

don ‘& 'C ii'—rr'
a(r) —ar) —a@) +1

=ii'—rr'

doy; g5 Cg
a(t) —alt) —a(z;) +1

. (1)

hif'hyy
TN( - w(t)
Nhu ' f dy;r hl"‘;" 'E’;i' '—rr'
]—w(t) w(®) —at) —altj)+1
Ny d¢ lhwcﬂ 'srr'
gl f hi : ‘ @
=@ w(t)—alt;)—al;) +1

C'” —rr'

where d¢;;- integrates over the internal momentum
transfers and the wiggle denotes the j-plane transform.
Solving eqs. (1) and (2) one finds that the total sin-
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glet exchange contribution (planar plus cylinder) C'
=C"+ (g is given by

Clroarp =F(®) [ — at) - NG (1)

X (j — w(?) — NH()) - 2V%4(1)B(1)] ~,

where
F@O)= {2V [j — w(®) —NH(1) g5 82
+24 (g gl +N71[j — a(t) - NG(©)] hip h
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Note that C" has two singularities — the leading sin-
gularity may be identified as a distinct pomeron while
the subdominant singularity may be considered to be
the “shifted” f-trajectory. Thus it appears that pomeron
—f identity is avoided.

Now suppose one wants to generate a pomeron with
an intercept arount unity. With no overlap, the resultant
pomeron [10] has an intercept given by a(0) + NG (0).
This is slightly bigger than unity by virtue of the planar
bootstrap condition. Including overlap raises the pom-
eron intercept; so, to avoid too large an intercept, the
overlap couplings A% must be small. With 4,B, H <1
the resultant pomeron has mtercept just above one and
a residue of order N~ (g%)? while the other cylinder
singularity (possibly the “new” f-trajectory) is a pole
near w(z) with a weak residue of order (g*)2(h*)2.
Thus it appears that with overlap it is possible to main-
tain a distinct f-trajectory although its couplings will be
small. This contrasts with the no overlap case, 2 -0,
where pomeron—f identity previals, Some formulations
of the planar bootstrap [2,11,12] introduce parameters
‘that characterize' planar cluster production — for example,

6= [
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average cluster size. While a completely consistent planar
bootstrap that avoids generating Regge cuts and that de-
pends explicitly on these physical cluster parameters,
has not yet been achieved, such formulations as in refs.
[2,11,12] do allow a lower, no-overlap pomeron inter-
cept [12] than in those constructions where planar
clusters are treated only as mathematical entities that
avoid double-counting in unitarity. If one could per-
fect those formulations that include physical cluster
parameters, so that a no-overlap pomeron of intercept
less than unity is generated, then adding in the over-
lap cylindrical configurations could conveivably build
up a final pomeron of intercept around one, without
weak residues for the renormalized f-trajectory.

If, instead of allowing the overlapping clusters to
extend to large masses, we had introduced a cut-off for
the overlap mass, then, it turns out that pomeron—f
identity is preserved — the overlap serves merely to
raise the pomeron singularity.

References

[1] G. Veneziano, Nucl. Phys. B74 (1974) 365; Phys. Lett.
52B (1974) 220.

[2] H.M. Chan, J.E. Paton and T.S. Tsou, Nucl. Phys. B86
(1975) 479;

348

PHYSICS LETTERS

2 July 1979

H.M. Chan, ].E. Paton, T.S. Tsou and S.W. Ng, Nucl.
Phys. B92 (1975) 13.

[3] Reviewed by C.F. Chew and C. Rosenzweig, Phys. Rep.
(1978).

[4] G.F. Chew and C. Rosenzweig, Phys. Lett. 58B (1975) 93;
Phys. Rev. D12 (1975) 3907; Nucl. Phys. B104 (1976)
290;

C. Schmid and C. Sorensen, Nucl. Phys. B96 (1975) 209;
C.I. Ton, D. Tow and U.T.T. Van, Phys. Lett. 74B (1978)
115;

J. Dash, Marseille preprints (1977, 1978).

[S5] G. Veneziano, Nucl, Phys. B117 (1976) 519;

C. Quigg and E. Rabinovici, Phys; Rev. D13 (1976) 2525;
D. Duke, Phys. Lett. 71B (1978) 342;
M. Pennington, CERN preprint 1978.

[6] P. Aurenche and L. Gonzales Mestres, Ecole Polytech-
nique preprint A770.0777 (1977);

R. Hongtuan, Orsay preprint 72/38LPTHE (1977).

[7] A.H. Shehadeh and E.J. Squires, J. Phys. G. 3 (1977) L135.

[8] G. Frye and L. Susskind, Phys. Lett. 31B (1970) 537,
589;

C. Lovelace, Phys. Lett. 32B (1970) 703.

[9] For a recent treatment that carefully examines important
counting questions see J.R. Freeman and C.E. Jones,
Doubling of the cylinder contribution in the topological
expansion and pomeron—f identity, Univ. of Nebraska
preprint.

[10] J.R. Freeman, Nucl. Phys. B136 (1978) 201.

[11] G. Veneziano, Nucl. Phys. B117 (1976) 519.

[12] J.R. Freeman and Y. Zarmi, Lett. Nuovo Cimento 14
(1975) 553.

-



