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Introduction 

Over the last decade, interest in studying diffractive processes has 

increased again. T~e pronounced features of diffractive (nonperturba

tive) interactions were observed in the events registered in the experi

ments carried out at CERN [1], on HERA [2], [3] and Tevatron [4], [5]. 

First, secondary beams with a large longitudinal momentum (xF :2: 0.9), 

i.e. with the ejection of a main energy of initial hadrons in a narrow 

phase space volume (diffraction cone),. were registered. Second, an inter

val in the pseudorapidity space (between these beams), not filled with 

secondary hadrons ("rapidity gap"), was observed. ( As shown, the exis

tence of rapidity gaps (RG) is due to the exchange by a colourless object: 

a photon, W -, Z ~ bosons etc. and, in particular, a Pomeron lP [6]). 

Thus, the energy characteristics of the particles involved in the process of 

scattering were such that these processes fell within the area of QCD ap

plicability. The fraction of such events was: '"'""' 6 7 7% for ep interactions 

[2], [3] and '"'""' 1% for pp interactions [4], [5] of the total number of deep 

inelastic scattering events. (The theoretical estimates predict a growth 

of this value for LHC energies up to '"'""' 10 7 15%, see, for example, [7], 

[8]). A detailed analysis of the experimental data has shown that they 

are well described by the assumption of Pomeron exchange. 

The hypothesis of Pomerons, first suggested by i.Ya.Pomeranchuk 

in 1958, was used to explain the behaviour. of the total cross section of 

hadron- hadron interactions within high energies [9]. In the Regge theory 

the Pomeron is a colourless object having vacuum quantum numbers. 

The Regge trajectory corresponds ;to it: aiP( t) = aiP(O) + a't, where 

aiP(O) ~ 1, a'~~ 0.25GeV:-:2 ~y{d/ is the inva;iant momentum transfer 

to the Pomeron [10]. 
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In 1985, G.Ingelman and P.Schlein put forward the idea of the parton 

str~cture of Pomeron [11). It was then verified, by the experiments on 

the research of the diffractive structure function Ff(~,t,z,Q2 ) [1]- [3]. 

At the present time, it is supposed that Ff can be presented as a 

product of the structure function of Pomeron Gg/IP(z, Q2) by the factor 

of flow F/Pfp(~, t) - the hypothesis of factorization I [14), [15). 

Ff(~, t, z, Q2
) = FIPfp(~, t)G9 /IP(z, Q2

). {1) 

The factor of flow describes the number of Pomerons emitted by the 

h~drori. · The Pomeron propagator is also included in it. For proton -

Pomeron interactions, the following parametriza_tion is most commonly 

used [14] 2 : 

. . N2f32 
FIP1p(~,t) = 

4
: 2 (F1(t))2e-2aJP(tl. (2) 

Her~? a~(t) is the Pomeron trajectory, the factor N;(JF1(t) corresponds 

to the proton - Pomeron interaction vertex; (J = 1.8 Ge v-2 , Nv = 3 is 
·• :.. • ' ) c .--

the number of valence quarks in the proton, ~ is the longitudinal mo-. '' '; ' 

mentum fraction of the Pomeron, and F1(t) is the elastic form - factor 

of the proton, which is parametrized to a high degree of accuracy by the 

. expression: 

4m;- 2.8t ( t )-2 
Ft(t) = 4m2- t 1 - 0.7 GeV2 ' 

p 
(3) 

mP is the proton mass. 

·The choice of the Pomeron structure function G
9
/IP(z, Q2) is deter

mined by representing the Pomeron as a composite object: At present, 
1
There is a number of papers, in which the hypothesis offactorization is 

called in question (see, for example, [12}), but even if factorization is violated 
for diffractive hard scattering, the effect can .be ~eak at high energies [13] 

2
0ther parametrizations of the factor of flow see, •for ·example, in [16] 
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one can mark two conceptually opposite viewpoints of the Pomeron struc

ture 3 
. According to one of them, the Pomeron consists of qij - pairs 

and/or gluons, having small fractions of momentum and slightly differ

ent in momentum from one another. It is the so-called "Soft" or non

perturbative Pomeron. Its intercept is equal to aiP(O) ~ 1.085 [8], [14], 

and the evolution of the structure function is determined by solving the 

equation of Dokshitzer - Gribov - Lipatov - Altarelli - Parizi (DGLAP) 

[19]. According to another point of view, the Pomeron is composed of 

hard gluons and/or qij- pairs. It is the so-called "Hard" or perturbative 
' . 

Pomeron. Its intercept equals aiP(O) ~ 1.4 [20], and the evolution of 

the structure function is determined by the solution of Balitski - Fadin 

- Kuraev- Lipatov's equation (BFKL) [21]. The available experimental 

data [1] - [5] do not allow for the present an unambiguous choice to be 

made between them. (The mixed "DGLAP- BFKL" representation may 

be actually realized. However,. the integration of both equations requires 

to introduce a new parameter x0 , (x0 ~ 4 X 10-3), at which the ~olu

tions of both equations coincide. The BFKL eq. is solved at x < x0 and 
• - , < 

the DGLAP one at x 2:: x 0 [22]. According to another very attractive 

hypothesis, there is a Pomeron with an effective Q2- dependence of its 

intercept, which leads to observing ~ifferences [23]). 

Thus, a QCD - motivated study of the formation of various states . . 

in diffractive processes at high energies has b~coi:ne possible due to the 

evolution of the primary Pomeron hypothesis, and the following picture 

of such mechanisms has arisen: 
. . 

i) incident hadron emits a Pomerori (this vertex is described within 

the framework of the Regge theory and'the factor of flowFIP;p(~, t) cor

responds to it (2)); 

3 For the review see, for example, (17], (18] and the literature in the_m. 
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ii) one of the Pomeron partons is involved in hard (QCD) scattering 

with the production of the investigated state. 

For analytical calculations, this means that the structure function of 

the interacting hadron F2(x, Q2
) is substituted by the diffractive struc

ture function Ff(~, t, z, Q2 ) in the inclusive cross section of the reaction 

with involved hadrons (1). 

The processes of single and double diffraction are distinguished. We 

are going to follow the definitions from [8], [11], [24] - [26]. Thus, the 

process of hard Single Diffractive Scattering (SD) is the process,of hadron 

scattering; in which one of the primary particles emits a Pomeron, and 

then it could be basically registered in the final state (exclusive S D) or 

not (inclusive SD). The process of hard Double Diffractive Scattering 

(DD), exclusive and inclusive, is defined in a similar way, and both initial 

particles emit Pomerons. 

The process of uncoupled heavy quark - antiquark pair (QQ) pro

duction in the proton - proton (DD) and Non-Coherent and Coherent 

ion Double Diffractive scattering (N DD and CDD) at high energies is 

considered in this paper: 

p, A + p, A ~ Jv + . J v + Q + . Q + X , ( 4) 

where Jv depicts a diffractive jet (see Fig. 1). The choice of process (4) 

is due to a number of reasons: 

i) The cross section of this process is larger than the production cross 

section of rare states (W, Z, H and so on). This facilitates its registra

tion, especially in the context of studying Double Diffractive scattering 

and also in the research of collective nuclear effects at high energies; 

ii) It is necessary to take into account the contribution of diffractive 

mechanisms for the registration of c and b quarks and also in considera-

4 

tion of other phenomena related to the product ion or registration of such 

quarks (for instance, the effect of heavy quarkon ia supprPssion in QG P 

[27]. the search for intermediate mass Higgs bosons [28] and so on). 

Diffractive production of QQ pairs in pp collisions. 
Ba..sic features. 

Let. us examine the main points of I he cakulat ion oft he inrlusiYP dou

ble diffracti ve CJQ production cross sect ion for prot on - proton collisions 

(4) whcre .ln is a diffractivc jet from the initial proton. The production 

of cl heavy quark pair in single diffract ivP interact ions of protons at high 

encrgiPs has explicitly been studied previously, sec, for example, [8]. [2·1] 

[30]. 

As known, the cross scc.tion of proton hard scattering (II) can be 

presented as: 

1! 1' llt , _ . , pa7'!. . · . 2 · • 2 u ~·'o)- d.r 1 d.12u (.,)[fqfp 1 (.!,,(J )./!1fp 2 (.z2,q )] . 
T T/7:t 

(5) 

where upart. is the cross section of reaction (4) at a parton level [:H], 

x 1 and .r2 are the fractions of init.ia.l proton momenta carried away by 

partons involved in the production of a quark pair (:r; = q;j /..~;; /..·;, fJi 

are the 1-momenta of projectiles and quark (antiquark), n•spect.i\'(•ly. 

i = 1,2), T = 1m~J/so, and fqf 11 ,(:r;,(J2
) .is the distribution function of 

parton g in proton p;, $ 0 = (k1 + /..:2 )
2

, Alqq = (q 1 + q2 )
2

• Tuming to 

the considcra.t.ion of diffractive scat.t.ering'requires to take into account a 

number of additional points. 

Point. one. As not.ed above, according t.o t.he hypothesis of factor

ization, it is necessary t.o replan· bot.h partonic distribution funl'l ions 
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J
9
;p, (x;, Q2

) by diffractive ones (2) in the calculations of D IJ, i.e.: 

/

o.I dt jo , 2 ·'-ti , -., Xi 2 f 9 ;p,(x;,Q)-+ - dl;l·w.;,,(~;,l;)(,9;w,(-,Q). 
• x, ~i t, man ~i 

(6) 

Here FIP,fp,(~;,l;) is factor of flow (2), (,':J/IP,(f:;.Q 2) is the Pomeron 

structure function, ~; = l;j k;, l; is the Pomeron ·I-momentum, and also 

.5JP ·= (!1 + /2 )
2

, l; = (k;- k;1 )
2

, W~_Ier<' k;
1 

is the 4-momentum of 

the incident particle after scattering ( diffract.ivc jet .JD, ). The evolu

tion of the structure functions is calculated at Q2 = Af~Q· Th~ upper 

limit to the variable (; is determined by the condition of Pomeron ex

change dominance [14], and the lower limit to the variable l; is equal to 

(1 C) Exp((-1)'7J,] I· · h h · l; min = -so - ., E [ ]+E" [ ·] neg cctmg t c proton mass, w ere T/i IS xp Tit 4xp -TJ 1 

the pseudorapidity of diffractive jet .In;, i = 1, 2. 

As noted above, the choice of the Pomcron structure function 

G9 ; 1p(z, Q2
) depends on that which objects, soft or hard, and also a quark 

and/or a gluon, the Pomeron consists of. As the main mechanism of QQ 
production at the parton level is the gluon - gluon one: 

g + g -t Q + Q, 

gluonic distributions in the Pomeron will be of our interest. With this 

aiin, three parametrizations for the Pomeron gluonic structure function 

were chosen: 

zG(z, Q~) = N(1 - z)5
, [11] (7) 

zG(z, Q~) = N z(1 - z), [13] (8) 

zG(z, Q~) = N(1- z), [15] (9) 

most commonly used in the literature 4 • In all cases, the norm N is 
4
0ther proposals of the parametrization of the Pomeron structure see, for 

example, in [13]. 
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determined by the condition: 
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zG(z, Q~)dz = 1, 

Q6 = 4 GeV2 and AQcD = 0.2 GeV. 

(10) 

The second point is to take into account the conditions imposed by 

the requirement of rapidity gap observation. 

One can show that the pseudorapidity interval between two diffractive 

jets Jv in (4) is equal to [32], [33]: 

!:lry = T/2 - T/1 - 2RJv ~ ln [~~ _] - 2RJv . 
QQ 

(11) 

Here, RJv is the size of the diffractive jet in the space of azimuthal angle 

and pseudorapidity (assuming that RJv ~ 0.7 [4], [32]. See Fig. 1). In 

view of the upper limit to "the variable ~max :S 0.1, condition (11) leads 

to cutting the phase volume ac~essible for a quark - antiquark pair: 

M < emaxv'So 
QQmax rv Exp(f:lry/2+RJv) 

(12) 

Fig. 2 presents the MQQ max dependence on !:lry for different values of 

y'So. As an example, one can see from the figure that the fulfi,l~~nt of 

condition (12) results in that the double diffractive production of a pair 

oft quarks is prohibited at Tev~tron, and their.~bservation in ~s~alDD 
at LHC is.hardly probable. A similar result was obtainedin [25]. At the 

same time, in collective inter'actions of ion~ at uic, condition (12) can 

be fulfilled for tl, ww, zz pairs, and such states can be observed [34]. 

In the above reasonings,_ it is suppos'ed ~hatthepseudorapidity inter

vals, corresponding to Pomeron exchange (see. Fig. 1), remain empty. 

The s.ituation is •actually s~ch that these sites tu~n out to .be filled with 
I . 

, f• 

a certain number of secondary hadrons. This might be due to statistical 

7 



fluctuations: "leakage through the gap edges" (i.e., there· exists a cer

tain probability that hadrons, expected close to the direction of incident 

particles, occur in the central area fluctuatively) or the result of inter

action of other, not "Pomeronic", partons of initial particles - "multiple 

interaction". These effects are of particular importance when nucleus -

nucleus interactions are considered. To take them into account, it was 

.proposed to introduce an additional factor into the expression for diffrac

tive cross section- "survival probability" < 181 2 > [32] defined as follows. 

If IS(s, b)i2 is the probability that two hadrons pass one through another 

with impact parameter bat given vs without interactions, except a hard 

one, the survival probability can be written as: 

< 1812 >= I F(b)IS(s, b)i2d2b 
I F(b)d2b 

(13) 

where F( b) is the usual overlap of partonic densities of interacting hadrons 

in the space of the impact parameter. The evaluations of< 181 2 >in var

ious approximations: eikonal, gaussian and some others, give the value 

of the order of "' 5 -;- 23% at LHC energy [32], [35]. With increasing 

ys, the value of < 1812 > decreases, i.e. it becomes less probable that 

t-\':'o hadrons will not interact at ~igh energies (the ~otal cross section CTtot 

is proportional to the region of soft interaction 1r R2 in which diffractive 

scattering happens; this region is in its turn proportional to In s ). 

Following the currently accepted estimates, < 1812 >~ 10% at ys = 

14TeV for proton- proton interactions. 

It should be also emphasized that the filling of rapidity gaps can 

be due to the so-called "pile up" - effect (the effect of "superposition") 

when some proton - proton interactions occur in a very small volume. 

It. is obvious that it depends on the intensities of interacting beams. 

This effect should be kept in mind for LHC. The degree of its influence 

8 

on experimental results dep<'rHls on t.hP propcrt ics of registering device. 

(This problem will be considered in fut un~.) 

Fig. :~ presents t.he calculated rPsults oft he differential cross section 

for quark- antiquark pair production in hard (//)and DoubleDiffractin· 

( D /J) s<-at.tcrings of protons: 

d:1rtJJJJ.II 

rJJIJ.II = d-\·J dTJqdTJQ . • (JQ 
( 1 ·l) 

aiHI the ratio 

d:ICTD/J (f!CTII 

R = I 100%. 
dMqqd'JQdiJq dJlqqdiJq(hJo 

( 15) 

versus the ir1variant. mass of quark pair Jlqq at 1Jq = 'lq = 0 and Fa = 
14TcV for the chosPn models of Pomeron structur<' function (7) - (9), 

where lJq,Q are the pscudorapidit.ics of heavy quarks CJ, CJ. The solid 

line corresponds to the eyaluat.ion made for hard (QCD) scattering and 

the dot - dashed, dashed and do!.tPd lines rorresilOnd to the <'Valuations 

of D D made using Pomeron inodels (7), (8) and (!J). respectively. The 

upper limits on MQq for different. values of rapidity gap !lTJ. ralrulatcd 

from (12), are denoted by straight. lines. The fa.ctor '"survival probability" 

(13) is not taken into account. 5 
. 

As seen from the figure, the behaviour of the difl'crential eros~ sections 

is noticeably different. for the considered models of Pomeron. It. promotes 

their recognition in an experiment.. The difference in the cross sec-

tions is greater than one order of magnitude for the" Sofl'' (7) and ''1/anf' 

(8) models in the region of small inva.riant. masses (MQQ ~ 50(;cF) and 

it decreases equali7.ing at MQQ"' J.l()-;- I~OGc\/ for a.ll t.he,nwdels. 

As seen from the figure, the production of quark pctirs with a. large 

invariant. mass and a large gap between diffract.ive jets (for example·. 

:;Factor (13) docs not affect. the numh<'r of produr<'d quark pairs and it 
must hP taken into a.rcount when rapidity p;aps a.rp only <'Xt rartPd. 
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~V!QQ ~ 50Ge\f and b..T] > 5) is forbidden. Remind t.hat. the maximum 

allowable value of !v!QQ for Double Diffract ive QQ production at JSO = 
14Te\f is approximately .'jQQGe\1 as it follows from ( 12). 

The fraction of diffractivc pairs in the considered kinematical region 

is an average of 2 ...;- 8% 6 , of the number of those produced in the hard 

(QCD) process. This is enough for studying diffractive physics with 

their aid. At the same time, this fraction is very large and diffractivc 

mechanisms should he taken into account to detect. heavy quarks at least 

in the region of MQQ :::_ 200 ...;- .5QOG(V. 

The total cross sections of heavy quark pair production are obtained 

by integration (5) over all the variables taking (6) into a.ccount.. The 

results arc presented in Table l. It is seen that. the fraction of heavy 

quarks, produced in D D, is ,..._, 1-;- 18% of the number of those produced in 

hard scattering. The results obtained in [25] without taking into account 

the factor< 15'1 2 >for ,jSO = IOTeV arc presented for comparision. The 

data obtained by us arc a little bit higher than the ones from [25]. This 

rather well explained by choosing another proton structure function [36]. 

Double diffractive production of QQ pairs in colli
sions of heavy ions. 

Let us consider the process of quark- antiquark pair production in the 

double diffractive scattering of heavy ions. In this case, the calculations 

are carried out similar to the above described D D of protons, taking 

into account that the proton form - factor (3) for coherent scatteri~g is 

substituted by the nucleus form - factor [26] which we parametrize as 

6 lt is obvious that this number will be greater for Single Diffraction. 
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[37]: 

F(t) ,..._, exp( R~ t / 6), (16) 

where RA is the radius of the nucleus A (RA = r0 A113, r0 = 1.2fm). 

The research of the A - dependence of the non-coherent diffractive 

scattering of symmetric nuclei allows the cross section to be parametrized 

as [37], [38]: 

O"A ~ A 2
"'0"N' (17) 

where the exponent o: ,..._, 0. 7 ...;- 0.8 for peripheral ( diffradive) processes 

[38) and o: ,..._, 0.95 7 1.0 for central (hard) ones, O"N is the nucleon -

nucleon cross section. We used o: = 0.7 for N DD and o: = 1.0 for hard 

ion scattering. 

Fig. 4 presents the dependence of the differential cross section JNDD,H 

( 14) and ratio R(%) (15) qn the invariant mass MQQ for quark- anti quark 

pair production in the Hard (H) and Non-coherent Double Diffractive 

(N DD) scattering of Ca and Pb ions for the chosen models of Pomeron 

(7) - (9). It should be noted that the factor (13) was not taken into 

account as in case of proton interactions. Note that there are large 

differences in estimating the value of < ISI2 > (13) with a variety of 

approaches. (This problem will be considered in future.) It should be 

emphasized that the value of < ISI 2 > will be much smaller than for 

proton - proton collisions in case of N D D because of multiple collisions 

of projectile nucleons. 

As seen from the figure, the behaviour of the N D D differential cross 

section for all models of the Pomeron stucture function is similar to 

the ones in case of proton interactions at :,;so= 14TeV. However, the 
. . . 

difference between the models is a 'little bit. smaller because of small 

values of ,jSO ( :::_ 10 at MQ(J "' 20Ge V): This leads to that the ~odels 
become indistinguishable at MQ(J "' 50 -;-lOOGe V. Then; the difference 
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rises rapidly due to that the "Soft" Pomeron (7) is characterized by a 

sharper fall of the cross section than the "Hard" one (8) with increasing 

the invariant mass and approaches by one order of magnitude at MQQ ,...., 

160 ...;- 200GeV. As seen from the figure, the production of quark pairs 

with a large invariant mass and large rapidity gaps (for instance, i'v!QQ ~ 

30Ge V and b..7J ~ 5) is forbidden._. 

Table 2 shows the total cross sections of the hard (central) and non

coherent double diffractive production of heavy quarks and their. ratios to 

the hard one for selected models (7)- (9) in GaGa and PbPb'interactions. 

As seen from the table, the fraction of diffractive QQ pairs averages ap

proximately ,...., 1(0.01 )% of the number of such pairs produced in central 

Ga(Pb) collisions. 

The coherent double diffractive scattering (GDD) was calculated by 

replacing the proton form - factor (3) by the form - factor of the nucleus 

[37]. Thus, the total energy of the interacting system is 

VsA = AJSr;, (18) 

neglecting the nucleus mass, where Fa is the total energy of nucleon -

nucleon interactions (VSQ = 5.5rz:'eV for PbPb bea~s and Fa= 6.3TeV 

for GaGa ones [39]). 

Fig. 5 depicts the differential cross section fCDD (14) versus mass 

MQQ in the coherent double diffractive scattering of Ga and Pb ions for 

selected Pomeron models. In this case, the factor (13) was not considered 

in the calculations of the total and differential cross sections. (It sould 

be stressed that the value of < IS(s, b)i2 > differs from the case of non

coherent scattering here.) As in the previous cases, the upper limits on 

MQQ .at different b..ry are denoted by straight lines. 

. As seen from the figure, in contrast to the previous cases, there is a. 
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smoother fall of t.hc cross sect ion with irHT<'asing J/QQ· Thus. if the non

coherent cross section of QQ production at small J/QQ (i\IQQ ~ 50Gt:V) 

is larger than the colwreut Oil<' by one· - four orders of magnit udc. I hesP 

cross sections become equal at higher invariant masses ( MQQ ,...., 100 -;-

160Gc\/). and the coher<>nt cross S<'clion becomes larger than the non

coherent one for Ca and Pb beams a·l still higher \"alues of J\/QQ• for the 

considered Pomeron models. This difference is stronger for the model of 

"Soft" Pom(~ron (7). Such a behaviour follows from a threshold fall of 

the non-coherent cross section at large MQQ· Including the total energy 

of the nucleus ( 18) in the interaction shifts this tlm·shold to the area of 

very large invariant masses at given size of a rapidity gap (see Fig. :2). 

Thus, one can formulate t\w obsc·rvat.ion conditions of collective nuclear 

interactions: the detection of a h<'avy quark - antiquark ·pair with a 

large invariant mass ana a large rapidity gap between diffract.ive jets (for 

example, MqQ > lOOGcV .at. b.11 > ;~ or Mqq > 50GcV at. D.11 > 5 

etc.) The coherent cross section is ,...., l o-'' ...;- 10-7 mb in these regions. 

At the lumihositics of heavy ions planned at LIIC ("' 102
li for [JbPb and 

,...., 1030 for GaGa [40]), this allows one to have up to 104 such evcnt.s in 

a 15- day run ( 106 s) of the collider. Medium nuclei (A < 100) are more 

preferable because they have higher luminosities, aud so they give more 

events. Note that the mult.!plicit.ies of seconda.ry particles are lower in the 

collisions of light and medium nuclei. It would promote the extraction of 

a rapidity gap. At the s.ame time, light nuclei do not. allow one to mow 

far off the threshold of non-coherent. production what. complicates I he 

isolation of a pure coherent. contribution to the diffrad.ive cross section. 

As seen from the figure, the cross sections of coherent scattering ;!if

fer markedly for the Pomeron models under nmsiderat.ior'•. Thus. this 

difference is 2 ...;- 3 orders of magnitude for "Soft" (7) a11<I ., llanr (S) 
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Pomerons and a little bit smaller than one for models (7) and (9). Such 

a behaviour of the cross sections changes W<'akly in the considered region 

of invariant masses (20GcV :::; .HQQ :::; :WOC:cV). As in the previous 
,~ 

cases, the cross section of" Ilanl' Pomerons falls smoother than that. for 

"Soft'" ones. However, the region, where the differential cross sections of 

the studied models coincide, lies far to the right in distinction to proton 

- proton and non-coherent ion intcract:ions. 

The total cross sections of cc and bb pair production in the coherent 

double diffractive scattering of CaCa and PbPb are given in Ta,ble 3. It 

sould lw noted that the total cross section of" 1/anf' model (8) is larger 

for GaGa interactions than for PbPb ones. The situation is opposite for 

other models (7) and (9). 

Conclusions. 

As it. follows from the foregoing, the number of heavy quark pairs 

produced in double (and, moreover, single) diffractive scattering is a 

major part of those produced in hard (central) interactions at LHC en

ergies. Therefore, the contribution of diffractive mechanisms should be 

taken into account as an additional process for the registration of heavy 

quarks and in the studies of phenomena related to their production or 

~registration (for instance, heavy quarkonia suppression in QGP, search 

for intermediate mass Higgs boson and so on). At present, the contri

bution of diffractive mechanisms is small because the values of ..jSO of 

th~ running colliders are small. Therefore, a disagreement between the 

theoretical estimates and the experimental results is insignificant~ It is 

hoped that the diffractive processes will play an important role in looking 
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for rare states (Higgs particles, new gauge bosons, heavy quarkonia, etc) 

due to their distinctive features. 

On the other hand, the cross sections of diffractive particle produc

tion at LHC energies are large enough, and so one can study different 

aspects of diffractive physics at qigh energies, namely, the behaviour of 

structure functions at small x, the hypothesis of factorization, nuclear 

shadowing and some other collective nuclear phenomena. Such investi

gations can be made using the CMS or FELIX setups. They will cover a 

large interval of pseudorapidity ("' 10 and > 14 units, respectively) and 

will have detectors with a high resolution in the central region. Thus, 

the diffractive cones will be covered and the centrally produced states 

will be detected, i.e. the complete event would be reconstructed. 

The considered interval on the invariant mass of a centrally produced 

QQ pair (20GeV :::; MQQ :::; 200GeV) is apparently the most optimum 

one for studying double diffraction on LHC. The cross sections, as well as 

the masses of produced states, are large enough, which makes for certain 

registration of event. Furthermore, the areas in which the cross sections 

of the considered models of Pomeron differ significantly for all types of 

interactions, lie in the mentioned interval of MQQ· 

Finally, note that the study of diffractive interaction is particularly 

urgent at the first stage of the collider operation, when the beam focusing 

and luminosity have not reached their designed values yet (i.e., when the 

fraction of diffractive interactions is larger) and when light and medium 

nuclei are accelerated. 

The authors express their sincere gratitude· to M.G.Ayrapetyan and 

E.A.Strokovsky for fruitful discussions and valuable remarks. 
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Table 1. Total cross sections (mb) of cc and bb pair production in the 

processes of Hard (QCD) (u") and Double Diffractive (u00 ) scattering 

of protons at different Fa using models (7), (8) and (9) of the Pomeron 

structure function. The gluon distribution in the proton is taken from 

[36). The ratio R(%) of the total diffractive cross section to the hard one 

for each model is also given. The results of [25) obtained at Fa= lOT ell 

for model (8) is presented for comparison. Factor (13) is not taken into 

account. .• .s 

VSQ = 14 TcV cc bh 
aH 1.63 X 10 2 4A9 X 10 3 

auu, model (7) 2.90 X 10 3 2A8 X 10 4 

R(%) = auu jaH 17.79 5.52 
auu, model (9) 1.40 X 10 3 1.605 X 10 ·I 

R(%) = auu jaH 8 .. 59 :3.:)75 
auu, model (8) · 1.26 X 10-4 2.76 x w-s 

R(%) = auu /au 0.77 O.G L:i 

VSQ = 10 TeV [25] 
aH 9.6.5 X 10 :l 2.91 X 10 ;J 

auu, model (8) 6 .. 56 X 10-.5 1.51 X 10-5 

R(%) = auu jaH 0.68 0.52 

VSQ = 6.3 TeV 
aH 5.12 X 10 :J 1.6.5 X J0 :3 

auu, model (7) :3.90 X 10-'l 2.7.5 x to-" 
R(%) = auu jail 7.G2 1.67 
auu, model (9) 2.:3o x Jo-4 2.545 X 10-5 

R(%) = auu /au 4A9 1.;),1 

. auu, model (8) :3.27 X 10 5 7.68 X LO 6 

R(%) = auu jail 0.64 o.,J(i5 

VSO = .5 .. 5 TeV 
all 4.27 X 10 :'l 1.:39 X J0 :3 

auu, model (7) 2.85 X 10 4 UIO X 10 .5 

R(%) = auu jail 6.675 1.:37 
auu, model (9) 1.75 X 10 4 1.895 X(() '• 

R(%) = auu jaJJ 4.10 I .:3G 
aJJu, model (8) 2.71 X 10 .5 6.:18 X I() I> 

L_R(%) = auu jail 0.63!) o .. J(i 
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Table 2. Total cross sections (mb) of cc and bb pair production in 

the processes of central u~ and Non-Coherent Double Diffractive uNDD 

scattering of Ca and Pb ions using models (7), (8) and (9) of Pomeron. 

The ratio R(%) of the total diffractive cross section to the central one 

for each model is given too. Factor (13) is not taken into account.. 

C aCa, Non-ColwrPnl ("(' hh 
all 8.1!12 2.(i I I 

..1 
axvu. mod<·! (7) 6.82 X (0- 2 1.~1 " Io-:1 

R(%) =a·\ JJJJ jaf.{ o.:·n 0.1 ~ 

a;' uu. mod<·! UJ) -1.02 X 10-:.! LV> x 10-:l 

R(%) = axnn jaf.{ 0.-1!1 0.11 

a.vvu. mod<'l (~) 5.72 x Io-J 1.:31 x 1 o-:l 

H(%) = a;-;uv fa.~{ 0.07 O.O.i 

PhPh. Non-Colwr<'nt l 

a" 181.71 fiO. I I 
:I 

a'' uu. mod<·! ( 1) ;-,_()( '< (!) I :U I ·· 10-:! 

/?(%) = a\7)/J/rr1{ 11.27 ti.!Hi 

axon. mod<'l (!I) :LOS X 10- 1 :L:n ., 1 o- ~ 

/?( <;{_,) = rr'v un / rr.~{ 0.17 o.o.-, 
as VIJ. mod<·! ( 8) 1.77 X 10-2 (.(2 X (()-l 

H(%) = aNTJJ) fa.~{ n.o:w 0.01 '·I 

Table 3. Total cross sections aCDD(mb) of cc and bb pair production 

in the Coherent Double Diffractive scattering of Ca and Pb ions using . 
the above models of Pomeron. Factor ( 13) is not t.akcn into acr.onnt .. 

CaCa. Colwr<'nl cC hh 

ac:uu. mod<'l (7) :3,;i8 X I 0 :.! 1.:r1" In-• 

aeon, m~d~·l (!)) l.L·l X Jl) :.! :2.!l!i x Io-' 

acvu. mo(kl (8) 1.01 X 10-l G.l.i " I o-•; 

PbPb, Cohen•nl 
arnv. mod<·l (7) (i.Ol X 10 :.! 1. 1:\ ' w-:l 

rrC/J/J• mo<l<·i (!I) 1.7:2 X I 0 2 1.n, 1n-• 

. fiC!lJJ. iil<nk.I·(S). 1.%· x 1 o-~· :2. IIi '· 1 o=<' 
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Figure 1. Schematic representation of heavy quark - antiquark pro

duction in Double Diffractive scattering ( 4) using the hypothesis of fac

torization in the plane of azimuthal angle ( ¢) and pscudorapidity ( 77 ). 

Projectiles (protons - p or nuclei- A) emit Pomerons (JP) and escape as 

diffract.ive jets (.lv), the interval between which (!:l.rJ) is a "rapidity gap". 

The quark- antiquark pair (QQ) is produced from the hard (QCD) in

teraction of both Pomerons. The radius of the diffractive cones in ( ry, ¢) 

is taken equal to RJD ~ 0.7. 
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Figure 2. Upper (solid lines) and lower (dashed lines) limits on the 

invariant mass of double diffractively produced heavy quark - antiquark 

pair MQQ( Ge V) versus rapidity gap size !:l.ry for different types of inter

actions and produced particles: 1 -PbPb Coherent (y'sil = 1144TeV), 2 

-GaGa Coherent (y'sil = 252TeV), 3 -pp (JSO = 14TeV), 4 -GaGa Non

Coherent (JSQ = 6.3TeV per nucleon), 4 -PbPb Non-Coherent (y'sil = 
5.5TeV per nucleon), t- t[ (mt = 175GeV), b- bb (mb = 4.5GeV), c- cc 

(me= 1.5GeV). 
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Figure 3. Dependence of (a)_ the differential cross section of quark -

anti quark pair production JDD,H ( mb/ Ge V) = dA:t":n~: _ at 1JQ = 1JQ = 
QQ 'f/Q 'fiQ 

0 (14) and (b) the ratio R(%) = JDD / JH (15) on the invariant mass 

of quark pair MQQ(GeV) for the chosen models of Pomeron: (7) - dot

dashed lines, (8) - dashed lines, (9) - dotted lines, solid line is for hard 

(QCD) proceess. Fa= 14TeV, factor (13) is not taken into account. 

Upper limits on MQQ for b..ry = 3 and 5 are denoted by upright lines. 
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Figure 1. The same as in Fig. :J only for CaCa Jton-cohcrenl scatter

ing at. Fo = 6.3'/'eV per• nucleon (a,c) and JJ{JfJb at. Fo = 5.5TcF per 

nucleon (b,d). Fact.or (l:l) is uot. tak(•n into account.. 
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Figure 5. Dependence of the differential cross section fc DD ( mbj Ge V) 

(14) of QQ production in the coherent double diffractive scattering of 

CaCa (a) and PbPb (b) on the invariant mass of pair MQQ(GeV) at 

T/Q = T/Q "7 0 for the chosen models of Pomeron. The designations are 

the same as in the previous figures. Factor (I :n is not taken into account. 

The upper limits on MQCJ are denoted for !lry = 9,10 (CaCa) and !lry = 

12,l:l (PbPb) by straight lines. 
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