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1 Introduct:on

Bacly in i960's paypucwtis alreads Lol realized tist in high energy strong interaciions
the Regge trajectory with vacuem quantem sainber, pomeron (IP), plays a particular and
very important role for soft processes. cuch as energy dependence of Jeu(s) in h-h and h-}
collisions. the behavior of clustic diffezential cross section g at small | ¢ {,the single and
double diffractive dissociation processes, etc.{l]. However no ore at that time understood
what pomeron i, Since 1070s physicists have tried to stndy the nature of pomeron in the
framework of QCI¥. The popular conjecinre ia to consider the pomeron as a non-perturbative
malti-ginon system (2], however uc any real understanding has been obtained yet. In recent
years, on ihe other band, the groops 2t CERN harve reported about the clear observations of
the hard diffractive scattering phenonena in high eaergy p+p collisions: UA8 Collab. has
discovered high Pp-jets in difiractively pioduced high mass systems (3], while UA1 Collab.
has observed the diffractive prodacsion of beitom mesins [4]. These typical hard diffractive
events manifest in themselves that 2 pomeron Wwas radiated from the quasi-elastically forwazd
scattered proton {aati-proton) asd = hi::d parton levei scatiering occurred in IP-p (IP-p)
collisions. These vbservaiions corapelicd physicisis to try to explain the reaction mechanism,
and the issue of the partor stiuctuve 0l pomercn arces:.

So far there exist two appmaches for elncidating parton stracture of pomeron .One is the

model proposed by Tngzimarn and Schlelr {1-3), vhich fzliowed directly from early traditional

.
. T e oy e .
conjeciores o

wied s hz nopes oy s oaby comrposed of gluons {5]. In hard
diffractive scattering 2 7ents, 11 13 assamed in 1-5 model that the pomeron behaves essentially

45 o hadron and the concept of pomeron structure function is introduced. In addition it is
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assumed that the gluon distribation in the pomeron satisfies 2 momentum sam rule. Fritzsch
and Streng followed this line and even assumed that in small x region the behavior o this
gluon distribution may be the same as that in the nucleon [6]. The other model was proposed
by Donnachie and Landshoff {D-L) based on analyzing a lot of high energy soft processes.
especially considering the additive guark rule for total cross section and the comstruction of
field theory model about the pomeron (7]. They argued that phenomenologically the pomeror,
as a non-perturbative multi-gluon system, was rather like an isoscalar (C=+1) photon when
coupling to a quark or anti-quark. They have emphasized that, like a photon, the pomeroa
structure function consists of two pieces: one resembles that of a hadron (hadron-like part}
and may be dominated by mesons with vactum quantum number ( e.g. { mesoa 2t}
the other part (point-like part) is peculiar to the pomeron, whick is the same as that of a
photon. In the lowest order QCD the form of the point-like part can be calculated {rom a
box diagram. In addition, since the pomeron is not an on-shell particle, no mormenium sgin
rule for its parton distribution is asserted in D-L model.

The feasibility of experimentally testing these models has been discussed by using deep
inelastic scattering processes. Since gluon has no coupling with photon, the difference betwzen
two models is rather small and one could hardly draw any clear-cut conclasion to show which
model is based on correct mechanism {7].

In this paper we want to point out that an important difference between these two models
is in the hard subprocess vomirg {rom double pomeron exchange (DPE). It seems that vue

could expect to test the D-L model quantitatively by using above mentioned ” sub-exclusive”
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FRE > ok Ko v Ty (1)
witick peaduces J /¢ &~ m the Sqal stares dnestgl OPE mechanism, and X, X are the

diffractive dissociatien producss of p, pif} res ectively. In Sec.fl we give the formalism of

»

]

3.1, modei aad the cross seclons o1 1L denble difraciive dissocialion reactions. In Sec.III

we present the resuits ot the o 15] crrss sections in the reaction of Eq.(1) for the tetal c.m.

FER S I e o

eV tp z oY ond souie Giscassions about the comparison with the

o
)
x
g
N
oy
L
<
=
=
fen
4’

omeron tiodel and cross gections

L)
)
g
£

5oy
fead
9
it
y +
&
it
e %/
Y

3
??m‘
'*;3

of double diffraction in @ welusive reactions

In the lowest nwder of 4 foe twe Aegrame drawn i Fig.l and Fig.2 are important

{or the reactions of Sadli 1 he Galfd su

-

by

sproress srsociated with Fig.! is shown in Fig.3,
where tWo POIBEIUNS 50akis( ks i aved 3 photon through a charm-qusrk loop . The hard

subprocess associated with Frg.? s shown i Pig4, _where firsily the {wo pomerons annihilate

into a charmoninmn x . with yuantm ramber 3P, {1 = ¢ 1.2) and then the x; decays into J{¢
and a pheton. In caicwlating the vertes of J/¢, o and v, we have use colour singiet model
@Ppyaxrna,;)m \?@i EX g_x::—";"»f{‘,-é\“ nans Sﬁ} (i; ‘::ii'._eff‘ f}aé: Qi?ﬁj‘?ﬁp(}‘mﬁ?!@n C"‘:‘l‘.?ﬁl}g in D-L mod&i
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is the same as Yhui of g4 g -0 JIUE +{0]. It skould be anlic ced that the pomeron does not

covple to a comsercod CRTEMG SO Seme care must be taken for summing over the pomeron



polarization and this makes the algebraic manipalatics, . .p

process correspording to Fig. 1. Since in the dissociag e CEnhETin

variables, except for the global moments r: and pl, ar-

could factorize and integrate over these variables, T the differentiad cooss secunn for Fig.i

is obtained as

1 , - .
do = P (an )‘ \ 3 r ‘)}
$(p1 pa ) - my]d
. £} . d“’pf . __5{3‘9 L £2)
2B (27)5 2By 2w 2Ep(um)d 2ko{2r)® 7

where the 4-momenta are marked in the figares. According

o the vule of T-L model, the

matrix element M should be

M = Doplt3)Dp(ta)Mospc® 9 e = DD (1)1

where €?, €7 are the polarization vectors of IP and the photen res ectively, ¢
1 p p y &

¢} 18 the

effective propagator of the pomercn radiaied by the proton znd can be expressed as |7}

i

1 4 g 7as{f]
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separsieiy, Ea
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The factor 3 in Eq.(4) indicates that [P coupies with three gquarks in the prot

is the coupling constant of pomeron with quark, which, according to Ref. (101, is related 1o the

strength of the gluon condensation in thr non-periurbative GCD vacunm {Bo= 1.8 ot 71y,

p{t) = 0, (0) + o t is the Hnear expansion of Regge trajeciory for noraeron at smal (i) and

from data analysis a,{0) =1.085, G, 2228 GeV 2 Other symbols as &), =

Wiy R
3 Ay TR ORNg, Lig ~=

Pio — Pl are also marked in the figures. After some operation, the phase space elements of



finaj state variables p}, p} can be rewritten as

&y, &p! rés ‘ . 72
pullt 4 Sl 4 R r'.l'f;db-g{ﬁwldw;; Wi oo digdﬁgdfﬂldldj
2] 35 Alp )

Puiting Eqgs.(3) (4} into £q.{2) we get

S P IS € I PP &%k
) = — | dty j dt J3 di : j ’
o(=) i ] ‘J..ad’/%m,d“ Srm, 0L 2Ep (2w S 2ke(2n)
ABADt) PEIMP @+ a—-P -k . (5)

The lower limits of the integrals over t,(3 = 1,2) and the upper limits of the iategrals over
w, in Eq.(5) are determined by the kineiatic regions for diffractively produced pomerons.
By the definition of the diffractive production, it sheuld be satisfied that | ; [€ § < 5, in
common practice it is usually =ssumed that [ ¢ {<1 GeV? ) <1, B, =005/ M in Ea.(5)
is the sum of the matrix elemexnts of the hard subprocesses in whick the tera A4(%) is shown
in Fig.3, M® and M) correspond to its pessible crossings. 1a addition their anticlock-wise

quark loops give a factor 2. Therefore we have

M = N AP e (MD ¢ MO 4 2alh) oot eindere (6)

where according to ref.[11] the facter /¥ is meaut a3 5 reminder that we have neglected the
finite size (12] of pomeron and it has the same sappressioa > 70 un the amplitede asia ol {7]
where Donnachie- Landshoff have given a weil-defined Ansaty, the coupling between pomeron
and heavy or off-shell quarks bas a furm factor which goes like ud /(s +® - k*). (kis the
mementnm of the quash zad (o peiabsetsd uy 3 L Lo ¥ 13 idee taveise of pomeron’s cadius.)
Factor 4 is the "coupling constant™ between J{4 and the charm-quark, e, = 2¢ is the charge

of the charm-quark and F. is the colour space factor. It is shown in Eq.(4) that D(t) countains

e



a factor 33, which means B, should net appear in A, in the colour singlet model [8], the

J/y is treated as 2 nonrelativistic & Liund ssate ANA Wi Shadiig SReTEY between the charm

quarks is neglecied, so we bave 2m, = mj;. New we bave from i3

(0 - 8 oy fe

= s =Tr &g - P+ £t m Va8 - G ) - MY, 3 {7
afy (é—-m})(t—’ﬁ‘}) 1 L SRSCIVER i TRT-ALLY 11) C}A{.r, 3 \ )

where § = (q1 + @), {=(n -2V, s+ it t=mi b @+ dd. Altar making the {ollowing

interchanges in the Eq.7) g1 = @, o = & aaq g & -&, 8 = g, one abtains ihe

. ) L it _ PR CII .
expressions of /‘AE,; , and fv{fi, , Tom that o J\*’ifﬁ , | Tewpeziively.

In deriving the £ | A4 % 12 Faa.ih), vue shontd sum sver the polarization vecions of the

photon, J/+¢ and the pomercn respectively. For the photon and J{u , as usually, we have
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Hlowever, the pomeion does ot ceuple to # comsvivid current, so i the expression aboul
the sum over the polarization vecturs of the pomeron, as in the casc of a virtual photom, wo

adopted the tensor form arising from a ferinon current coupling with the pomerox

P ¥ bitap

T R E
Loeaiididey (ed = v -3
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fo =2 1,2) . iNn

ter tedivus algebraw wapipalatiogs W ool

tidaking an spection of i elfocuics phase spe e of high energy diffractuve processos, ane oukd alEays

the ¢; (i = 1,2) as zero in detiving the $ | AM i* whenever they appear in «n invariant in the cerabination

with other variables.
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where we used the approrimation in fooinoie (1}, se I { A4 1 is now independent of #; and

w, . After completing the integrals over v: weiables & and P, Bo.(3) becomes

(s) = = /odt P, 177 dn F a1 Doty )0, 10} ¥ 5 R R VR
o(s) = — a‘w [ RERS YIS di-—5 | MY L3}
) 8s5% J_1 lj-l z-lm]/'ﬁ m,v/.— ? ) ?) &} ‘ j (§-m%) i3 l ' } ( /
From Eq.(10) we have
f’ ISV MP = 256N?AFRI——(1 -/} lir =137 - 3777 - dr 4+ 1)
~(-mdy 23 N Vs
{»;r§‘§7‘+3f+1}£’ﬂ*§/f‘;-x“{.' -~ AWr 4+ } . i

where © = —’53- = 5—‘:;-3“—'1 Patiing Eqs.(4), {12} inte Eq.(11), we finally get the expression for
the double diffractive dissociation cross section corresponding to the Fig.1.

Now turning to the hard subprocesses IP + P ooy, = Jp oy, {7 =6,1,2), » simple
and reasonable way is to Givide she whole vrocess sni &9 sieps. Firstly, p + p(p) change to
7 + p(8} + x,; through DFE, and then y, decays into J/v zund 7. We shall direcily use the
roeasured braach ratios of the decays in the second siep,

Paralieling to the caleulatics of Fa(%). the cross section for p 4+ op) — p+ plf) +

through DPE is obtaired as
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In the center of mass systes Tt + po = 0, F, = £ = J3/0 we huve g s om

and ps - g1 = w15 — 11/2. Under ike spproximation of ihe o ILE tme roony
4-vectors ¢; and g are {w;, ., 0.0} and {wa, -, 6,10 . To iy

et al.[13] to our amplitude o1 IF + WP , . As before, iv the rolowr singlet sppeoadonntion

for x; (7 =0,1,2) states i
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and

F’(K = Cugn "';. o ‘J, Eﬁyp'\ = 4
1 1 )
b2 Cap€alf = ;{Qm S v E + CJuDQME SQ,‘chvﬁ ’

where

Paul?
Qur E —Gw ¥ —:nzy . (17)

In the Eq.(16) the coefiicient a = - m, \j 8rme (0) and ©'{0) dencies the derivative of the
wave function of x, at the origin in the cnordinate space. which cak be determined from s

by the expression

Putting Egs.(4),(2),(15) and (15} into £0.{14}, tedions algebraic manipaiations give the cross
sections of the processes p + p{i} — Xp + Xpp + X5

) n' 72 ’/10 .
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g i 2
1 1
Nty 8 P = —- (83 - 3P+ 8mint(h + L)+ O
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The total cross section oi all LdC procerses corresponding te the Fig.2 is
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where the brarch ratios are {13}

X&

E‘E/v*ﬂ e R
~ %3 e

Ulia

S i)y {21)

In Eqs.(10) and (18). wi nav. swhen ahe supprescor oo A7

Ul oAk den my o= 30

GeV,m;=m,, =33 GeV, (§ = 4,15

o’

2 Results and discussions

In this paper we have {ennulated the hard ditiraciive disscclaiion processes ¢ + p{f) —
X, 4+ Xy + J[% + v within the pomacron model of Dontschie-Lundsheff and have evaluated

the cross sections for the total c.oe suerzy /5 from 2 o b 1o 20 Te W, The regults are shows

o

B v Py

in the Fig. 5. The curve labeled F is the oxtribution fom the susprocess as shown in the

Fig.3, the curves labeied 7 = €, 2,2 wae ulions fiors culproczeses with the intermediate

states Yo, Y1, anud a2, respectiveiy, as shown 1o Fip 4. The sum of thews x|

Xy

stases is the carve

. The total contribution, AR g Cin the whole ewersy tapse s always less than 70 nb.

R

Comparing 't with that of typical siiong prneesses | the shove cross sectiors ave rather small,

However, we should not be surprised a: b sine e they jusy come from the coninibations of DPE
ruechanism and D-L pomevon wodel ©0 5 lateiestang to compaze 73 ){(s) with those croas

sections evaluated frown the difraciios welumive processes o4 p(py — X 4 Y 4 djd 4+~ X

within I-3 model, U3 Fevisnan gy s choww o Pirg & W Lo cwdnated 105 the totad

\ EL e

B g e vamepas mon T
RS S FE R S I T

energy very fast at omtset, them vaiies as (fns)’ alier /s beyond 500 G2V wnd approaches

to O(10° )b at /s = 20 TeV . almust twe ceders of the maguituie lorper b - 7700 5



it seeny that in DPE mechamisi of J/4 & o procuction, the cross sections {rom D-1. model
would be overwhelzied by that uf -5 madel sud it looks experimenislly very hard to test D-L
modei in such reactions. However, it 35 in fuct not the cazs. if we inspect the products in the
iP-1P collision (where the pomerons come from DPE raechanism),inztead of the inclasive one
P+ AP = JlY 4+ X in -5 model where it is assamaed that the séiracture of [P in high
energy collisions is the same as that of the nucleon, one vould get just an exclusive reacticn IP
+ IP — J/t + v in D-L model. & hereiore if oav in vestigates the rapidity distribution of the
final state particles, Eq. (1) may be a useini tzaction to tost the D-L mode) expenmentally.
Although the cross sections are raiher small as menticred, there wmay still be some advantages
{or the test:

1) The major point of inspeciing the distribution of fnal siate parircles should be con-
ceutrated on the central part of the rapidity. $rom the sob-niocesses in DL nodel as shown
in the Fig.3 and the Fig.4, and {rom the kinemstics, we know that there musi he a large gap
in the rapidity region betwesn /vy and the photon, i.c. between their decaying products °.
However, for I-S model in the incinsive processes as showa in ke Fig.6, axcept for J{y and
the photon, the remnanis in the Snal states of IF 4 I sub-system would shace the energy
and momentum continuousiy and therefore no distinct gap wousdl smerge.

2) It is a crucial problem of L model i3 igno. . the coupling between pomeren and
charm-quark for beih inclusive snd exclusive processes. in former case it is veflected in the

anaetermined charm-gu

¥ course, for either sxei

5 at high energies, there are

slways iarge gaps in the rapidity distniations between the diffractiveiy scattered protens (or the diffractive

Jdsseeisted preducts) and other firal state particles.
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unknown suppression factor N? as in Egs.(10) and (18), where we have taken a rather small
value N2=0.01. However, if this factor could be increased or even removed { the coupling
between IP and charm-quark seems to be point like ), then our results would increase two
orders of the magnitude. In conclusion, it is expected that under the luminosities reached
by SppS and will be designed in LHC, after several months of data accumulation, one could

implement such experiments. Therefore, the above hard diffractive dissociation process could

be a hopeful means to test D-L pomeron model.
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Figure Captiox:

Fig.1 Feynman diagram of e Yap oy gt aaes Dgte i b mn
loop}

Fig.2 Feynmaxn diugras ’ Eg v poonris b
staies)

Fig.3 Hard subprocess diagzam of Fig. 1. [the dushedline wrans vom T4
approximation have been used on J/y ~late;

Fig.4 Hard subprocess diagrams oi Fig.o, (ihe dastied Une meamd Rumeofoaiiad s e
singlet approximaiion aave neen sied ou g, stales:

Fig.5 Total cross section: corimbreed from varions haxd due g

Fig.6 Feynman dinguin v g Y . L e e

the bulb labeled 7z means hara subprocess shown in Fig.} and Fig 2






