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· The diffractive events w;ith a large rapidity gap in deep inelastic lepton-proton scat-
tering · 

1 e + p ➔ e' + p' + X (1) 

have recently been investigated (see, e.g. [1, 21). These experiments have given 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 reactions (1) is described usually in terms of 'the kine
matic: variables 

Q2 = -q2 
7 

t = T2 y 

y = pq' X = 2Q2., Xp :::: q(p - p'), /J = ~, 
PIP pq qp x,; (2) 

where p,;p/ and p;p' are the initial and final lepton and proton momenta, respectively, 
q = Pl - pf, T = p - p' are the virtual photon and pomeron moment~. . . . 

The cross section of this reacti~n is related to the diffractive ;fructure function 
J4 •• 2 2 . ' 

· a -u . · 41ra . . Y D(4) • 2 · 
d31dQ 2dx;,dt = xQ4 [l - y :" 2]F2 (x, Q 'Xp; t), · (3) 

which is determined by th~ p~meron contribut.ion and usually represented at small xp in 
the factorized form . _ 

Ff(")(x,Q2,xp,t) = f(xp,t)Fi(/3,Q2,t). (4) 

Here f(xp, t) is the pomeron flux factor and Ff'(/3, Q2, t) is the pomeron structure function. 
The fu~ction f(xp, t) atsmaH Xp behaves as [3] . 

f(xp; t) <X x;a:(t)~l' · (5) 

where ap(t) is the pomeron trajectory 

· ai,(t) = ap(0)+ a't, a'= 0.25(GeV)-2
• (6) 

The future polarized diffractive experiments 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 experiment 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 angl; of about 200-250 Mrad. · · 
The question on the value ·of t~e spin-flip component of the pomeron should be very 

important for the diffra.ctive scattering of polarized particles. In the nonperturbative two
gluon exchange model (6] and the BFKL _model [7] the pomeron couplings have a simple 
matrix structure (the sta~dard coupling in what follows): 

V1:.p = /JhhP ,". (7) 

In this case, the spin-flip effects are suppressed as a power of s. 

111-.-----.-1 I -.--..---.I I lfflT 
1 

.. .. . I I 

l 
i 
1 

i 

l 
\ 

l 
l 
l 

l 

·.i+. 

·l 
1 

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.I) should. complicate the structures of the pomeron coupling. 
Really, if we consider the gluon loop correction of Fig.la for the standard pomeron vertex 
(7) and the massless quark, we obtain in addition to the 1,,. term, new structures 

'Ya(~+ r/hµ.f'Ya ~ -2(2~~ + ~}kµ. + it:1">/jpkor.B"fp"fs], (8) 

where k is a quark momentum, r is a momentum transfer. The perturbative calculations 
[8] of both graphs, Fig.I, give the following form for this vertex: 

V~p(k, r) = 1 µ.uo + 2Mqk,,.u1 + 2k,,.~u2 + iu3t:µ.a/Ipk0 rnp'Y5 + iMqu4u,,."r0 , (9) 

where Mq is the quark mass. We shall call the form (9) the spin-dependent pomeron 
coupling. It has been shown (10] that the functions u1(r) - u4(r) can reach 20 - 30% of 
the standard pomeron term"" 1,,. for lr21 ~ few GeV2

• Moreover, they result in the spin
flip effect at the quark-pomeron vertex in contrast with the term 1,,.. So, the loop diagrams 
lead to a complicated spin structure of the pomeron couplings. The phenomenological 
vertex V~p with the 1,,. and u1 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 xp, 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 Au asymmetry in the light quark production in deep inelastic lp 
scattering, Fig.2, is dependent on the pomeron couP,ling 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 ki and their sensitivity to the quark-pomeron 
coupling structure have be.en studied in [16]. · · 

In this paper, we analyze the effects of the quark-pomeron coupling in the polarized 
diffractive e + p ➔ e' + p' + QQ reaction at the energy ,Is= 20GeV. We estimate the 
cross section, the longitudinal double-spin asymmetry Au 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] 

d5u(-+) d5u(-+) 
u~)= • + • = 

dxdydxpdtdki dxdydxpdtdki 
3(1 - y + y2 /2)/3~Fjt)2[9}:; el]a2 N(/3, ki, Xp, t) 

128x;"p(tlyQ21r3 J1..:.. 4ki/3/Q2(ki + M3)2 
(10) 

Here u(;;) and u(;) are the cross sections with parallel and antiparallel longitudinal 
polarization of the leptons and protons, /Jo is the quark-pomeron coupling, F(t) is the 
pomeron-proton form factor, e; are the quark charges. The leading Xp dependence is 

,r 
f. Otn.ta:;11:t;~n r.t~iJi? , 
~ 1m-eisnidx uccJ1~ . .ila~;u1t,~ fi 
L. 6W6JJ~10T_~f1A \ 



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(/3, kf, t) = N'(/3, ki, t) + 5N(f3, ki, t). (11) 

Here N• is the contribution of the standard pomeron vertex (7) and 5N contains the 
contribution of the u1(r)-u4(r) terms from (9). For N' in the case of liglit qua.rks:irn the 
loop and Xp = 0 we find 

N'(/3, ki, t) = 32[2(1 - fJ)kf - fJltl]ltl. ~.1:2, 

The form of 5N is more complicated. We have found it in the f3 ➔ O' limit .. Fm: tlie 
massless quarks only the U3 terms contribute to 5N: 

5N(ki, t) = 32kf ltl[(kf + 4.cfJtf + ft12}u3 - 4kf - 2jtl]ua;.. (fill) 

Note that 5N is positive because u3 :;; 0. Higher twist terms of an ordei:-ofi· M~/(!J2 and: 
1tl/Q2 have been dropped in (12,13). 

The difference of the cr~ss section for the supercritical pomeron cam &e·w.ritt.en, iru t1ln 
form 

d5o{-), d5a( .... ) 
LlaOO= • - • -dxclycl:r11dtdtj_ d:r:dyclxpdtdk'i_ 

· 3(2 - y)~F(t)2[9 Li ef}a2 A(ft:.,kl_,xp, t) 
128r;,rp(t)-1Q2,r3 J1 -4Fqj3/Q2(k'i_ + M3}2 ' .. 

((14) 

The notation here is similar to that used! in E'lfl. (10}. 
The function A is qetermined by the trac.e o-.rer- the quark loopi. Ii11 can be \¥ri:U.en in 

the Xp ➔ 0 limit as follows: 

A(P, ki, t} = A'(.6.~.t} + 5A({3, ki, t). (15) 

Here A' is the contribution of the standard pomeron vertex (7) and' &A is determined by 
the u1(r)-u4(r) terms from (9). 

The function A' for the light quarks looks like 

A"(.B, ki, t) = 16(2{1 - /J)kf - ltl/J)ltJ. 

We have calculated 5A in the /3 ➔ 0 limit. For the massless quarks we have 

M(/3, ki, t) = -16(3kf +21tl)kf 1tl"'3-

The leading twist terms have been calculated here as previ011sly. 

(16) 

(17) 

It can be seen· that. a has a more singular behaviour· than 5a as Xp ➔ 0. This is 
determined by the fact that the leading term in 5a is proportional to t.""0 /Jr/3·•· ex: x 11p. 
The same is true for the lept~n part of the diagram of Fig.1. As a result, the additional 
term yxp appears in 5a. 
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We calculate the cross section integrated over momentum transfer because it is difficult 
to detect the recoil proton in COMPASS detector 

a[Lla) = t dta(t)[Lla(t)], ltml = 7(GeV)2
• 

'= 
(18) 

The exponential form of the proton form factor F(t) = eb1 with b = I.9(GeV)-2 has been 
used. 

As an example, we calculate the cross•sections and asymmetry for fl = 0.175,y = 
0.7,x11 = 0.1 and Q2 = 5GeV2

• The results for the cross section of the light quark pro
duction in diffractive deep inelastic scattering for the pomeron with the pomeron intercept 
o:p(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 

Lla a(;) - a(;;) 
Au= -;;- = a(;)+ a(;). ( 19) 

The asymmetry of the diffractive light QQ production is shown in Fig. 4. It can be see11 
from the cross section (14,10) that the asymmetry for the standard quark-pomeron vertex 
is very simple in form 

A = yxp(2 - y) ("'0) 
II 2- 2y + y2· -

There is no any k.1.. and ,8 dependence here. For the spin-dependent pomeron coupling 
the asymmetry is more complicated because of different contributions _to tSA and tS.Y 
proportional to k'i_. In this case the Au asymmetry is smaller than for the standard 
pomeron vertex. Thus, the Au asymmetry can be used to test the quark-pomeron coupling 
structure. 

Let us estimate now the kinematics of jet events. The jet momenta are: 

ii = q - k, h = r + k. (21) 

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

q = (yvs, Js2 ,ift), Iii.ti= J(I - y)Q2. (22) 

The transverse momentum r can be written as follows 

r = ( 11 ,xp..fi,r.i.), lr.1..I = /(I - xP)ltl. (2:J) 

From the mass-shell conditions for jet momenta R = jJ = M3 the quark mom<>ntum i
has been found to be 

k ~ (<r.1.. + k.1..)2 + M3 yQ2 + (ift - k.1..)2 + M3 k- ) 
- r. ' r. ,.J... ySXp ysy (2·1) 
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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) 

2 2 ) 'f -yxps-k.1.-MQ . (0Jl my(k.1.-iiJ...) 2 

PJi ~ ------~, sm -
2 

~ -'------; 
2xpm . ys 

m
2 + MJ + kl . (0J2 ) mxp Pn ~ ---~--, sm - ~ ---;========. 

2xpm 2 Jm2 + MJ + ki 

Here m is' the proton mass. The invariant mass of a produced system is 

MJJet = Xpys. 

(25) 

(26) 

The momenta and jet angles for ,/s = 20GeV, Xp = O.l, y = 0.7 and Q2 = 5GeV2 are 
shown in Figs 5,6 for the azimuth angle between the lepton scattering plane and k.1. 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-pomeron coupling should modify 

the spin average and spin-dependent cross section. The spin-dependent form of \!;
11

p 

almost twice increases the cross section. However, the sh.ape of the cross sections is very 
similar for the standard and spin-dependent pomeron vertices. The Au asymmetry is 
more convenient to test the porrieron coupling structure. The asymmetry is free from 
normalization factors and.is sensitive to the dynamics of pomeron interadiori. We have 
found a well-defined prediction for Au for the standard pomeron vertex. This conclusion 
is· similar to the r~sults of [9] where the single-spin asymmetry in the diffractive QQ 
production has been studied. , 

The predicted cross sections are not small for the experimental investigation of this 
reaction. Our 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 
cro~s section of the diffractive deep inelastic scattering at the new spectrometer of the 
COMPASS Collaboration at CERN can give important information about the compli
c.ated 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. 
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Fig.1 Gluon-loop contribution to the quark-pomeron coupling. Broken line -the 
pomeron exchange. 

Pi p', 

p p' 

Fig.2 Diffractive Q(J production in deep inelastic scattering 
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Fig.3. ki- dependence of cross-sections at vs= 20(GeV). Solid line -for the standard 
vertex; dot-dashed line -for the spin-dependent quark-pomeron vertex. 
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Fig.4. ki- dependence of An asymmetry at vs= 20(GeV). Solid line -for the standard 
vertex; dot-dashed line -for the spin-dependent qnark-pomeron vertex. 
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J1ccJieAOBaHO AJiCppaKUHOHHOe pm1meu11e QQ nap. u· KHlleMaTHKa CTpyfi B KO
ue~IHOM cocrn»u11n s no.ii»p11JoBaHHOM rny6oKoueynpyroM nemou-npornuuoM pac
'ce}IHHH npu 3uepnm ·--r; = 20 f3B. TToKaJauo, 'ITO 3Ta peaKUH» M0)KeT 6b1Tb 
ncnonbJoBatta ua uosoM cneKTpOMeTpe COMPASS KOJIJ1a6opai..um s U.EPHe 
AJI» HJ)"leHH» CTPYKTYPbI irnapK-noMepouuofi BepUIHHbi. ' 

Pa6oTa Bbmonueua B Ila6opayop1111 TeoperntJecKofi qnn11Ku HM.H:H.Eoromo6o-
sa 0115111. · · · 

ITpenpHHT. Ofu,eJ1tttte1111oro HH~HT}'Ta llJlepttblX 11cCJieJ1oeai-mii. ,lly611a, .19_96 
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- We analyse the diffractive QQ production and final jet Icine~atics in polarized 
deep-inelastic lp ·scattering at {; = 20 GeV. We show that this reaction can be used I/, · 
in the n~w spectrometer of the COMPASS Collaboration at CERN to study 
the quark-pometon coupling structure. 
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