


the fa.ctorlzed form

" The drffractrve events wrth a large raprdxty gap in deep 1nela.st1c lepton~proton scat- . =

termg ) S . R
. :e+p-+e+p X -
“have recently been 1nvest1gated (see, e. g [1 2]). These expenments have glven an excel-
lent tool to test the structure of the pomeron and its couplings. As a result the study of
the pomeron properties becomes again popular now. :
~The diffractive lepton-proton reactlons 1) is descnbed usua.lly in terms of ‘the kxne-
" matic varlables : . :
T e »Q2'='-—‘q2‘te—r2‘,,,_
~n @ _de=p) g

I T qp,, , zp

: where pz,p’ and p, p are the mrtra.l and final lepton and proton momenta, respectlvely,

9=p- pi,r = p—p' are the v1rtual photon and pomeron momenta.
.- The ‘cross sectron of this reactron is related to the dlffractrve sfructure functlon
: dic
d:ch’d:cpdt : :cQ‘

: whxch is determrned by the pomeron contnbutron a.nd usua.lly represented at small ::p in

" Here f(zpyt) is the pomeron flux factor and FF(B,Q% t) is the pomeron structure functlon
The functlon f (z:p, t) at small Zp behaves as [3] :
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: where ap(t) is the pomeron trajectory S
: ap(t)=ap(0)+at a _ozs(c:evr2 e

The future polarlzed diffractive expenments at DESY CERN and Brookhaven (4]
might give the possibility to study the spin structure of the pomeron. .One of the places-
-to perform such an experrment is the future detector of the COMPASS collaboration at

‘ CERN [5] which will use the polarized muon beam and fixed polarized hadron target.
~. The important feature of COMPASS is the possibility to 'detect the hadron component

of the process within an a.ngle of about 200-250 Mrad. -

- The question onthe value of the spin-flip component of the pomeron should be very
‘important for the diffractive scattering of polarized particles. In the nonperturbatrve two-
. gluon exchange ‘model [6] and the BFKL model {7] the pomeron couplmgs have a srmple

. ma.trrx structure (the standa.rd couplxng in what follows)
o Vp—ﬁ;.;.P’Y TR )

) S

: ~In thrs ca.se, the sprn-ﬁlp effects are suppressed as a power of s.

- y+—1F2”“’(z @ ip,t), e

: FD“)(z Q2 z:p,t) - f(Ip,t)ng(ﬂ, QZ t) ', - (4) .
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It was shown in [8, 9] that in addition to the standard pomeron vertex (7) determined
by the diagrams where gluons interact with one quark in the hadron [6], the large-distance
gluon-loop effects (see Fig.1) should complicate the structures of the pomeron coupling.
Really, if we consider the gluon loop correction of Fig.1a for the standard pomeron vertex
(7) and the massless quark, we obtain in addition to the v, term, new structures

T+l = 2R+ DR i, @
where k is a quark momentum, r is a momentum transfer. The perturbative calculations
[8] of both graphs, Fig.1, give the following form for this vertex:

Vip (ko) = 7uo + 2Mok*uy + 2k*Fus + tuae™ P kargy,7s + iMquacra,  (9)

where Mg is the quark mass. We shall call the form (9) the spin-dependent pomeron
coupling. It has been shown [10] that the functions u;(r) — u4(r) can reach 20 — 30% of
the standard pomeron term ~ 7, for [r?| ~ few GeV?. Moreover, they result in the spin-
flip effect at the quark-pomeron vertex in contrast with the term . So, the loop diagrams
lead to a complicated spin structure of the pomeron couplings. The phenomenological
vertex V,,p with the 7, and u; terms was proposed in {11]. The modification of the
standard pomeron vertex (7) might be obtained from the instanton contribution [12].

The test of the spin properties of the pomeron coupling can be done in future polarized
experiments. At small z,, the contribution where all the energy of the pomeron goes into
the QQ production [13, 14] might be very important.  The role of these contributions
in the spin asymmetries of diffractive two-jet production has been studied in [9, 15]. It
has been found that the A; asymmetry in the light quark production in deep inelastic Ip
scattering, Fig.2, is dependent on the pomeron coupling structure. This asymmetry. for
cross sections integrated over the transverse momentum of jet could reach 10 — 20% [15].
The dependence of polarized cross sections and double-spin longitudinal asymmetry on
the transverse momentum of a produced jet k3 and their sensitivity to the quark—pomeron
coupling structure have been studied in [16]. ' '

In this paper, we analyze the effects of the quark-pomeron coupling in the polarized
diffractive e + p — €' + p' + QQ reaction at the energy +/3 = 20GeV. We estimate the
cross section, the longitudinal double-spin asymmetry Ay and the kinematics of the final
jet to show that these events can be studied at future spectrometer of the COMPASS
Collaboration [5].

The diffractive light QQ production in lepton-proton reaction is determined by the
diagram of Fig. 2. The spin-average cross section can be written in the form [16]

sy PG EoG)
" dzdydz,dtdk? ' dzdydz,dtdk? ~
31-y+ y2/2)ﬁ3F(t)2[9 i efla? N(B, ki,:}:p, t)
1282;°* Wy Q2n3 V1—4k1B/Q* (K] + M3
Here o(3) and o(2) are the cross sections with parallel and antiparallel longitudinal

polarization of the leptons and protons, g is the quark—pomeron coupling, F(t) is the
pomeron-proton form factor, e; are the quark charges. The leading z, dependence is

(10)

me\r

' GLERLuTH 2eft “u:i-g'w
fuBeunX BcoaeontEnd |
E__ msnmmm v




extracted in the coefficient of Eq.(10) which is determined by the pomeron flux factor (5).
The trace over the quark loop =N may be decomposed as follows

N(B,k,t) = N'(B,k1,t) + 6N(B, kL, 1). - (11)

Here N* is the contribution of the standard i)omeron vertex (7) and &N contains the
contribution of the u;(r) — us(r) terms from (9). For N? in the case of light quarks:in the
loop and z, = 0 we find

N*(B,k1,t) = 32[2(1 - B)kL — Bltlllel. (12)

The form of 6N is more complicated. We have found it in the § — 0 limit. For the:
massless quarks only the us terms contribute to §V::

BN (K2, 1) = 3242 [(RS + 4RIt} + [t)us — 4k2 — 2lt]us. (13)

Note'that 6N is pbsftive because uz < 0. Higher twist terms of an order off M3/@* and.
[t]/@? have been dropped in (12,13). ‘ ‘ .

" The difference of the cross section for the supereritical pomeron can; be' written: i the
form - : T ' ‘ ‘

Foll) o (3)

Ao) = T dydz,dtdiy ~ dedydz,didls
) 3(2 - y)ﬂ;F(t)zlg ri eHaz A(ﬂr ki: Tpy t) (@14)
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The notation here is similar to that used in Egs. (18)- :
The function" A is determined by the trace over the quark loop:. It can be written in

the z, — 0 limit as follows:
A(B, K], t) = A'(B, 1,8} + 6A(B,k1,1). (15)

Here A? is the contribution of t_.he standard pomeron vertex (7) and 8A is determined by
the u1(r) — uy(r) terms from (9). _
“The function A® for the light quarks looks like

(A'(B, KL, 1) = 16(2(1 — B)k] — [tIB)[t)- - (16)
We have calculated 64 in the B — 0 limit. For the massless quarks we have
SA(B,K1,t) = —16(3KkT + 2[t])k] [t]us. (17)

The leading twist terms have been calculated here as previously.

It can be'seen that ¢ has 'a more singular behaviour than 6o as z, — 0. This is
determined by the fact that the leading term in 8o is proportional to €¥*frg... o z,p.
The same is true for the lepton part of the diagram of Fig.1. As a result, the additional

- term yz, appears in 0.

We calculate the cross section integrated over momentum transfer because it is difficult
to detect the recoil proton in COMPASS detector )

o{Ao] = /‘: dto(O)Ac(t)], |tm] = (GeV)?. (18)

Tht:jexponential form of the proton form factor F(t) = eb* with b = 1.9(GeV)~? has been
used.

As an example, we calculate the cross*sections and asymmetry for § = 0.175,y =
0.7,z, = 0.1 and Q* = 5GeV?2. The results for the cross section of the light quark pro-
duction in diffractive deep inelastic scattering for the pomeron with the pomeron intercept
ap(0) = 1.1 are shown in Fig. 3 for the standard and spin-dependent pomeron couplings.
The shape of both the curves is very similar and for the spin-dependent pomeron coupling
the cross section is almost twice that for the standard pomeron coupling.

The longitudinal double spin asymmetry is determined by the relation

Qs _o(2)-a(3)

TAp = = .
o o(3)+0(2)

(19)

The asymmetry of the diffractive light QQ production is shown in Fig. 4. It can be seen
from the cross section (14,10) that the asymmetry for the standard quark-pomeron vertex
is very simple in form
Ay = ¥o(2-y)
2-2y+y?
There is no any .k L and 8 dependence here. For the spin-dependent pomeron coupling
the asy.mmetry is more complicated because of different contributions to 84 and 8.V
proportional to k. In this case the A, asymmetry is smaller than for the standard
pomeron vertex. Thus, the A; asymmetry can be used to test the quark-pomeron coupling
structure.
Let us estimate now the kinematics of jet events. The jet momenta are:

(20)

jl=q—ks j2=r+k. (21)

The photon momentum can be written in the center-mass system in the form

02
9= (y\/‘;r "\/Q?,él) ’ Iq-.l, =y (l - y)Q2_ (2-)')

The transverse momentum r can be written as follows

-t
re (%zf) Il = A=)l (23)

From the mass-shell conditions for jet momenta == M3 the quark momentum &
has been found to be

. ((FL+EL)’+M3 Y@ (@R Mg )

\/.;z,, ? ﬁy P AL (2‘1)




In (22-24) the light-cone variables have been used.
The jet momenta and its angles in the rest system of the initial proton can be expressed
in terms of (22-24)

— M2 I -
Py~ yzps — ki MQ’ sin ﬂJ_l ~ myf(kL — q1) : (25)
2z,m 2 . ys
2y MEAE 0
Py~ M’ sin (ﬂ) ~—
2z,m 2 /m? + M3+ k2

Here m is the proton mass. The invariant mass of a produced system is
My = Zpys. ‘ (26)

The momenta and jet angles for /s = 20GeV,z, = 0.1,y = 0.7 and Q? = 5GeV? are
shown in Figs 5,6 for the azimuth angle between the lepton scattering plane and k; is
equal to 90 degree. It is seen that both jets can be detected by the COMPASS detector
whose angular acceptance is about 200-250Mrad.

Thus, we have found that the structure of the quark—pdmeron coupling should modify
the spin average and spin-dependent cross section. The spin—dependent form of Vp
almost twice increases the cross section. However, the shape of the cross sections is very
similar for the standard and spin-dependent pomeron vertices. The Ay asymmetry is
more convenient to test the pofiieron coupling structure. The asymmetry is free from
normalization factors and is sensitive to the dynamics of pomeron interaction. We have
found a well-defined prediction for Ay for the standard pomeron vertex. This conclusion
is similar to the results of [9] where the single-spin asymmetry in the diffractive QO
production has been studied. }

The predicted cross sections are not small for the experimental investigation of this
reaction. Qur analysis of jet kinematics shows that they might be detectable by the
COMPASS spectrometer. There is no possibility to detect the final proton. However, the
analysis of the diffractive events similar to that done in HERA experiments [1, 2] can be
performed in this case, too.

We can conclude that the study of the longitudinal double spin asymmetry and the
cross section of the diffractive deep inelastic scattering at the new spectrometer of the
COMPASS Collaboration at CERN can give 1mp0rtant information about the compli-
cated spin structure or the pomeron coupling.

The author expresses his deep gratitude to A.V.Efremov, M.Finger, G.Mallot, P.Kroll,
W.-D.Nowak, I.A.Savin, A.Schafer and O.V.Teryaev for fruitful discussions.

Fig.1 Gluon-loop contribution to the quark-pomeron coupling. Broken line -the
pomeron exchange. '
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Fig.2 Diffractive Q@ production in deep inelastic scattering
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Fig.3. ki- dependence of cross-sections at /s = 20(GeV). Solid line -for the standard Fig.5' k%~ dependence of jefl momenta. Solid and dbt-dashed line -for jet] and jei2

vertex; dot-dashed line -for the spin-dependent quark-pomeron vertex. respectively.
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Fig.4. k- dependence of Ay asymmetry at /3 = 20(GeV'). Solid line -for the standard

vertex; dot-dashed line -for the spin-dependent quark-pomeron vertex.

Fig.6 k}- dependence of jet angles. Solid and dot-dashed line -for jet1 and jet2

respectively.
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Tonockokos C.B. : .
O BO3MOXHOCTH uayqemm CprKTypbl xaapx nomepounou BCplllHHbl
Ha cnex'rpome'rpe COMPASS :

. E2-961462

U

Idccnenoaano nmbpaxuuonnoe poxmerme QQ nap M KuHemarHka cr'pyu B KO-

\He‘-lHOM COCTOSHUH B NONSAPH3OBAHHOM rny60xoueynpymm JIENTOH-NPOTOHHOM pac-
‘CesHUH npu 3HEPr1H \/_ 20 TsB. Tloka3aHo, 4TO 3Ta peakuHs MOXeT ObiTb

HCTONK30BAHA 'HA “HOBOM cnex’rpomerpe COMPASS xon.na60pa1.um B LlEPHe
ans uayqeumr C‘prKTypbl KBapK noniepounou aepumnm o :

Pa60'ra Bbmonueua B JIaGoparopmr reoperntrecxou qnmncn UM, H H BoromoGo-

A Y 3

" Mpenprnt OGbeauHentOM MHCTHTYTa sepHbIX ccrenosanuii. dyGua, 1996

‘Goloskokov S. V . BOR S :
On Possible Study of Quark-Pomeron Couphng Structure S
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at the COMPASS Spectrometer

We analyse the drffractrve QQ productron and ﬁnal Jet krnematrcs in polanzed i

deep-inelastic Ip scattenng atVs = 20 GeV. We show that this reaction can be used
in" the. new spectrometer - of the. COMPASS Collaboratron at CERN to study'
the quark-pomeron couplrng structure , : -

- The 1nvest1gatron has been performed at the Bogolrubov Laboratory

‘of Theoretrcal Physrcs JINR R
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