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Experimental evidence for a vector-like behaviour
of Pomeron exchange
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Abstract

Evidence is presented that the Pomeron acts as a non-conserved vector current. A study has been made of the azimuthal
Ž 0.angle f, which is defined as the angle between the p vectors of the two outgoing protons, in the reaction pp™pp X forT

Ž 0.those resonances X which are compatible with being produced by double Pomeron exchange. These distributions have
been compared with a model which describes the Pomeron as a non-conserved vector current and a qualitative agreement is
found. In addition, when one of the particles exchanged is known to have spin 0, namely p–Pomeron exchange, the f

distribution is flat. q 1999 Elsevier Science B.V. All rights reserved.
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Experiment WA102 is designed to study exclu-
sive final states formed in the reaction

pp™p X 0 p 1Ž . Ž .f s

at 450 GeVrc. The subscripts f and s indicate the
fastest and slowest particles in the laboratory respec-
tively and X 0 represents the central system that is
presumed to be produced by double exchange pro-
cesses: in particular Double Pomeron Exchange
Ž .DPE . The experiment has been performed using the
CERN Omega Spectrometer, the layout of which is

w xdescribed in Ref. 1 . In previous analyses it has been
observed that when the centrally produced system
has been analysed as a function of the parameter
dP , which is the difference in the transverse mo-T

w xmentum vectors of the two exchange particles 1,2 ,
XŽ Ž . .all the undisputed qq states i.e. h, h , f 1285 etc.1

are suppressed as dP goes to zero, whereas theT
Ž . Ž . Ž .glueball candidates f 1500 , f 1710 and f 19500 0 2

w xare prominent 3 .
In addition, an interesting effect has been ob-

served in the azimuthal angle f which is defined as
the angle between the p vectors of the two outgo-T

ing protons. Historically it has been assumed that the
Pomeron, with ‘‘vacuum quantum numbers’’, trans-
forms as a scalar and hence that the f distribution
would be flat for resonances produced by DPE. The

w xf dependences observed 4–8 are clearly not flat
and considerable variation is observed among the
resonances produced.

Several theoretical papers have been published on
w xthese effects 9,10 . All agree that the exchanged

particle must have J)0 and that Js1 is the sim-
plest explanation for the observed f distributions.

w xClose and Schuler 10 have calculated the f depen-
dences for the production of resonances with differ-
ent J P C for the case where the exchanged particle is
a Pomeron that transforms like a non-conserved vec-
tor current. In fact this is the only model in which
detailed calculations are made for resonances with
spins other than J P C s0yq. In order to try to get
some insight into the nature of the particles ex-
changed in central pp interactions we will compare
the predictions of this model with the data for reso-
nances with different J P C observed in the WA102
experiment.

The simplest situation is for the production of
J P C s0yq states where the model of Close and

w xSchuler 10 predicts

d3s
2A t t sin f 2Ž .1 2df dt dt1 2

where t and t are the four momentum transfer at1 2

the beam-fast and target-slow vertices respectively.
Ž . Ž .Fig. 1 a and b show the experimental f distribu-

tions for the h and h
X. They have been fitted to the

form a sin2f which describes the data well. It has
also been found experimentally that dsrdt is pro-

w x Ž .portional to t 5 where t is t or t as predicted1 2
Ž .from Eq. 2 .

The fact that both the h and h
X signals are

suppressed at small four-momentum transfers, where
Ž .Double Pomeron Exchange DPE is believed to be

dominant, was assumed to imply that the 0yq states

Fig. 1. The azimuthal angle f between the fast and slow protons
Ž . Ž . X Ž . Ž . Ž . Ž .for a the h, b the h , c the f 1285 and d the f 1420 . The1 1

Ž . Ž . < < 2f distribution for the f 1285 for e t y t F 0.2 GeV and1 1 2
Ž . < < 2f t y t G 0.4 GeV . The fits to the distributions are de-1 2

scribed in the text.
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w x Ž .do not couple to DPE 11 . However, from Eq. 2 it
can be seen that if DPE is mediated via Pomerons
transforming as vector particles then the production
of 0yq resonances will be suppressed at small t. Eq.
Ž .2 is general to all vector vector exchange pro-
cesses, so to investigate if the h and h

X are produced
by DPE we have attempted to determine their cross
sections as a function of energy. To do so we have
calculated the ratio of the cross sections measured by

'Žthe WA76 experiment, at 85 GeVrc s s12.7
.GeV , to those measured by the WA102 experiment

'Ž .at 450 GeVrc s s29.1 GeV .
Up to now the determination of this ratio has been

limited to resonances that decay to final states con-
taining only charged particles due to the fact that
there was no calorimeter in the 85 GeVrc run of the
WA76 experiment. However, the WA76 experiment
was able to reconstruct the hpqpy mass spectrum

q yŽ 0. w xusing the decay h ™ p p p 12 . In thismissing
X Ž .mass spectrum the h and f 1285 are seen. The1
Ž .cross section of the f 1285 at 85 GeVrc has been1

well measured through its all charged particle decay
mode and hence can be used to determine the cross
section of the h

X after taking into account the differ-
ent acceptance and combinatorial effects and gives

s h
XŽ .450

s0.72"0.16 3Ž .X
s hŽ .85

For Pomeron-Pomeron exchange we would expect a
value of f1.0, while for r–r exchange the value
would be f0.2. Due to charge conjugation the h

X

can not be produced by v–Pomeron exchange and
Isospin forbids r–Pomeron exchange. Therefore, it
would appear that DPE is dominant in h

X production.
For the h, although the pqpyp 0 channel canmissing

be selected, due to the uncertainties in the selection
procedure and the fact that there is no suitable

Žreference signal i.e. a resonance that decays to
q y 0 .p p p and an all charged particle decay mode

the cross section for the h can not be determined
with any degree of accuracy from the 85 GeVrc
data.

The cross section as a function of energy for the
P C qq Ž . Ž .J s1 f 1285 and f 1420 has been found to1 1

w x Ž . Ž .be constant 6 . Hence both the f 1285 and f 14201 1
w xare consistent with being produced by DPE 6 . For

the J P C s1qq states the model of Close and Schuler
predicts that J s"1 should dominate, which hasZ

w xbeen found experimentally to be correct 6 , and in
addition that

3d s 2
2A t y t q4 t t sin fr2 4Ž .( ( (ž /2 1 1 2df dt dt1 2

Ž . Ž .Fig. 1 c and d shows the the f distributions for
Ž . Ž .the f 1285 and f 1420 . The distributions have1 1

been fitted to the form aqb sin2fr2, which de-
Ž .scribes the data well. Eq. 4 also predicts that when

< <t y t is small dsrdf should be proportional to2 1
2 < <sin fr2 while when t y t is large dsrdf should2 1

Ž . Ž .be constant. Fig. 1 e and f show the f distribu-
Ž . < < 2tions for the f 1285 for t y t F 0.2 GeV and1 1 2

< < 2t y t G 0.4 GeV respectively; as can be seen1 2

from the figures the expected trend is observed in the
data. More details, including a quantitative compari-
son with the model, will be given in a forthcoming
paper.

Ž . Ž . Ž .The f 980 , f 1500 and f 1270 are other0 0 2

states for which the cross section as a function of
w xenergy has been found to be constant 7 and hence

are consistent with being produced by DPE. For the
scalar states and for the tensor states with J s0Z

Close and Schuler have predicted that

ds 2A Rycosf 5Ž . Ž .
df

w xwhere R is predicted from Ref. 10 to be a function
of t t and can be negative or positive. In order to1 2

compare the data with the model we have studied the
Ž . Ž .f dependences for the f 980 , f 1500 and0 0

Ž . q yf 1270 by studying their decays to p p .2
w x Ž .In Ref. 7 a Partial Wave Analysis PWA was

performed in six bins of f in order to determine the
f dependences of the above resonances. It has not
been possible to perform a PWA as a function of f

and t t simultaneously. Therefore in order to deter-1 2

mine the f dependences in intervals of t t we have1 2

performed a fit to the total mass spectrum in each
w xinterval using the method described in Ref. 13 . A

PWA has been performed in each t t interval dis-1 2

cussed below, integrated over f, to determine the
Ž .amount of f 1270 produced with J s0 compared2 Z

to J s"1. The amount of J s"1 is found to beZ Z
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f10% of the J s0 contribution irrespective of theZ

t t interval. The J s"2 contribution is consistent1 2 Z

with zero.
Ž . Ž . Ž .Fig. 2 a , d and g show the f distributions, for

Ž . Ž . Ž .the f 980 , f 1500 and f 1270 respectively, for0 0 2

all the data. These distributions are similar to those
w xfound from a fit to the PWA amplitudes 7 . The f

distributions have been fitted to the form given in
Ž .Eq. 5 . The values of R determined from the fit are

given in Table 1. Since R is predicted to be a
function of t t the f distributions have been anal-1 2

ysed in two different intervals of t t , the corre-1 2
Ž .sponding values of R are given in Table 1. Fig. 2 b ,

Ž . Ž . Ž .e and h show the f distributions, for the f 980 ,0
Ž . Ž . < <f 1500 and f 1270 respectively for t t F 0.010 2 1 2

4 Ž . Ž . Ž .GeV . Fig. 2 c , f and i show the corresponding
< < 4f distributions for t t G 0.08 GeV .1 2

For the resonances studied to date, in the WA102
w xexperiment, the model of Close and Schuler 10 is in

qualitative agreement with the data. Hence the data
are consistent with the hypothesis that the Pomeron
transforms as a non-conserÕed Õector current.

Fig. 2. The azimuthal angle f between the fast and slow protons.
The first column is for all the events, the second for events with
< < 4 < <t t F 0.01 GeV and the last for those with t t G 0.081 2 1 2

4 Ž . ŽŽ . Ž . Ž .. Ž . ŽŽ . Ž .GeV for the f 970 a , b and c , the f 1500 d , e and0 0
Ž .. Ž . ŽŽ . Ž . Ž ..f and for the f 1270 g , h and i respectively. The fits to2

the distributions are described in the text.

Table 1
Determination of R from fits to the f distributions

4 4< < < <All data t t F0.01 GeV t t G0.08 GeV1 2 1 2

Ž .f 980 y1.9"0.1 y2.3"0.3 0.01"0.030
Ž .f 1500 y1.6"0.2 y1.7"0.2 0.16"0.060
Ž .f 1270 2.5"0.1 2.1"0.2 3.8"0.42

In order to understand what happens if a different
particle is exchanged a study has been made of the
reactions

pp™Dqq py p 6Ž . Ž .f s

and

pp™Dqq ry p 7Ž . Ž .f s

In this case a particle with Is1 has to be exchanged
from the p–Dqq vertex and hence we are no longer
studying reactions which are DPE. In the case of
central py production the most likely production
mechanism is p–Pomeron exchange. For the ry

production the most likely production mechanisms
are r–Pomeron and p–p exchange.

Ž .To select reaction 6 a study has been made of
the reaction

pp™p pqpy p 8Ž . Ž .f s

Ž .at 450 GeVrc. The isolation of reaction 8 has been
w x Ž . qdescribed in Ref. 14 . Fig. 3 a shows the p pf

effective mass spectrum where a clear peak corre-
qqŽ .sponding to the D 1232 can be observed. In

Ž .order to separate reaction 6 from the reaction

pp™N ) p 9Ž .f s

where N ) ™Dqqpy, the rapidity gap between thef f

py and the p pq system has been required to bef

greater than 2.0 units. The resulting p pq effectivef
Ž . Ž .mass spectrum is shown in Fig. 3 b . Reaction 6
Ž q.has been selected by requiring M p p F 1.4f

GeV. The remaining p pqpy and pqpy massf

spectra have no resonance contributions.
Ž < <.The four momentum transfer t at the beam-f a st

qq Ž .D vertex is shown in Fig. 3 c and has been fitted
to the form

< <ds a t 2y2 b Ž < t <qm .ps e 10Ž .22dt < <t qmŽ .p
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qq Ž y .Fig. 3. The selection of the reaction pp™ D p p . Thef s
q Ž . Ž .p p effective mass spectrum for a all the data and b forf

events with a rapidity gap greater than 2.0 units between the py

q Ž .and p p system. c The four momentum transfer distribution atf

the beam-Dqq vertex with a fit to p exchange described in the
Ž .text. d The four momentum transfer distribution at the target-slow

Ž .vertex with a fit described in the text. e The azimuthal angle f

between the p vectors of the slow proton and the Dqq.T

which is the standard expression used to describe p

w xexchange 15 . The first bin in the distributions has
been excluded from the fit due to the fact that the
uncertainties in the acceptance correction are greatest
in this bin. The fit describes the data well, and yields
bs2.4 " 0.2 GeVy2 , consistent with p exchange
w x15 .

Ž < <.The four momentum transfer t at theslow
Ž .target-slow vertex is shown in Fig. 3 d and has been

yb t < <fitted to the form e . The data with t F 0.1
GeV 2 has been excluded from the fit due to the poor
acceptance for the slow proton in this range. The fit
yields a value of bs6.2 " 0.1 GeVy2 which is
compatible with Pomeron exchange being the domi-

w xnant contribution 16 .
In this case the azimuthal angle f is defined as

the angle between the p vectors of the slow protonT

qq Ž .and the D and is shown in Fig. 3 e . The f

distribution is consistent with being flat as would be
expected if the process was dominated by the ex-
change of a particle with spin 0, as in p exchange.

Ž .To select reaction 7 a study has then been made
of the reaction

pp™p pqpyp 0 p 11Ž . Ž .f s

w xthe isolation of which has been described in Ref. 8 .
Ž . qFig. 4 a shows the p p effective mass spectrumf

qqŽ .where a clear peak corresponding to the D 1232
can be observed which has been selected by requir-

Ž q.ing M p p F 1.4 GeV in order to select thef

reaction

pp™Dqq pyp 0 p 12Ž . Ž .f s

A rapidity gap of 2.0 units is required between the
Dqq and the pyp 0 system.

qq Ž y 0 . Ž .Fig. 4. The selection of the reaction pp™ D p p p . af s
q Ž . y 0The p p effective mass spectrum. b The p p effectivef

Ž .mass spectrum with fit described in the text. c The four momen-
tum transfer distribution at the beam-Dqq vertex for ry produc-

Ž .tion with a fit described in the text. d The four momentum
transfer distribution at the target-slow vertex for ry production

Ž .with a fit described in the text. e The azimuthal angle f between
the p vectors of the slow proton and the Dqq for ry produc-T

tion.
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Ž . y 0Fig. 4 b shows the p p effective mass spec-
trum where a clear peak corresponding to the

yŽ .r 770 can be observed. The mass spectrum has
been fitted using two Breit-Wigners, representing the

yŽ .r 770 and the broad enhancement in the 1.65 GeV
Žregion, plus a background of the form a my

.b Ž 2 . y 0m exp ycmydm , where m is the p p mass,th

m is the pyp 0 threshold mass and a, b, c, d areth
yŽ .fit parameters. The fit yields for the r 770 Ms

771 " 3 MeV, Gs160 " 15 MeV and for the 1.65
GeV region Ms1660 " 9 MeV, Gs240 " 25

Ž .MeV, which could be due to the r 1690 or the3
Ž .r 1700 .

In order to determine the four momentum transfer
Ž < <. qq yt at the beam-D vertex for r production the
pyp 0 mass spectrum has been fitted in 0.05 GeV 2

bins of t with the parameters of the resonances fixed
to those obtained from the fits to the total data. The

Ž .resulting distribution is shown in Fig. 4 c . In this
case it can not be fitted with the p exchange formula
and instead has been fitted to the form eyb t. The
first bin in the distributions has been excluded from
the fit due to the fact that the uncertainties in the
acceptance correction are greatest in this bin. The fit
yields a value of bs4.7 " 0.1 GeVy2 which is
compatible with r exchange being the dominant

w xcontribution 17 .
Ž < <.The four momentum transfer t at theslow
Ž .target-slow vertex is shown in Fig. 3 d and has been

yb t < < 2fitted to the form e . The data for t F 0.1 GeV
has been excluded from the fit due to the poor
acceptance for the slow proton in this range. The fit
yields a value of bs6.1 " 0.1 GeVy2 which is
compatible with Pomeron exchange being the domi-

w xnant contribution 16 .
In order to determine the azimuthal angle f be-

tween the p vectors of the slow proton and theT

Dqq for ry production the pyp 0 mass spectrum
has been fitted in 30 degree bins of f with the
parameters of the resonances fixed to those obtained
from the fits to the total data. The resulting distribu-

Ž .tion is shown in Fig. 4 e . The f distribution is
clearly not flat in this case. Hence the ry is consis-
tent with being produced by particles that carry spin,
for example r–Pomeron exchange with the Pomeron
transforming like a non-conserved vector current.

In summary, for the resonances studied to date
which are compatible with being produced by DPE,

w xthe model of Close and Schuler 10 is in qualitative
agreement with the data and hence is consistent with
the Pomeron transforming like a non-conserved vec-
tor current. When one of the particles exchanged is
known to have spin 0, namely p–Pomeron ex-
change, the f distribution is flat. When r–Pomeron
exchange is the dominant contribution the f distri-
bution is not flat.
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