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New anomalous trajectory in Regge theory
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We show that a new Regge trajectory Widihl(0)~1 and a slopaxf’l(0)~0 explains the features of
hadron-hadron scattering and photoproduction ofpttaed ¢ mesons at large energy and momentum transfer.
This trajectory with quantum numbePs=C= +1 and an odd signature can be considered as a natural partner
of the Pomeron which has an even signature. The odd signature of the new exchange leads to contributions to
the spin-dependent cross sections, which do not vanish at large energy. The links between the anomalous
properties of this trajectory, the axial anomaly, and the flavor singlet axial vépgtd285) meson are dis-
cussed.

PACS numbegps): 12.40.Nn, 13.60.Le, 13.75.Cs, 13.8&

[. INTRODUCTION ~0.25 GeV 2. These peculiar properties of the Pomeron
play an important role in particle reactions; e.g., the Pomeron
The descriptions of the total cross sections for elastie@xchange not only gives the main contribution to the total
hadron-hadron, photon-hadron, and lepton-hadron scatterirfgadronic cross sections but also determines the behavior of
at large energy are important issues in the understanding dfie elastic differential cross sections at large energy and
QCD. Only a limited type of hadron reaction, the so-calledsmall momentum transfer.
hard processes, could be understood within perturbative The origin of the Pomeron exchange has not yet been
QCD. Most of the available data, however, deals with pro_understood from QCD, but general wisdom asgribes its exis-
cesses where the momentum transfer between the quarks al§ce to theconformal anomalyf the theory. This anomaly
the gluons is relatively small and therefore their understand!€2ds to finite hadron masses due to the nonvanishing of the

ing should be the subject of nonperturbative studies. Théhatrix elementgh|GJ,GJ,|h) and vacuum energy density.
latter are performed by the use of effective theories based oh"€ Landshoff-Nachtmann modgP] directly relates the
QCD. Regge theory is a well-known nonperturbative ap_propertles of the soft aPorgeron with the nonzero vall_Je of
proach to hadron reactiofs]. It is based on the assumption gluon condensaté0|GWGW|O> and the nonperturbative
that at large energy multiparticle exchanges with definitdWO-gluon exchange between hadrons.

guantum numbers can be expressed by one effective particle

In addition to the conformal anomaly, QCD has also a
exchange with its propagator given by the so-called ReggQonconserved flavor singlet axial vector current due to the
trajectory 6/so)*®. It was shown that one can fix the shape

axial anomaly This anomaly has played a crucial role in
. a , understanding the pseudoscalar meson spectrum. However,
of the.usual Regge trajectory(t) = a(0)+a _t from th? only recently has the importance for understanding the DIS
analysis of the mass spe(/:trUZVhJ_ of the hadronic states with - ¢y _jenendent structure functions been clarified. A solution
spin J, whe_reJ:_a(O)wL a'M7 lies on this trajectory. Mzost to the proton spin problerffor a review see, e.g., Relf3])
Rﬁ_g?]e trajgctorlles QaV_ehthﬁ same slcllp’e'TO.Q ?er?f »due to the nonvanishing of the matrix element
which can be related with the universal value of the string G2 &2 | =a
. . ) p) has been suggested, whereG
HY = pv nv
tension between quarks, as has been found in lattice QC&D 633/2 is the dual to the gluon tens@iv. Within

lculations. The inter f th | ndary Regge S#vab . T STt 1
fraaj((:alét%tri?essare r?ot \}:rselg:z‘a(c)(ot)fou;ua secondary eggseupersymmetrlc QCD only some definite chiral combinations

The Pomeron trajectory, which was introduced into par-Of these two tensor§3G=iGG, correspond to superfields
ticle physics more than forty years ago, has properties which#l- Therefore the matrix element¢h|GF,Gj,|h) and
are very different from those of the other trajectories: It hagh|G%,G¢,|h) can be related to each other. This link was
an intercept larger than one,(0)~1.08, and a slopex;, used in Ref[4] to estimate the value of the flavor singlet
axial vector charge of the proton. Does this relation also hold
in real QCD? If so, what are its implications in Regge phe-

*Email address: kochelev@thsunZ.jinr.ru nomenology? If this relation holds, it would be natural that,
"Email address: dpmin@mulli.snu.ac.kr in addition to the Pomeron trajectory, a new anomalous
*Email address: yoh@mulli.snu.ac.kr Regge trajectory would exist, associated to the vacuum prop-
$Email address: vento@metha.ific.uv.es erties of QCD through the axial anomaly and therefore with
'Email address: vinnikov@thsun1.jinr.ru its quantum numbers. Our aim here is to show through data
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analysis that this possibility is indeed realized. the pseudoscalars. This mixing implies a strong violation of
We will estimate the contribution of this trajectory to the the Okubo-Zweig-lizuka(OZI) rule and therefore a strong
elastic proton-proton scattering cross section and show it tgluonic admixtureg8]. From the point of view of the present
be very important. We also compute the contribution of thisinvestigation the mixing is not important, what really matters
trajectory to the photoproduction of the€ and ¢ mesons. is the role played by the lightest meson in this channel, the
Moreover we show that due to the specific quantum number§,; (1285), in the whole procedure. This meson behaves in the
of the possible exchanges, polarized and unpolarized protorxial vector three isosinglet case in the same way asg;the
proton scattering and photoproduction of vector mesons cabehaves in the pseudoscalar case, namely, it saturates the
be very useful for investigating the possible consequences @nomaly. It is the purpose of this paper to estimate the effects
this new trajectory. of the f1(1285) exchange in elastic nucleon-nucleon scatter-
The remaining part of this paper is organized as followsing and vector-meson photoproduction, and in so doing dis-
In Sec. Il the connection of the properties of themeson play the special role played by its Regge trajectory, as a
with axial anomaly is discussed. The effect of the new tra-consequence of the properties of the vacuum of QCD.
jectory in proton-proton elastic scattering is evaluated in SecThroughout this paperf,; stands for thef,(1285) state and
[ll. Section IV is devoted to the contribution of tHg ex-  we will neglect the possible admixture of the other hadronic
change to the cross sections gfi and ¢ meson photopro- states to the wave function of tg meson.
duction. In Sec. V the contribution of the new trajectory to  Let us briefly review some of the results of Sec. Ill of Ref.
the polarization observables ipp collision and vector- [8] to adapt them to our purpose. The matrix element of the
meson photoproduction is obtained and its nontrivial role inaxial vector current can be rewritten as a sum over all pos-
polarized particle reactions is discussed. We give a shouible intermediate states by using the idea of the axial vector

summary and some conclusions in Sec. VI. dominance
Il. PROPERTIES OF THE f; MESON AND THE PROTON _ (0]a¥sy,a| A){AN|N)
SPIN (N|aysy,alNy= > B )
A M4%—k
The small value of the flavor singlet axial vector charge ke=0

g,‘i which was measured by the European Muon Collabora- , . .
tion (EMC) [5], led to the crisis of the naive parton model for Wh_ereA S are the_ axial vector meson states charaqterlzed by
the polarized deep-inelastic scatter[i3j. Despite the under- thelr corrgspondmg flavor quantum num_bers. This expres-
standing that the fundamental origin of this phenomenon iglon provides relat|on§ between the axial charges of the
related to the nonconservation of the flavor singlet axial Vec_nucleor) and the coupling constants of the axial vector me-
tor current due to axial anomaly, the explicit calculation for SONS With the nucleon

the value of the flavor singlet axial vector charge within _

QCD is absent so faf6]. The main problem here is the (AN|N>=igANNu(p’)yMy5u(p)s”, (3)
poorly known nonperturbative sector of QCD, which does

not allow us to perform exact calculations. One possible wayjiven by

to explain the small value aﬁ\ is to investigate its connec-

tion with the effects of the axial anomaly in meson spectros-

copy, and there have been many trials to connect the polargizm, gA=M, ggzml
ized deep inelastic scatteringDIS) anomaly with the M2, Mf, MF,
anomalous properties of th@’ meson, e.g., through the (4)
U(1)5 problem. However, it should be mentioned that be-

cause of its quantum numbers the pseudoscalameson  Here the decay constants are defined by

cannot give alirect contribution to the double spin asymme-

try in polarized DIS, which was used to extract the value of

the forward flavor singleaxial vectorcurrent matrix element ie,fa=(0lqy,¥sal(aa)a), (5)
S 0 ande, is the polarization vector of the meson. The eighth
P % qY57,d|P ) =2MygaS, (1) component of the flavor octd will be identified with the
f,1(1420)[7].
wherem, is the proton mass anflis its spin. It is evident From the data on the decay of —a,; + v, one obtains

that only flavor singlet axial vector mesons can contribute td 8l
the left hand side of this equation.

There are three axial vector mesons with the appropriate fa1=(0.19t 0.03 Gel\~. (6)
quantum number$l ¢(IP€)=0"(1"")] contribute to this
matrix elementf,(1285), f;(1420), andf,(1510)[7]. The ¢
anomalous value of the nucleon matrix element of the singlet
axial vector current implies an anomalous mixing for these
axial vector mesons, similar to what happens in the case of

hen the first equation in E¢4) gives

galNN=6'7i_ 1.0. (7)
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The analogue with th& andD reduced matrix elements for behavior in the cross sections when themeson contributes
the axial vector currents allows us to estimate the couplin@nd which leads in general to unexpected and thereby
constant of the flavor singlet axial vector meson with theanomalous results. In order to establish these facts in a con-

nucleon as in Ref.8]: crete manner we proceed to calculate the contribution of the
f, meson for two processes, elagtip scattering at largé|
g¢,Nn=2.5+0.5. 8 and elastic photoproduction @f and ¢ mesons. These cal-

culations will indeed show that the exchange of theneson
NOte |f we use the 3(3) I’e|at|0nS fOI‘ the decay constants Of produces |mp0rtant Contr|but|ons |n these processes

the axial vector meson octdt, = f, , and the S(&) relation Before we conclude this section we would like to com-
betweeng yn andgs nn. 9t ,NN= \/—gngN, then we obtain  pare thef, with the anomalous Pomeron, for the reason that
a larger valueg; yn=~3.5. has been mentioned in the introduction. Equatit) fol-

1

lows from the consideration of thaxial anomalycontribu-

The last equation in Eq4) gives tion to the nonconservation of the flavor singlet axial vector

fi,~0.11 GeV, (9  current
by using the axial vector charge (gﬂ‘]/’ﬁ(x):zi% mqa;ysq_l_ZNfQ(X), (14)
9%~0.3, (10)

whereN;s is the number of flavors and
which was found recently10] by fitting the world data on

the spin-dependent structure functign(x,Q?). a =a

It should be mentioned that the estimat@sand(10) are Q(x)= _GMVGMV (15
probably justupperlimits for the corresponding magnitudes,
because of the uncertainties in the extrapolation of flavofs the topological charge density. Due to its relation with the
singlet part of the spin dependent structure functionaxial anomaly, the properties of tHg exchange are related
91(x,Q?) to the lowx region. At any rate we find that the with the distribution of the topological charge in QCD
violation of the SU6) symmetry for the decay constants of vacuum. It is well known that nonperturbative fluctuations of
axial vector mesons is very large afigh~2f; . A similar  gluon fields called instantons give rise to the nontrivial topo-
effect was discussed by Veneziano and SHdrH for the  logical structure of the QCD vacuufsee a recent review in
case of pseudoscalar mesons. They have shown that tiRef.[9]). The average size of the instantons in this vacuum is
small value of the decay constant of the flavor singjgt much smaller than the confinement radius
meson ancgg is ascribed not to the properties of this meson

itself but to the general properties of the QCD vacuum, pe!Reonr~1/3. (16)
namely, to the phenomena of topological charge screening in
the vacuum, Therefore thef;, exchange should contribute to the hadronic
cross sections at higher values of the momentum transfer
V6x'(0) than the Pomeron exchange whdsdependence is deter-
0_ 8 : . . )
gA—f—gA, (11 mined approximately by the isoscalar electromagnetic form
g factor of the hadrons participating in the proc¢$g]. For
wherey’ (k) = dy(k?)/dk? and (k?) is the so-called topo- the f;NN vertex, we shall use the flavor singlet axial vector
logical susceptibility form factor

Fran=1(1—t/m?)?2 1
X(kz):ij dxékx<0T§—;Gé(x):—;G~G(0)‘O>. L) 7
(12 with mf1=1.285 GeV. This is comparable to the estimate of
the isosinglet axial form factor of Refl3], which gives
FO=1/(1—t/1.27)? using the Skyrme model. Recent ex-
perimental datd14] on the flavor octet axial form factor
favor F8=1/(1-1/1.08)2.

Then the smallness of the decay constigptcan be thought
to have the same origin, since using EG®. and (11) one
can relate this constant with' (0),

3y (0) This form factor decreases slower with increadiighan
f=—F—"F¢, (13)  the isoscalar electromagnetic form factor of the Pomeron-
! fr 8 nucleon vertex12]:

where we have neglected the mass difference off thand

fg. F.(t)=
From all of the above discussion we conclude that the )

properties of thd ; are very different from those of the other

mesons that belong to the same(8Umultiplet, e.g., thea;  where 1/(1-1/0.71¥ is the usual dipole fit. Therefore tHg

andf;(1420) mesons. Furthermore they imply a dominatingcontribution will dominate over the Pomeron contribution at

4amp—2.8
(4mi—1)(1-t/0.7)2

(18
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WO grrrrrrrprrrfrrrprrrprrrprr? rather small,—t~—t/9<1.5 GeV, and therefore justifica-
tion for its applicability is still uncleaf12]. (See also Ref.
[17].) The validity of the perturbative approach to QCD to
explain nucleon-nucleon elastic scattering data is even less
clear for the Sotiropoulos-Sterman modl&B] where a six-
gluon effective exchange mechanism between nucleons was

“;; considered.
) The new trajectory, which we relate to the effectifge
E exchange and to the manifestation of axial anomaly in the
= strong interaction, gives a more natural explanation to this
- experimental data. In this section, we calculate the contribu-
% tion of the f; exchange to the differential cross section for
© proton-proton elastic scattering at large ener@y,mg and
s> —t:
10 do |Tf1|2
—_—= 5" (20)
‘ dt  167s
10—11 yao g by sty by by sy by g by
2 4 6 8 10 12 14 16 The Lagrangian of thé;-meson interaction with the nucleon
il (GeV?) for a pointlike vertex is
FIG. 1. Thef,-trajectory contribution to the differential cross ./J:gleNJNy“yf’zﬁNfM, (21

section for the elastic proton-proton scattering at the large energy
and momentum transfer. The solid line is thecontribution while  which allows thef; exchange to generate non-spin-flip am-
the dashed line is the Pomeron contribution/at-27.4 GeV. The  plitudes in nucleon-nucleon scattering. The matrix element

data is from Ref[19]. in Eqg. (20) at S>|t|>m§ reads

large|t|. In this paper we will show explicitly this behavior 4[gle,\‘Ffl,W(t)]“s2

in elastic proton-proton scattering and vector-meson photo- |Tf1|2= 7 ; (22
production. (t=mi)

which leads to the differential cross section of the elastic
IIl. ELASTIC HADRON-HADRON SCATTERING nucleon-nucleon scattering as

One very interesting feature of the available data on = NE
hadron-hadron scattering at high energy is their universality d_(T: [9r,nnFynn(D)]
[15]. This means that at low momentum transfert dt 4m(t—m? )2
<1 Ge\ and large energy/s>20 GeV all data are de- !
scribed rather well by the Pomeron exchange. It was showie note that it doesot depend on the energy
also that the Shrinkage of the diffractive peak with ianeaSing In F|g 1, we present the contribution from tﬁ@ ex-
energy can be explained by the following Pomeron trajecthange to the differential cross section for proton-proton
tory: elastic scattering and compare with the experimental data at
large energies,s=27.4, 52.8, and 62.1 GeV, and large mo-
ap(t)=ap(0)+ apt, (19 mentum transfeft|>3 Ge\? [19]. In this calculation we
have usedys yy=2.5, which was fixed by Eq(8) through

with the Pomeron interceptrp(0)~1.08 and slopeap  the proton spin analysis. The result shows that theex-
~0.25 GeV 2. change explains the experimental data on elastic proton-
At —t>3 Ge\# and large energy, however, the experi- proton scattering at large momentum transfer very well.
mental data for the differential cross sections for elastic The Pomeron contribution to the elastip scattering dif-
proton-proton and proton—anti-proton scattering show a veryerential cross sectiofil2,20,2]
different behavior. The differential cross sections in this ki-
nematical region do not shoany energy dependence and do” [3BoFi(1)]*[ s
are only functions of the momentum transfe(see Fig. 1 dt A S_o
Several explanations for the largg data have been sug-
gested. The most popular one is the Donnachie-Landshoffith B,~2 GeV ! and s,=4 Ge\? is small at largelt]|
Odderon-exchange model based on a perturbative threeompared with thé,; exchange and can be neglected in this
gluon exchange mechanism between nucleon qyask46. kinematical region. Of course at large energy the meson ex-
In this model, however, the average momentum transfer ithange should be reggeized due to the contributions from the
each quark-quark subprocess in the experimental rangis of mesons of higher spinJ=3,5, ..., which belong to the

(23

2[ap(t)-1]
) (24)
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same trajectory. As discussed above, however, there is a dif Y(@ Vv tACH Vv
ference in the characteristic scales for the Pomeron and th
new trajectory. In the former, the scale is determined by the
interactions between quarks at the distance related to thi
confinement radius, while in the latter it is related to the axial
charge distribution(16). Therefore the two trajectories
should have different slopes and

fy

PP pe) p () p@)
(a) (b)

FIG. 2. Vector-meson photoproductiofa) diffractive process

The flatness of the new trajectory leads to small contribulY Pomeron exchange arfb) f, exchange.

tions of the heavier mesons to the cross sections. For ex- . o . _
ample, with the slop&25) the next meson from the new by the flavor singlet contribution in the experimentally avail-
trajectory withJ=3 should have a madd;_;~9 GeV as able range ok. For the proton target the valence quark con-

2
! ~(Rp—°f) ab~0.028 GeV'2. (25)

1 con

determined from the equation tribution is very large and the behavior infollows the a;
trajectory contribution in this range of Thus the neutron
J=af1(0)+af’lM§. (26) target is more suitable to investigate the new trajectory in
polarized DIS.

In order to obtain a reasonable estimate we can safely neglect
the contributions from the heavier mesons and take the con-
tribution of the new trajectory as a fixed pole withl(t)

=1. The recent data from the DES¥p collider for vector-
The quantum numbers of this new trajectory are determeson photoproductigr24—26 are now the subject for dis-

mined by the quantum numbers of themeson: The signa- cussion in the different approacH&¥]. The interest in these

ture is o= —1 with the paritesP=C=+1. Thus the new data is related to the possible check of different nonpertur-

trajectory should have the same contributionpto andﬁp bativ_e and pert_urbative QCD models for particle photopr(_)-
collisions. This property is different than the charge odd Od-duction. In spite of the success of several models in
deron exchange. Furthermore, the strength of the interactioti€ description of some properties of vector-meson photopro-
of the new exchange with some hadronic state is determinedction, a complete theory is not available so far. Indeed, the
by the value of the flavor singlet axial vector charge of theNeW ZEUS data folp, ¢, and J/¢ photoproduction26]
hadron. This leads to the vanishing of the contributions ofShow that the perturbative approach may describe dhly
this trajectory to the total cross sections of the elastic reacdPhotoproduction. We also note that the nonperturbative ap-
tions 7N, KN, 7, etc., because the axial vector charge ofproaches based on the dominant contribution othigersal
pseudoscalar mesons is zero. One further consequence of tRe@meron trajectory fail to explain the cross sections at large
dominance of the new trajectory is that at laftjehe elastic ~Mmomentum transfeit|. Furthermore, the mechanisms which
mp cross section, that is determined by the Pomeron exar€ responS|bI_e for the s_peC|f|c polarization properties of the
change, should have very differehtand s dependence in elec_t_romagn_enc production of vector mesons has not been
comparison with thepp case. The experimental dafa2] clarified until now. For example, it is very hard fqr such
support this conclusion. models to explain the large double spin asymmetry ime-
One of the features of this new trajectory is that it isSON electroproduction at relatively small value QFf ob-
responsible for thespin dependencef the lepton-hadron, Served recently by the HERMES Collaboratig#8].
photon-hadron, and hadron-hadron cross sections at large en- The specific features of the new trajectory can be ex-
ergies. Thus the exchange of this trajectory should determinéacted from the experimental data of vector-meson produc-

the behavior of the flavor singlet part of the spin-dependention. As we discussed above, because of the differefe-
structure functiorgy (x) atx—0: pendence of the form factors in the Pomeron-nucleon and

f,-nucleon vertices this new trajectory should dominate over
1 the Pomeron contribution at large region. To demonstrate
gl (x)e —o (27)  the effect of the new trajectory we present here the numerical
x:(0) results forp® and ¢ photoproduction at large energy,
where W?=(p+q)? is the center of mass energy of the
photon-nucleon systeniDefinitions of the kinematical vari-
ables can be found in Fig. )2We consider contributions
a,(0)=0.9+0.2 (28)  from the two processes shown in Fig. 2. The contributions
from 7 and » exchanges which give corrections to the dif-
for the neutron structure function was found by the E154fractive process at low enerd9] are suppressed at large
Collaboration[23]. The peculiarity of the neutron structure energy and are not considered in this work.
function g7(x) is the smallness of the valence quark contri- It is very well known that theé-channel exchange by the
bution. Therefore the behavior of this function is determinedPomeron trajectory gives the main contribution to the cross

IV. VECTOR MESON PHOTOPRODUCTION

whereafl(O)wl. A similar behavior with
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sections of vector-meson photoproduction at srtall The
matrix element of this exchange within the Donnachie-
Landshoff model readkl2,21,29-31

T)\V MmN, mT 11247 aemB,Gp(W?,t)F(t)

2u
2,(L(2)+ m\z,—t

miBr 1
fv m\z,—t

X{ Uy (P ) GUm(P)eF (Ay) - £5(N,)

—[a- 5 (N TUm (P") Y Um(P) (N},
(29)

where the vector-meson and photon helicities are denoted b

Ay and\, while mandm’ are the spin projections of the
initial and final nucleon, respectively,

2

w2\ 01 (g
S_o) exp[—7[ap(t)—1]]y (30

with w?=(2W?+2mj—m)/4, andF,(t) is given in Eq.
(18). The vector-meson mass gy, and ap(t) is the
Pomeron trajectory given by E¢L9) with ap(0)=1.08 and
ap=1/5=0.25 GeV 2. Other parameters are

Gp(Wz,t) = (

wi=1.1 GeV, B,=Bq=2.07 GeV?,

Bs=1.45 GeV'1, (31
and the vector-meson decay constants fare5.04 andf
=13.13.

The vertex for the coupling of the axial vector current
(with momentumq and polarization vectog*) with two
vector currentgwith momentumk, , and polarization vec-
tors €f,), i.e.,, 1""—17717", can be described by two
form factors[32]

M vv= 2§85 € up, ol Aok ko) kEKS+Ag(ka, ky)K3K]T,
(32

where A;(ky,ky) =—A,(k,,k;). Note that in general there

PHYSICAL REVIEW D 61 094008

G (ub)

100
W (GeV)

FIG. 3. The cross section for elasjicmeson photoproduction.
The dashed and dot-dashed lines are the contributions from the
Pomeron and; exchange, respectively, while the solid line is the
total cross section. The experimental data are from R2#35.

2
my

2 L 22 2.3 2
e (Mg, +my) (Mg —my) gt v, »

F(f—Vy)= go-

1

(34)
which leads to

|95,0,/=0.94 GeV %, |gs 4,/=0.18 GeV % (39
Therefore the matrix element of tlig meson exchange to
elastic vector-meson photoproduction reads
. my,
T)\V,m’;)\y,m:|gf1VygleNFf1NNFf1Vym
f1

are six form factors and two of them do not contribute to the
physical processes. Here we follow the prescription of Ref.
[33]. Therefore, for vector-meson photoproduction by the ex-
change of axial vector current, the structure of the vertex
becomes very simple in the local limit with constant

Ax(ka,ka):

Vf1Vy: gf1VyE;LvaB§ﬁ8 Isgkgkf d (33)
wherek3=m? . This corresponds to th&VV interaction La-
grangian of Ref[34] obtained by using the hidden gauge
approach.

X E,uvaﬂqlusikly()\V)Si()\y)

oo (p—p")%(p—p")°

X
m{
1

XUy (P')Y5Y5Un(P).- (36)
For the form factor of thd,Vy vertexFs v,, we take
2 a2
Fr.v,= Avomi, 3
A v (37

The coupling constargy, v, can be determined from the ith A,=1.5GeV andA ,=1.8 GeV.

experimental data onf,(1285)—yV decay [7]: I'(f;
—p®y)=1.30 MeV and I'(f;— ¢y)=1.90x10 2 MeV.
The vertex form of Eq(33) gives

The results for the Pomeron- arig-exchange contribu-
tions to the total cross sections pfand ¢ meson photopro-
duction are presented in Figs. 3 and 4. One can find that the
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IIIII|_|,|J IIIII|,|,|,I 11111

do/dt (ub/GeV?)

10 10

W (GeV)

|||||I'I'I'| ||||||I'I'| |||||I'I'I'| |||||I'I'I'| |||||I'I'I],||||||

\
\

10—6|||||||||||

0 1

2

3

4

5

It (GeVY)

FIG. 4. The cross section for elastic meson photoproduction.

- nior FIG. 6. The differential cross section fgr meson photoproduc-
Notations are the same as in Fig. 3.

tion atW=94 GeV. Notations are the same as in Fig. 5.

fl-exchange .contrl_butlon is nearly constant with the energy V. NEW TRAJECTORY AND POLARIZED CROSS
and its magnitude is at the level of a few percent, s, SECTIONS

of that of the Pomeron exchange. Figures 5 and 6 show the
differential cross sections @f and ¢ meson photoproduction The generic structure of the new trajectory can also be
at W=94 GeV. These show that the contribution of the found from the spin dependence of the related vertices,
exchange is very large and dominates over the Pomeron comhich is very different from that of the Pomeron exchange.

tribution in the largelt| region. Therefore, although thig The main difference is that this exchange has unnatural par-
contribution is suppressed in the total cross section, its roléy, i.e., P=(—1)’"1. One expectation is then that the con-

can be found in the differential cross sections.

2

tribution of this new trajectory may be separated by measur-
ing spin observables, for example, the double spin

ogrTrrrrrrrprrrrp Ty asymmetries in hadron-hadron, lepton-hadron, and photon-
F . hadron interactions, which vanish in the natural parity
10tk - Pomeron exchange.
3 The wide experimental program for investigating polar-
L ] ization effects in proton-proton scattering has been suggested
10°g E| for the BNL Relativistic Heavy lon CollidefRHIC) [36].
‘S 3 The main goal of this program is to extract information about
> L ] polarized parton distribution functions of the nucleon and to
_% 10 _§' check the important role of the axial anomaly in polarization
S I ] physics. We would like to emphasize that the polarized
S107°F = proton-protonelastic scattering could be very useful to ex-
) E 3 tract the information about axial anomaly effects related with
o S 7 the contribution of the new trajectory.
10°¢ 3 As an example, we consider the effects of thexchange
F 3 in the double longitudinal spin asymmetry in th@ elastic
10k scattering:
A —
10_5-' A T ALL_d(r(<—)—dU(:§) 39
0 1 2 3 4 5 do(=2)+do(=)’
tl (GeV?)

wheredo denotes the differential cross section of the proton-

FIG. 5. The differential cross section fprmeson photoproduc- proton scattering and arrows show the relative orientation of
tion at W=94 GeV. Notations are the same as in Fig. 3. Experi-the proton spins. This asymmetry can be written through the
mental data are from Reff26]. helicity amplitudeq 37]
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By=(++[++), Bp=(++[-=), Bg=(+—|+-), R B

Oy=(+—|—+), Gs=(++|+-), (39 0.0 ]
as
2 2 2 2 -0l
—|D4]2= [ D]+ | D3| "+ | Dy
ALL= 2 2 2 2 2" (40) =
| D 4|2+ Do+ [ D]+ [D 4]+ 4] D =,
<

It is very well known that at large energss|t| one can
neglect the contribution to the cross sections from the spin- 03
flip amplitudes®,, ®,, and®5. Furthermore, the Pomeron
andf, exchanges have different relations for the and®,

L
[\
LA L L N I L L L Y B BN I L

amplitudes 0.4
P_ fq_ f
@ ®3’ (Dll__(DSl' (41) _05 1 1 ] 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
~o 1 2 3 4
Therefore only the interference between the two exchanges
can lead to nonvanishing, Il (GeV?)
Z(DflRe(q)P) FIG. 7. The double longitudinal asymmetry in elastic proton-
AL~— i S (42)  Pproton scattering at/s=50 GeV (solid line) and aty/s=500 GeV
P2+ | D12 (dashed ling

where we have neglected the contribution from the imagitrajectory, it vanishes if the intercept of ttig trajectory is
nary part of thef; exchange té\ | because of the very small «; (0) 1 exactly. Therefore the measurement of this asym-
deV|at|0n Of the Intercept Of new trajectory from one. Wlth- metry at |arge energy g|ves the Opportun”:y to measure the
out this interference the asymmetry is suppressddsaghe  geviation of o (0) from one:

final result for the asymmetry can then be written simply as

2\dc"do't ng NN
L= : sm( [ap(t)—l]], 43) Ao, = sm{ [af (0)—1]}. (46)
do+do my, !
wheredo ("D is the contribution from the Pomeron arfigl

exchange, respectively, to the differential cross section. The Recently the E581/704 Collaborati¢8sg] has reported a

result of the calculation for the two RHIC energigs=50 measurement oA g for proton-proton scattering at rather
and 500 GeV is presented in Fig. 7. This shows the Iargéarge momentunp=200 GeVL:
asymmetry att|<4 Ge\? and the weak dependence on the
energy, which is related to the high intercept of the new Ao =—42+48+53 ub. (47)
trajectory.

Another very useful quantity which is also sensitive to theFrom this result, with assumption that at this energy the con-
new trajectory is the difference of the total cross sections ofribution of other Regge trajectories with unnatural parity is
polarized initial states: small, we can estimate the intercept of the new trajectory as

Ao =0(2)—o(=2). (44) a;,(0)=0.99+0.04, (48)

This asymmetry can be written in terms of the helicity am-
plitudes which is in good agreement with E¢28), which was ex-

tracted from the analysis on the behavior of the structure
A 1 [ ®4(0)— B(0)] 45 functiongf(x) in polarized deep-inelastic scattering at law
oL L= ————— M P (V) = P3 , Another suitable field to look for the effects of this trajec-
2ys(s—4m) tory is the polarized vector-meson photoproduction. Givien in
ig. 8(a) are the results of the double spin asymmetriep in
nd ¢ photoproduction for longitudinally polarized proton
targets and polarized photon beamsVéiE 100 GeV. We
define the beam-target double asymmetry as

using the optical theorem. It should be mentioned that onlf
unnatural parity exchange can contributeAo, . Since the
Pomeron exchange habB,;=®j, it does not contribute to
Ao although it dominates in the unpolarized total cross sec-
tion. Thus at large energy only the new anomalous trajectory
which has unnatural parity can contribute. Since the asym-
metry Ao is proportional to the imaginary part of the new

do(2)—do(=)
do(2)+do(=)’

AL ()= (49
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FIG. 8. The beam-target double asymmetry of vector-meso
photoproductioni{a) A‘L’L(t) and (b) K‘L’L(t) at W=100 GeV. The
solid and dashed lines correspond to the results withfthex-
change inp and ¢ production, respectively. The dot-dashed lines
are the results of the Pomeron-exchange model for both cases.

where the arrows denote relative orientations of the proto
spin and photon helicity. In Fig.(B) we also giveK\L’L(t)

1 2 3 4 5

il (GeVY)

(a)

-
S e m e r e e —————

tl (GeV?)

(b)

defined as

where

A :E(:)—Zr(:;)
o) re=)

(50

PHYSICAL REVIEW [B1 094008

~ [tl do
O'(t)Ef dt’'—. (51)
Itlmin dt,

One can find that the values 8/, andK\L’L are very differ-

ent from those of the Pomeron-exchange model. The
f,-exchange contribution gives rise to nonvanishing values
for A/, at small|t| region, while the Pomeron model pre-
dicts A ~0 at this region. It should be mentioned that re-
cently the first measurements of the double spin asymmetries
for vector-meson electroproduction was reported by the
HERMES Collaboratiorj28]. They found large asymmetry

for p meson electroproduction witlt|<0.4 Ge\f. The
asymmetries ofp and J/¢ electroproduction could not be
measured accurately and cannot give any definite conclusion
to these asymmetries. Nevertheless, the data on the double
spin asymmetry ofp electroproduction could not be ex-
plained by the Pomeron-exchange model and we propose the
f, exchange as a possible candidate which gives nonvanish-
ing double spin asymmetries at high energy.

VI. SUMMARY AND CONCLUSIONS

We have shown that th&;(1285) meson plays a very
special role in some hadronic processes in the large energy
and large momentum transfer region due to its special rela-
tion to the axial anomaly through the matrix elements of the
axial vector current. This behavior is reminiscent of another
effective particle with a very dominant behavior in hadron
physics in this region, the Pomeron, whose relation with the
conformal anomaly seems to be the motivation behind this
behavior. Therefore it seems natural to describe the proper-
ties of the lightest; in terms of Regge theory by associating
to this resonance an anomalous trajectory, the odd signature
companion of the even signature Pomeron. Our analysis of
proton-proton scattering and vector-meson photoproduction
has confirmed our suspicions. The contribution of thex-
change to the cross sections of these processes does not de-
pend on the energy, a clear signature of its anomalous Regge
behavior.

We have found that thé;-meson exchange can explain
the differential cross sections of proton-proton scattering at
large energy and large momentum transfer. The difference in
Ahe spin structure of the vertices of thetrajectory from the
Pomeron exchange leads to their different contributions to
the polarized proton-proton scattering and polarized vector-
meson photoproduction. As a result, this trajectory gives
nonzero values for the beam-target double spin asymmetries
in both processes, and can be distinguished from the
rﬁ’omeron—exchange model. These examples show the impor-
tance of the new trajectory in hadron reactions, and can be
tested, for example, by thep2pp experiment at RHIC39],
where a wide program to measure various spin-dependent
elastic and total cross sections has been sugge$Sed. re-
cent discussions in Ref40].)

As another test of the new trajectory, we suggest to inves-
tigate b;(1235) photoproduction, which decays mostly into
wm. Since the b; has quantum numbers ©(J7°)
=1%(1%"), the empirical Gribov-Morrison rulg¢41] pro-
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hibits the Pomeron exchange in this process, and because of In summary, in the energy region of the analyzed experi-
the C parity vector-meson exchanges suchwaagndp cannot  ments two trajectories, the Pomeron and thedominate the
contribute. The possible pseudoscalar-meson exchange catotal cross sections and the asymmetries. Therefore, this new
tribution, however, usually gives decreasing total cross secanomalous Regge trajectory, which is responsible for spin
tion with the initial energy, while experimen{gl2] show effects at large energy, should be considered as a natural odd
approximately constant total cross section at large energiesignature companion to the Pomeron.
Therefore, we expect that the new trajectory related with the
f, may give important contribution tb; photoproduction.
But the currently available data on this reactjd@] are very
limited and new experiments at current electron facilities are We are grateful to A. E. Dorokhov, S. B. Gerasimov, E.
strongly called for. A. Kuraev, E. Leader, and T. L. Trueman for illuminating
We also suggest to analyze the asymmeyof the two-  discussions. Y.O. is grateful to M. Tytgat for useful informa-
meson decays of vector mesons produced by linearly polation. D.-P.M. and Y.O. were supported in part by the KOSEF
ized photon beam§43]. Since this asymmetry is-1 for  through the CTP of Seoul National University. V.V. was
natural parity exchange and 1 for unnatural parity ex- supported by Grants Nos. DGICYT-PB97-1227, ERB
change, the; contribution would be found from deviations FMRX-CT96-008, and the Theory Division at CERN, where
of this quantity from+1 at large energy. part of this work was done.
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