PHYSICAL REVIEW D, VOLUME 65, 097504

Mechanism for the double-spin asymmetry in electromagnetigp production at HERMES
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We calculate the contribution of meson and Pomeron exchanges to the double-spin asymmetrgsion
electromagnetic production at HERMES energies. We show that the observed double-spin asymmetries, which
are large, can be explained by the interference between the natural pasgcondary Reggeon and the
unnatural parity anomalous exchanges.
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I. INTRODUCTION slope a;, ~0, to explain the behavior of the elastic proton-

proton, proton-antiproton and vector meson photoproduction
The measurement of spin observables gives very impofeross sections at large energies and momentum trarj§fiers
tant information on the structure of the strong interactionsThe connection of this new trajectory with spin physics has
[1]. Recently, the HERMES Collaboration has found a sig-been stressed, and its importance for the letsehavior of
nificant (~20%) double-spin asymmetry in elastic vector the nucleon spin-dependent structure functigtx,Q?) and
meson electroproduction at an energy Bf,)~13 GeV([2].  the double spin asymmetries in diffractive reactions at large
This result is quite intriguing since it was not expectedenergies has been shoysl.
within models of the vector meson production processes |n here we analyze the contributions of theexchange to
based on convenient mesonic and Pomeron exchanges. the double-spin asymmetries ip-meson electromagnetic
There are two different approaches to describe the elegroduction at intermediate energigs.
tromagnetic production of light vector mesons at intermedi-
ate energies: Ref§3] and[4]. The first assumes that onty

and o exchanges are relevant for explaining theand w Il. THE POMERON, f; AND SECONDARY
cross sections and their relation. The second involves the REGGE EXCHANGE CONTRIBUTIONS
Pomeron, and ther-, o-, and f,-secondary Reggeon ex- TO p-MESON PRODUCTION

changes. In both approaches the main contribution tthe  The kinematics of the-meson electromagnetic produc-
production cross section comes from the natural parity €Xgion of the nucleon is shown in Fig. 1. The invariant vari-
changes, e.g., the Pomeranandf,. . ables of the reaction are=(q+p;)?=(py+p,)? and t

In spite of the fact that the'NN coupling constant is very _ (9—pv)2=(p1— p,)2 whereq andp, are the momenta of
large, the contribution of unnatural paritymeson exchange e nitial photon and proton, ang, andp, are the momenta
to the elastic cross section is small and falls off rapidly with y¢ e final p meson and proton. At HERMES energies the
energy. At HERMES energies its value is negligible in bothmechanism for vector meson production is rather compli-
models. _ cated. We will take into account the contributions to the am-

For spin observables the parity of the exchanges plays giiiude related to thé-channel Pomeron and the anomalous
crucial role. For example, the double-spin asymmetry WI||fl exchange$5], with a weak energy dependence, together

not vanish only if there is considerable interference betweeiih the secondary Regge, o, and f, exchanges, which
the exchanges with natural and unnatural parities. It tuns oY{aye a rather strong energ;y/ dépende[r&;@]. '
that the HERMES data are impossible to describe by inter-

ference of pion exchange with any existing natural parity

exchanges. q Dy
Recently we suggested a new unnatural parity anomalous

f, trajectory, with a very high intercept; ~1 and a small
! "< 7,0,5,P.f,
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For the Pomeron exchange we use the Donnachieduction[10]. Within our approach one determines the param-
Landshoff mode[10]. The Pomeron exchange amplitude is eters of the secondary Regge exchanges between two quarks
from the hadron-hadron cross sections. Then by using the

TP = 12imy 82 /3mVFe+e’U( )y.u(py) assumption.on a nonre!ativistic shape for t_he vector meson
viep Qem P2)Yal(Ps wave function, normalized to the leptonic decay width
I'e+e-, ONe calculates the contribution of any exchanges to
(9,9 0,,0PY — 9,007 euey [ s | 2071 the vector meson production amplitude free of parameters.
X P+t— m\z/ S_P Within this model, using the following forms for effective

mr-quark ando-quark interactions,

i _ _
xexp{ _?(ap(t)_l)}FP(t): (1) quq:igwqquSQWOa Laqq:goqqqq("u (6)
wherem,, is the mass of the meson and ¢+~ is its lep- we obtain for the amplitudes
tonic width. The quark-Pomeron couplings can be fixed mol . e
from fits [11] to total hadron-hadron cross sections. For the T=4j ﬂu(pz)%u(pl)
mass scalesp=4 Ge\? one obtainsBp=2.0 GeV 1. The Stem

Pomeron trajectory is given Qyl.0] Grrqqdmnne Bq“p‘és“eb
! T mva y

ap(t)=1.08+0.25. 2) (Pt t—m2)(t—m)

)

The form factor of the PomeroNN vertex is[10] whereg ,qq=3/59 - is the value of the coupling of the®
meson to quarks, and we use for the pion-nucleon coupling

2
Fo— 4amp—2.8 @  9mN= 13.28[13]. The m-meson form factor of the nucleon
" (4m2—t)(1-1/0.71)? is given by[14]
It is also necessary to include an additional factor which _Afr—mfr
takes into account the nonlocality of the Pomeron vertex Far= AZ—t ' ®
(101, i
0,2 with A=1.05 GeV. For ther exchange one has
Mo
R 4
2ud+mi—t’ @ T=29,q.0 \/3mvre+e‘ 29,2y, = GunlMy—1)
, . , 7agENN @em  (gP+t—md)(t—m,)
where u§=1.1 Ge\?. This formula was obtained under the
assumption that the effective quark-quark scattering ampli- ><gf;g\vlﬂ(pz)u(pl)Rg(s,t)FU(t)_ 9

tude induced by the Pomeron has the following form:
The parameters of the exchange are taken frorfil4]:

e L B m, = 0.55 GeV,g,qq=1/ =102
Tqu:'ﬁ%qyﬂqqyﬂq S_) o \90q9= L/3Jonny Jonn ,
g 2_ .32
i Fg.t = i U, (10)
<] ~ 2 a0~ D). © V=3

which is supported by the Landshoff-Nachtmann two—gluon\llqmh (z;?;i.([)lg]e\ﬁ. In Bgs. (7) and (10) the Regge factor

model of the Pomerofil2].
Since at HERMES the energy is not very high, it is also g\ @t 1+ g imal()

necessary to take into account the contribution from second- R(s,t)= (—) ra- a(t))T, (11

ary Reggeons. The most important Reggeons in the reaction

under consideration are the, o, andf, trajectories. The \yheres,=1 Ge\? anda(t) is the mesonic Regge trajectory

usual approach to estimate their contribution to vector meson

production is to fix their parameters from some low energy a(t)p =a'(t—-m2 ),

decay amplitudes and from fitting the total and differential '

elastic cross sections for vector meson producfi@hand ~ with slopea’~0.9 GeV 2.

[4]. Therefore the predictive power of such approaches is We will assume with Refd4] and[11] that the coupling

rather low. of f, to the quarks has the same form as that of the Pomeron
To avoid this problem, we calculate the contribution from (5). Therefore the formula for thé, amplitude is similar to

secondary Regge exchanges using only information exEq. (2) changing the parameters fx=3.5 GeV !, sp=1

tracted from proton-proton and proton-antiproton scatteringseV?, and the trajectory is nowg(t) =0.55+0.%. The val-

in analogy to the Donnachie-Landshoff approach to the calues of parameters have been obtained from a fit to the total

culation of the Pomeron contribution to vector meson pro-hadron-hadron cross sectiofil].
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FIG. 2. Contributions of hadronic exchanges to the total elastic FIG. 3. The calculated longitudinal double-spin asymmetry for
cross section op meson photoproduction. The experimental datap-meson electromagnetic production compared with the experimen-
are taken fronj16]. tal data from HERMES. The solid line corresponds to the Pomeron-

Reggeon fit of11]; the dashed line is for the fit of Reff17]. The

In a similar manner one can obtain the unnatural paritydotted line shows the contribution of ttfie-Pomeron interference
f1-trajectory contribution to th@-meson production ampli- for the parameters from the first fit1].
tude. Thef, interaction with the quarks is

high intercept, thé; anomalous trajectory, has a nonvanish-

Lfquzigfquayﬂyg,qff. ing contribgtion at HER_MES energies. Because of [ts un-

natural parity and negative signature, the corresponding am-
By using this coupling we have for the amplitude, plitude is proportional to the product of helicities of the
photon and the proton. Therefore the interference offthe
Th—24i [Bmylere- amplitude with the natural parity amplitudes leads to a non-
=AMy qqd1,NN Qem zero double spin asymmetry,
f;f,mﬁqﬁsl;sij/a( P2) vsysu(p1) _0127 032 (15
(a2 t=m)(t—m?) "ot o

(= a%+(d— D)% d— b me YE (1), (12 where oy, 3, are the cross sections fprmeson production
=9 (@=pv(a=py)m e, (t). (12 from different photon-proton helicity states. Because of the

In Eq. (13) the coupling off, to the quarksgfqu=gleN - large intercep'aflwl and negative signature, the amplitude

2.5, is fixed by using a constituent quark model and the resuff the f1 exchange is real with high accuracy. Therefore one
of the analysis of the proton spin problem witfipanoma- ~ ¢an expect that its interference with the nearly imaginary

lous exchange modé6]. The form factor is given by Pomeron amplitude is very small and its contribution to the
double-spin asymmetry is also small. At the same timefthe

amplitude contains a significant real part and, as conse-

Ffl(t)= >3 (13 quence, the main contribution to the double-spin asymmetry
(1_t/mf1) should come from the interference betweenfthand thef;
, exchanges.
with my, =1.285 GeV. Within our model all amplitudes have the sa@&depen-
dence and therefore the double-spin asymmetry does not de-
Ill. THE DOUBLE-SPIN ASYMMETRY pend on the value d?. In Fig. 3 we compare the contribu-

. . tion to the asymmetry from thé,-Pomeron(dotted ling,

The result of the caI(_:uIat|on of, o, ,f2' andf, contri- f,-f, (dashed-dot ling interferences and the total result
butlons_ to the total elastie photoproduction cross section as (solid line) with HERMES data for an average photon virtu-
a function of the photon energy ality (Q?=1.7 Ge\’. In the same figure we show the result

1 for a slightly different set of , trajectory parametefd 7] by
:—f dtiM, ¢ ¢ p|2 (14 @ dashed line. As one can see, the contribution of the
647S|Peml? ey f,-Pomeron interference is negative and rather small. The
main contribution comes, as it was to be expected, from the

are shown in Fig. 2. Our model describes the experimenta{,_f, interference and the total contribution explains the
data well without tuning the parameters. It is evident that forHERMES data within error bars.

HERMES kinematicsE ,~10-18 Ge\| 2], the main contri-
bution to the cross section comes from the Pomeronfand
exchange and the contributions framand o exchanges are
very small and therefore can be neglected. The contribution We propose a new mechanism to explain the double-spin
of the f; exchange near the meson production threshold is asymmetry inp-meson electromagnetic production off the
smaller than ther and o contributions. But due to the very nucleon at intermediate energies. This mechanism is related

0-71',(r,f2,f1,P

IV. CONCLUSION
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to the existence of a new anomalous unnatural parity, nega- We have shown that thig anomalous exchange gives the
tive signaturef,; Regge trajectory which was introduced re- biggest contribution to the spin-dependent cross sections of
cently in [5] to explain features of diffractive reactions at vector meson production, not only at very large enerfés
large momentum transfers and the anomalous behavior of thsut also in intermediate energy range.

spin-dependent structure functian (x,Q?). The interfer-

ence of thef; exchange with the natural parify secondary

Reggeon exchange gives the very large contribution to the ACKNOWLEDGMENTS
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