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Abstract We study the gluonic content of the pomeron through relating the pomeron trajectory to the observed 1°J™ = 0" 2"
isoscalar tensor mesons. Four of these mesons satisfy the spin-mass relation of the pomeron. These pomeronian candidates may be
hybrid states. One of them, the f,(2220) meson, can have a predominant glueball component. We address the unsettled experi-

mental situation about the width of this meson and give a theoretical lower bound for it. We also show why this meson may not be

seen in pp experiments .
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1 Introduction

Before the advent of the quantum chromodynamics
(QCD) field theory, Regge theory was successfully used in
describing and predicting hadron-hadron elastic scattering
and diffractive dissociation'"”" . Although Regge theory is
not a field theory, it is based upon a set of postulates (or
axioms) about the S-matrix, which is believed to govern
the strong interaction physics. Consequently, the Regge
theory can not be completely disconnected from QCD. In
Regge theory, mesons and baryons are organized into fami-
lies of trajectory (the Regge trajectories or Reggeons ).
These trajectories play an important role in hadronic dy-
namics. The most tantalizing prediction of the theory is
that when the interaction energy becomes very large only
one trajectory contributes to hadron-hadron elastic scatter-
ing. This unique trajectory is called the pomeron trajectory
or pomeron, named in honor of physicist I. Y. Pomeran-
chuk™ . The members of the pomeron trajectory all have
the quantum numbers of a vacuum except their spins.

Although no particles that fit the pomeron properties
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were observed during the heydays of the Regge theory,
many new particles have been discovered thanks to a new
generation of accelerators. Some of these particles may be
the glueballs predicted only by the QCD theory. As a re-
sult of this progress, there is a surge of interests in under-
standing the success of the Regge theory through connect-
ing glueballs with the pomeron. Because glueballs are
bound states of the gluons, they can only be understood in
terms of nonperturbative QCD. An establishment of the
pomeron-glueball link could aid our understanding of non-
perturbative QCD.

In section 2, we recapitulale the main results of the
Regge theory on the pomeron. In section 3, we discuss
the gluonic content of the pomeron. We show in section 4
the connection between pomeron and tensor mesons with a
focus on the f, (2220)/¢ meson because of the reported
flavor-symmetry decay and the unsettled experimental sit-
uation. We give a lower bound for the width of &, with
which the seemingly opposing results given by different
experiments can be explained. The conclusions are given

in section 5.
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2 Regge theory and pomeron

Unlike QCD field theory, the Regge theory does not
involve gauge particles. Instead, it explores the conse-
quences of a set of fundamental postulates of the S-ma-
trix; in particular, the Lorentz invariance, the unitarity,
and the analyticity of the S-matrix. The Regge theory was
motivated by the experimental observation that at high en-
ergies the hadron-hadron (hh) elastic scattering and dif-
fractive dissociation are mainly diffractive. Because ex-
changing a particle in t-channel will give rise to a forward-
peaking, diffractive amplitude in the s-channel, the
Regge theory conjectures that the high-energy hadronic
dynamics is driven by t-channel exchanges.

There is, however, an important difference between
the Regge theory and the meson-exchange model used in
medium-energy physics. It can be shown that the ex-
change of a particle of spin J in the t-channel will neces-
sarily lead to a total cross section 6™ (5) ~s’~', which
diverges with s for J > 1. Hence, simple particle-ex-
change models will lead to divergent energy-dependent
cross sections, which have to be cured by introducing ad-
hoc energy-cutoff form factors. Regge theory overcame this
difficulty by not using particle exchanges but by using tra-
jectory exchanges with each trajectory carrying a running
spin @ (), which is a complex-valued function of the ex-
changed 4-momentum t. The connection of a Regge tra-
jectory, a(¢), to a physical particle having mass m and
spin J is that J = Rela(t = m*)]. In other words, a
Regge trajectory or a Reggeon is a family of reggeized par-
ticles constrained on a spin trajectory a ().

As a result of trajectory exchange, the Regge theory

. tot al0) -1
gwes g =38

. Because all the trajectories associated
with the then known panicles[z] have a(0) < 1, the cross
section no longer diverges. In fact, this last inequality
implies that the contribution of a given trajectory will die
off at very high energies. However, experimental total
cross sections do not vanish asymptotica]_lym. Instead ,
they rise slowly as s increases. The high-energy total
cross sections of the pp, pp, =" p,n~ p reactions are
found to follow the energy depenclencem

O = As"™ 4 BsP (mb), (1)

where A and B are constants. The appearance of a uni-

versal exponent 0.0808 indicates unequivocally that if one
attributes this mild rise of cross sections to the exchange
of a single Regge trajectory, then this trajectory has a (0)
~1.08.

The s-dependence of the cross sections is shown in
Fig.1 where at high energies o (pp) = o(pp) and o(x" p)
=g(n" p). The equality o(hp) = o (hp) at very high
energies was foreseen by Pomeranchuk*’ . In order to ac-
count for il, this Regge trajectory must carry the quantum
numbers of vacuum, except its spins. In other words, it
has B=Q=S=I=0and P= G = C= + but with
spin J given by a (). This unique trajectory was named
the pomeron trajectory (or pomeron) .
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Fig.1.
sections for various reactions.

Although the Regge trajectory a (1) can be a nonlin-
ear function of ¢, il can be well approximated by a linear
function at low ts. For the purpose of studying pomeron,
it suffices to use the form

a(t) = 1.08 + o't. (2)
In contrary to a (0), the value of the slope o’ is less
unanimous. The most extensively quoted value of o’ =
0.25+ 0.02 was first given in Ref.[6], resulted from
fitting the slope of the pp elastic differential cross sections
at small momentum transfers. There are two other methods
that have been used for determining the a'. One method
used an effective trajectory approach ( § 6.8e of Ref.
[2]) which gave'” an a’ =0.20 + 0.01. The other™
used the relation"”’

o (s)a4(s) =16n(b +2a’In(s)),

with b being the slope of the experimental elastic diffrac-
tion peak. The pp total and elastic cross sections then
gave[si an a' =0.20 £ 0.02. Hence, the last two meth-
ods gave the same result.

One should note, however, that the analysis of Ref.
[6] that led to a’ = 0.25 is model-dependent. More pre-
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cisely, the theoretical formula employed for fitting the da-
ta was based on a phenomenological quark model and on
valence quark counting rule. Consequently, it is not pos-
sible to know the systematic uncertainty of the a’, arising
from using such a theoretical model. In contrast, the
methods of Refs.[2] and [8] are model independent. In
particular, in spite of the use of very different data sets,
For this
reason, the value of a’ =0.20 should be chosen.

these two different methods gave the same a'.

In Fig.2 we plot the pomeron trajectory zone defined
by different values of a’. We also plot, in ascending
mass order, the isoscalar tensor resonances f; (1525),
f,(1565), £,(1640), £,(1810), f,(1950), f, (2010),
f,(2150), ,(2220), ,(2300), f,(2340), As ws can
see, the f,(2010), f,(2150), f,(2220) are inside the
zone bordered by the solid lines. The f,(1950) is margin-
al because it is inside the zone only when the higher value
of 0.25 (the chain-dotted line) is used.
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Fig.2. Zone of pomeron trajectory. The threshold

of pp is at 1 =3.52 (GeV)’.

To this end, we caution that in the literature two
kinds of pomerons, hard and soft, have been discussed.
The hard pomeron is associated with large momentum
transfer. Recent experimental data on large rapidity gap
events at HERA-'" gave some evidence for the existence
of large Q°, hard pomeron. It is not the original or the
soft pomeron conjectured in Regge theory, the latter is as-
sociated with small Q°. The four tensor resonances men-
tioned in the previous paragraph are, therefore, the can-
didates for the soft pomeron. In terms of QCD, the hard
pomeron is in the perturbative (pQCD) regime while the
soft pomeron must be studied with nonperturbative meth-
od. The evolution from the hard to soft pomeron or vice

versa is still an unresolved problem. There are many stud-
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ies of diffractive processes using hard or semi-hard pomer-
on models”*"'" .

will concentrate on the soft Pomeron.

We shall not discuss these models and

3 Gluonic content of the pomeron

In QCD, the simplest model for vacuum exchange
with properties similar to that of the pomeron is two inter-
acting gluons. This was emphasized by Nachtmann'? ,
who stated that the two-gluon system has all the properties
that a pomeron should possess. The idea of modeling the
pomeron with two gluons was originated by Low'" . The
model was further developed by Nussinov ' who consid-
ered more than two gluons. Subsequent and more sophisti-
cated considerations led to the development of BKFL'':
and DGLAP ' equations. All these models use pQCD
and all gave an @ (0)>1. These studies indicate, there-
fore, that models involving gluons but not bound gluons
cannot describe the soft Pomeron. Consequently, if gluons
are the constitutents of the soft pomeron, they must be in
a bound state.

The existence of bound states of gluons (the glue-
balls) is a consequence of self-coupling of gluons in
QCD. Lattice calculations and other theoretical mode-
15" have predicted that the lightest glueballs have J™
=0"" (scalar gluehall) and 2** (tensor glueball) .

Although scalar glueballs have been studied exte-
nsivelym‘m] , they cannot be the soft pomeron because
spin = 0 is ruled out by Eq. (2). Moreover, levin
noted'™! that the process due to exchanging scalar particle
is not diffractive and becomes less important as energy in-
creases. From the discussion given after Eq. (2), the
lightest soft pomeron must have spin = 2. Fig.2 indicates
that four J = 2 isoscalar tensor resonances in the 2 GeV
mass region are compatible with the pomeron trajectory.
Can one of them be a tensor glueball?

117,18.22] that the

Calculated glueball spectra predict
lightest 2°" tensor glueball has a mass about 2.2 +
0.3GeV. Because in lattice calculations the quark masses
are taken to be infinite and the qq loops are neglected,
the mixing of qq and glueball states can not occur in those
calculations. However, the existence of a 2" tensor

glueball in the 2 GeV mass region is also predicted by

other theoretical models'®*'. In addition, a mass-
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equation analysis of all the observed isoscalar tensor states
has indicated * that while f} (1525) and f, (1640) are
definitely quarkoniums, the tensor states of larger masses
can be qq-gluons hybrids. The mass equation also has a
solution corresponding to f, (2220) being almost a tensor
glueball .

In summary, the soft pomeron can not be unbound
gluons or scalar glueballs. The pomeronian candidates have
FF(J®)=0"(2"") and a mass in the 2 GeV region.
Some analysis suggests that they are hybrid states and one
of them, the {,(2220), may be a tensor glueball.

4 £,(2220)/€ meson

In 1986 the MARK Il collaboration™" at SLAC ob-
served a narrow resonance, named §, in the decay of J/¢
to K,K, and K" K™ channels. It was reported that M, =
2230+ 15MeV and T", = 18*% £ 10 and 267% + TMeV
respectively, and that J™ = (even)'" . At the same
time, Alde et al. also observed”’ a broad enhancement
(I'<150MeV) at M =2220MeV in the reaction =~ p—~
nX, X->m'. The & was also seen’® in K"Kf and in the
WA91 collaboration™ at CERN. However, it was not
seen in T decays and in inclusive B decays. In 1996,
BES collaboration " reported the observation of £(2230)
in the radiative decay of the J/§ 1o pp, K* K™, K'K?,
n' n” channels. The data also suggest a spin J =2 or 4.
However, the £(2230) was not seen in experiments[m pp
—~K'K, KK, $, o' = .

seemingly contradictory experimental results does not nec-

In our opinion, these

essarily rule out the existence of §. We will come back to
this point toward the end of this section. In the following
discussion we will use interchangeably the notations
£,(2220) and §.

Because the BES collaboration observed & in the Wy

—7Y&, §>pp reaction and because the pp channel is re-
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lated to the pp channel by crossing symmetry, it is of val-
ue to investigate contributions by £ to high-energy pp scat-
tering in the framework of Regge theory. In particular,
because pp elastic scattering is a diffractive pmcess[ 2 in
which no quantum numbers are exchanged between the
colliding particles, it is an ideal place for investigating
the pomeron. If the Regge-exchange of a tensor meson
can describe the observed pp elastic scattering as does the
pomeron, then it would be a strong indication that meson
is a pomeron.

We have carried out such analysis in Ref.[33]. The
original analysis was done for the £, we now extend it to
all f, mesons of interest. Although the Regge analysis
alone is not sufficient to uniquely determine which tensor
state is the pomeron, as we shall see, it gives a definite

prediction on the partial decay width I i, -pr Which can be

used to analyze experiments to pin down the pomeron.
Once the identification of the tensor meson to the pomeron
is achieved, the gluonic content of that meson will be the
gluonic content of the pomeron.

The results obtaind from applying the theory to fitting
simultaneously the pp total cross section and to the dif-
fraction peak of the pp elastic differential cross sections
are summarized in Table 1. The form factor ranges (A,
A,) and the coupling constants (g,, g.) are the results
of the fit. On the other hand, the partial decay widths

I’ .,, are theoretical predictions based on the fit ( see

Appendix ) .

As mentioned at the beginning of this section, there
are currently opposing experimental results about the ex-
istence of the f,(2220)/& meson. In particular, this reso-
nance was not seen in p p experiments, which seems to
contradict the results reported in Ref.[30]. We believe
that the partial decay width given by our analysis can shed
lights on how to understand the unsettled experimental sit-

uation .

Table 1. Predicted partial decay widths to the pp channel from the pp scattering at Vs = 53 and 62GeV.

Mesons VsiGeV A,/GeV A,/GeV & PR —
f,(2220)/8 53 0.65—0.67 3.79—3.82 1.70—1.72 0.00—0.02  1.94—1.99
62 0.66—0.68 3.74—3.79 1.67—1.70 0.00—0.01 1.88—1.94

f,(2150) 53 0.66 3.88—3.99 1.53—1.56 0.00—0.04 1.49—1.53
62 0.67 3.89—3.96 1.49—1.55 0.00—0.05 1.41—1.53

f,(2010) 53 0.66—0.67 3.42—4.35 1.04—1.18 0.00 0.54—0.70
62 0.67 3.94—4.18 1.12—1.15 0.00 0.62—0.65
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(a) We see from Table 1 that the partial decay
widths of all the f, mesons are extremely narrow. Further-
more, g,< g, indicating the f-wave ( L =3) component
of the vertex is negligeable. Both are the consequence of
the fact that the masses of these mesons are very close to
the pp threshold. The narrowness of the partial width in-
dicates that the pp decay channel must be a small pan of
the total decay of these f, mesons.

(b) The BES collaboration reported similar branch-
ing ration ( BR) for &=>pp, K’ K™, K!K{, " n~ decay
modes. In subsequent publications[y'm the BES collabo-
ration reported the observation of £ n’n’, M, 7',
7'y’ . It is indicated that the BR for n°x” is similar to that
for n* ®~ . However, in Ref.[34] the width I'{" was not
given by the analysis but was prefixed at 20MeV. As to
the BR for ym, 7. 1'7’, a much higher upper bound
was givenf”: . Assuming equal BRs for all these 8 decay
modes and taking from Table 1 the average value of I'.. ;
=1.94MeV, we obtain a I'{' ~ 16MeV . Taking into ac-
count the experimental uncertainties of the widths given in
Ref.[30], this 16MeV width represents already the ob-
served value, implying there are no other decay modes left
unobserved. This is a very unlikely possibility.

It was also reported in Ref.[30] that the BR of &
decaying into ' 7 is equal to or less than 2 % . Assum-
ing again equal BR, then the 2 % -fraction and I, =
1.94MeV imply that I'y' = 1.94/0.02 = 97MeV which is
very large compared with the ~ 20MeV given in Ref.
[30]. In order to obtain 20MeV, the 2 % -fraction would

require the predicted I" be reduced by a factor of 5,

& pp
i.e., reducing the coupling constant g, by a factor of
V5. We could not find such a solution in our analysis.
Referring to Fig.1, one can see that at s = 2800 to 3600
(GeV)?, the pomeron exchange is already a good descrip-
tion of the data. This led us to believe that the uncertainty
of the prediction, as could arise from assuming the pomer-
on exchange alone, cannot be as big as a factor of five.
Consequently, we believe that the currently reported ;"
(=221 8MeV)™ is most likely an underestimate .

(c¢) A broad width is also consistent with the non-
observation of a resonance structure in the 2.23GeV re-
gion in pp experiments”'’ . We recall that there are many
broad resonances in the neighborhood of 2.23GeV. Con-
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sequently, to p p reaction cross section is given by

(5).. -

v Ca':jcjiuf(t) : (3)
s - M+ M

where s and ¢ are the total energy and the momentum

transfer, f(t) the t-dependence of the differential cross
section. The indices a and a’ denote, respectively, the
initial (pp) and the final (hh) channels, with ¢, o
1",»'3,, and ¢, '}, being the coupling of the initial and
final states to the resonance j. Clearly, a resonance struc-
ture will not show up in the energy dependence of the
cross section if ¢, =0, i.e., if the resonance j does not
exist. However, we advocate that even if the resonance
does exist the structure may still not be seen in the data.

We have examined the general feature of the energy
dependence of the p p—~hh reaction by firstly considering
the case where only one single resonance, the f,(2220)/¢,
contributes . Our calculations have shown that the shape of
this energy dependence is very senstive to the value of the
I'Y. A resonance peak can be clearly seen in the mass
region 2200 to 2500MeV when I'," is narrower than
S0MeV. However, the peak is no longer significant when
'Y is 75MeV, and disappears when [I';' reaches ~
100MeV . This last value is in line with the 97MeV men-
tioned in (b). We have also noted that including other
resonances in the calculation led to a futher reduction of
the peak-to-background ratic but left the above main fea-
ture unaltered.

The p p experiment of Ref.[31] only scanned the
mass region 2222.7 to 2239.7MeV. Consequently, that
experiment can only confirm the existence of a narrow
f,(2220)/& resonance. In other words, a non-observation
of the resonance structure is not a sufficient ground for re-
jecting the existence of §, as it may just indicate that &
has a broad width. Our analysis puts, therefore, a lower
bound of about 100MeV for I'y" .

(d) It is generally accepted that the total decay
width of a tensor glueball is narrow. However, current
theoretical methods are still incapable of giving a quanti-
tative statement about this narrowness. It is unclear

whether 100MeV is too broad for a glueball.

5 Conclusions

The lightest particle that can be the soft pomeron
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must have a spin of 2 and a mass in the 2.2GeV region.
Three isoscalar tensor mesons, f,(2010), f,(2150), and
f,(2220)/8, fit this requirement. Regge analysis can pre-
dict the f,—~pp partial decay width which, when used in
combination with the experimental branching ratios, can
deterimine the total decay width of the meson . Compari-
son between the theroretical and experimental total widths
will pin down the pomeron.

There is a great deal of interest in the f, (2220)/¢
meson because the reported'*” flavor-symmetry decay and
narrow width of this meson fit what one expects from a
glueball decay. However, the experimental situation is far
from being settled. In particular, the & was not seen in
pp—=rn’, 1M experiments. Our interest in the £ is related
to the search for pomeron, as this meson, with spin 2, is
situated on the pomeron trajectory (cf. Fig.1). Our anal-
ysis has shown that the £ must have a width much broader
than the reported 22MeV. A broader width does not nec-
essarily rule out the & as a glueball, but it does explain
why the meson cannot be seen in the pp experiments.

We have noted there are other tensor states that sati-
sfy the pomeron trajectory, among others, the f, (2150)

and ,(2010) mesons. However, good experimental infor-
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Appendix

Pomeron Analysis With a Singularity-free Form Factor

We recapitulate the key results of Ref. [33]. The standard
definition of the Mandelstam variables, helicities, and residue func-
tions are employed. The t-channel Regge amplitude in the helicity
basis'™" is

[
AK]A |A A—(‘ l)

C 4 (2a 4 Dy () (= D) %[1 + (= D*]

C g ;
! sine(a + A7)

d;A‘(zl)'

(Al)
“1“5(5) is the

where C, = 1/2, s=t,t = s. The ﬁ»v(l)sﬁ«i,\4

Regge residuc. The A is the helicity of the particle i, and a =
a(t) is the trajectory spin. In Eq. (Al), we have introduced for
clarity the variables s and ¢ which denote, respectively, the total
c.m. energy and the momentum transfer in the t-channel.
On the other hand, the Feynman amplitude due to exchanging
a meson of spin J, is
gy i (108) =

47[(2.]a + ])

2
- 4M, 3

L (D 1A a0 d5 (2,),  (A2)
with
(,AH A (t)CH,‘ZA_(t)

—2‘ lﬂ'77
‘—M5 +1M,21‘[2

~ A3, and A" =A; - A, . The H(t)

s, |20 a4 = (A3)

In Eq. (A3), J, =2, A=],
denotes the form factor of the ppf, vertex in the helicity basis with G

being the coupling constant, and M‘z R l“',:' , respectively, the mass

and the full (total) decay width of the f, meson.

The reggeization of f,-exchange was realized through projecting
the discrete spin value J, onto the continuous spin value a of the
Regge trajectory and the result is'™’

Bu (1) = aRdM CeHy, ) (D GH, 0 (1), (A4)
where o} =Rela’]. Eq. (A4) gives a Feynman description of the
residue factorization used extensively in the Regge theory, which al-
s0 answers why we started with the t-channel amplitude. We may al-

so notice that the factorization of the Regge residue 8 is achieved at
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the same time of the reggeization
The GH is directly related to the partial decay width I" ; ~pp th

mugh[ o]

,]] F.: gy =ilm]| H-_. (t)] =

JM N 2 2
C, 'T _rilg \‘!GHA Apalz(qr)
5

where qfsz,/4-M§=M§,/4-M,’, and A = A, - 2;. The ¢, is

the on-shell pp relative momentum in the ¢. m. of the meson. Eq.
(AS) shows that the vertex GH can be obtained from calculating the

self-energy IT 6 () of the tensor state. Conversely, one can deter-

mine GH from pp scattering and to use it to predict FE*"‘?' .

The s-channel amplitude is obtained through crossing-symmetry

which reads

() = U Aln A6
A(pp"'pp)&,l“:t\llz = "3‘4“1‘2 AGALALAY (pp»pp)lin‘;xlls - (‘ )

Since there are five independent helicity amplitudes, U is a 5x 5
", The cross sections are given by

S [ Ak ] =

l 2
4\3;\4;)11\2

L imlaa? + 8401 |
2s

. . i3
unitary matrix

-1
am‘2

and
daw _ ] Y ‘Afu 2
de 6s Aadgit Ay
ﬁfuu:“lmww alar ). ()

In the above equations, A;" (i=1,2,3) are three of the five inde-

pendent helicity amplitudes corresponding respectively to (A5 A, ;
AjAds)=(++, +4+), (+=3 +-=), (++ ; +-). The second
equality in Eqs. (A7) and (A8) is due to crossing symmetry prop-
erties of the amplitudes .

It is advantageous to model the form factor H in the LS-basis
because in this latter basis the form factor has a well-known | g
threshold behavior that can be explicitly incorporated into the mod-
el. The helicity basis is related to the LS-basis by a unitary transfor-

. Hence,

L9 | GiH, s (8)|* = )| gusF

- [38]
mation

) | (A9)
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where F,; and g, denote, respectively, the form factor and the
coupling constant in the LS basis. For the pp system with J™ =
2"*, the parity conservation leads to L =1, 3 and S=1 only. If

the form factor is defined in such a way that F,5(t,) = 1, then

oM el ,
[‘f‘pﬁ = C — 3 (8rorsar #+ grv=;.s=|)~ (A10)
M‘z 16x

Because there is only one value of S, the label S will be dropped
but understood in what follows.

It is important to use a form factor which is analytic in both the
direct and crossed channels. Liu and Ma proposed the following sin-

gularity-free form factor’™ ;

v M e'v“f 2
(1“:.(!))2=(—Pz) (—,UZ)
/4 - M, R(- x,) +e""

1+ e-:ruf 2
—re
( R(x,) + e "% )

where the first factor on the r.h.s. is equal to (g°*/¢*"). Here,

(A1)

q and ¢, are, respectively, the off- and on-shell pp relative mo-
mentum in the c. m. of the f, meson. The F, has, therefore, the
correct threshold ¢"-dependence. In Eq.(All), the A,, A, are the
ranges of the form factor, x, = (¢ - 2Mf, VA%, and x, = (¢t -
2M2)/A% . The function R is defined by

ax
e

R(x) = 3 (1 + tanh(ax)) = g, (AI2)
e” +

“ax ?

which is analytic and varies rapidly from 0 1o 1 when x changes from
x <0 to x >0, with a controling the transition speed at x = 0.
With @ > 10, R will be very close to a step function but does not
have the discontinuity of the latter. In fact, R and F, are infinitely
differentiable .

The above analytic property is absent in the commonly used
hadronic form factors in the literature, which are either of an expo-
nential form or of a multipole form. We emphasize that these conv-
entional form factors are unsuitable to analyses involving channel-
crossing. For example, the exponential form factor exp(t/A”) is

analytic in the s-channel where ¢ <0 but diverges in the t-channel

Bk

where ¢ > 0. The multipole form factor [AY(A* -1 (n=1,2,
++=) has no pole on the real axis of ¢ in the s-channel (where ¢ <0)
but will have it in the t-channel (where ¢ > 0). Conversely, if we
use exp( — t/A%) or [A*/(A* + )]", then the situation will be
reversed .

The form factor of Eq. (A11) does not have these singularities.
In the physical domain of the t-channel (i.e., 1 >4M2),

21 { >4 ® L
(F() o« —— T ——— L (A13)
(elh\' )2 (1 + (‘-'“" )2 92”)‘

which goes to zero, exhibiting the correct energy behavior in the
t-channel. We can see that in the t-channel the A, controls the form
factor. In the s-channel, t<0. Hence, R( - x,) =1 and R(x,)

=~0. It follows that

2L = @ i
e

(F(1)) « 2 :
(l + Pl/)‘ )2(2—#}’ )2

;27: .
(A14)
Hence, A, controls the form factor in the s-channel. This singulari-
ty-free form factor satisfies the analyticity requirement of the Regge
theory and can be used for making analytical continuation between
direct and crossed channels. Two remarks are in order.
(a) Eq.(A3) is given for the sole purpose of making the con-
nection between the t-channel Regge and Feynman amplitudes. It is

not needed in fitting the pp scattering data. Hence, the width I" }‘2" is

not an input 1o the Regge analysis in Ref.[33]. As 10 the mass

M,z , it enters the analysis through the quantity ¢, ( = M?Z ) in the

form factor, which amounts to a redefinition of the normalization fac-
tor and is, therefore, also not an input of dynamics.

(b) The important physics inputs are the spin of the meson,
J., which determines the values of L in the form facter F, (),
and the property of the pomeron trajectory .

Eqs. (A1), (A4), (A7), (A8), and (All) were used to
fit the pp total and elastic differential cross sections simultaneously .

The results are given in Table I.
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