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In this note we report on calculations of the survival probability of the large Iapidity gap (LRG) processes and its energy

behaviour.

1. INTRODUCTION

In this note we consider reaction

p+p+ (1)

X1 +jetl(yl, pl,t << p) +[LRG] +je~2(p2,t << H) +X2 ,

where LRG denotes the large rapidity gap between
produced particles and X corresponds to a system of
hadrons with masses much smaller than the total en-
ergy.

The story of LRG processes started from Refs. [l-
3], where it was noticed that these processes give us
a lmique way to measure high energy asymptotic at
short distances. Indeed, at first sight the experimental
observable

f,., =
O( dijet production with LRG )

ainclu~ive( dijet production)
(2)

is directly related to the so called “hard” Pomeron ex-
change. However, this is not the case and the fac-

(1&wnsstrdkMJ (AY = [YI-YZI [2)X(!s.pe.,atom(s) [2)

which have different meanings.

1.

2.

(1&wts.trcd&mg 12) is probability that the LRG
will not be filled by emission of bremsstrahlung
gluons ~~om partons, taking part in the “hard”
interaction ( see fig l-a). This factor is certainly
important and has been calculated in pQCD in
Refs. ~1,5,10]. We are not going to discuss it
here;

(1 sspe~t~t~,l l’) is related to probability that ev-
ery ,pm-ion with xi > xl will have no inelastic
interaction with any parton with x < X2 ( see
fig. l-b). The situation with our knowle~ge of
this survival probability is the main goal of this
paper.

tor ( survival probability (I S 12) appears between
“hard Pomeron exchange and the experimental
servable.

the
ob-

2. Q&A
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Actually, this factor (1 S 12) is a product of two
survival probabilities

(] s y) = (3)
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Q: Have we developed a theory fcr (] S.p..t.t...(S) [2

)?

A: No, there are only models on the market (see
Refs. [6-10]).

Q: Can we give a reliable estimates for the value of
(1 Sspectahr 12) ?

A: No, we have only rough estimates based on the
Eikonal - type models.

Q: Can we give a reliable estimates for the energy
behaviour of (1S.P,ctatOr [2) ?

A: No, but we understood that (1 S~P,Ct.tOr12)could
steeply decreases with energy.

Q: Why are you talking about (1 S,P,CLatOr]2) if YOU

can do nothing ?
A: Because dealing with models we learned what

questions we should ask experirnentalists to improve
our estimate and what problems we need to solve the-
oretically tc) provide reliable estimates.
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Fig. l-b

Figure 1. Two sources ofs urvivcdprobability: (a) emis-
sion of gluons from the partons taking parts in “hard”
interaction and (b) emission due to “soft” interaction
of spectator quarks ( partons ).

3. EIKONAL-TYPE MODELS

3.1. Eikonal model
In eikonal model we assumed that the correct de-

grees of freedom at high energies are hadrons, and,
therefore, the scattering amplitude is diagonal in the
hadron basis. Practically, it means [6] that we assume
that the ratio #D /ael ‘ << 1. In this model the uni-
tarity constraint looks simple, namely,

Imael(s, b) =1 aet(s, b) 12 + Gin(s, b) , (4)

which has solution in terms of arbitrary real function
- opacity 0(s, b):

(5)

Gin(s, b) = 1 – e-o(s”b) ; (6)
,

f)(S,b) = v(s) e– ‘:~sJ ; (7)

where Eq. (7) is Pomeron-like parameterization that
has been used for numerical estimates. The formula
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Figure 2. Survival probability in the eikonal model

for survival probability looks as [3] [6]

(8)

where Rfi is radius for the hard processes. In R~f. [6]
the values of R~ and R2 (s) were discussed in details.
The main observation is that the experimental value of
the ration U’L/utOt depends only on the value of v. This
gives us a way to find the value of v directly from the
experimental data. The result is plotted in Fig.2 and
shows both the small value of the survival probability
and its sharp energy dependence.

3.2. Three channel model.
The assumption that crsD/ae’ ‘ <<1 is in contradic-

tion with the experimental data, therefore, it is inter-
esting to generalize the eikonal model to include pro-
cesses of the diffractive dissociation. It was done in
Ref.[7], where the rich diffractive final state was de-
scribed by one wave function orthogonal to the hadron

Q)LadTon= a’11 + ,f3v2 ; ‘ZD=-9’x’, +av2, (9)

where a2 + 92 = 1. The scattering amplitude is diag-
onal with respect functions V 1,2 and we used Eq. (5)-
Eq. (7) -type parametrization to describe it. The re-
sult of our calculation is given in Fig.3.

4. CONCLUSIONS

The experimentally observed value of the survival
probability appear naturally in these two models.



point which needs more discussion and even more
it looks in contradiction with our feeling, as I
have realised during our last meeting. My argu-
ment is the BLM procedure but more discussions
are needed;

2. We took S~Pectfor double Pomeron processes the
same as for “hard” LRG process. The justifica-
tion for this is eikonal type model [12], but it
could be different opinions as well as direct ex-
perimental data;

3. The estimates for S&r is very approximate and
we need to work out better theory for this sup-
pression.

3. DIFFRACTIVE HEAVY QUARK PRO-
DUCTION

The main observation is that there are two con-
tributions for heavy quark diffractive production (see
Eq. (3)): (i) the first is so called Ingelman-Schlein
mechanism [15] which described by Fig.2-a and (ii) the
second one is closely related to coherent diffraction sug-
gested in Ref. [16] and which corresponds to Fig. 2-b.
The estimates of both of them have been discussed in
Ref. [14]. The main conclusion is that the main con-
tribution for the Tevatron energies stems from CD (see
also [17,18] while the IS mechanism leads to the value
of the cross section in one order [14,19] less than CD
one. on the other hand in DIS the CD contribution
belongs to the high twisdt and because of that it is
rather small [14,17].

Our conclusion is very simple. At the Tevatrom we
has a good chance to measure a new contribution to
“hard” diffraction which is small in DIS. The typical
values of the cross section is

= 10-4 + 10-10 for pt,min = 5 + 50 GeV (15)

One can find all details in Ref. [14].
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