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The analysis of all the existing experimental data on dif~

fractive reactions in the region of small masses and momentum

transfers is carried out in the model of complex angular moments

taking into account the cuts* Л phenomenologioal parametrization

is obtained which desoribes correctly all the features of the

diffraction егозе sections and allows to separate the pomeron

proton scattering cross section.Taking into account the contri-

bution ot cuts one obtains results strongly differing from the

results obtained earlier in other works.The derived shower fee--

tors are function of energy and momentum transfer due to the

strong difference between the slops of differential cross sec*

tions of elastic scattering and particle diffraction production*

This conclusion, which is of interest by itself* allows to obtain

also a correct description of the growth of the cross sections

maintaining the condition С̂ -р(0)в1.

In the first section the shower factors (S. F) are considered

in detail and it is shown the necessity of their revision taking

into account the great number new experimental data on diffrac-

tion dissociation processes*. In the second section we determine

the quesieikonal model for elastic scattering and diffraction

dissociation (D. D ) . In the third and fourth sections it is

given the phenomenological parametrization of D.D. process

| amplitudes and their comparison with the experimental data*

; It is also shown that the new results on S.P influence the

analysis of the elastic scattering*
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I. SHOVVSR FACTORS

The shower factors have been first introduced by Kaydalov

[1] in order to take into account the showers in the intermediate

state of two reggeon cuts.The two reggeon out may be presented

as a sum of four diagrams (see Pig.1). Thus, it becomes evidient

that the correct estimate of out contribution into binary pro»

cesses requires detail study of D. D processes* For this purpose

three types of processes are essential (see Fig.2b,c)« First

let us consider only the case when the fixed invariant beam

mass S* = П
х
 - (S'i* tya

+
 " "

 +
 УК) and momentum transfer t^ —

s m a 1 1
'

 Ue
* &*<<£> and t 2 « 5 x .

Due to the factorization of vacuum pole residues one may

express the cross sections of two jet production by means of the

cross sections of one Jet and elastic scattering processes:

Using the Gribov's diagram technics [2] one may determine

the magnitude of two reggeon .PP-cut in the elastic scattering»

where 1} is the signature factor at HL aO( X-

and Ь ъ

(3)
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г/frt (^; &**) Is the poaeron elastic scattering amplitude on

the particle W> Щ 1 the notations and sumaalizatiOB. of the

«perimentally measurable magnitudes ara the sense as in the

wcrte [3} )• 2?ront the two reggeon unitarlty condition [4] it

followst

(4)

where T^ere •"•az'iablee characterizing the particles of the

beam «Bitted by tha psrticlo m , while ^(^Sw.jt'^Jdeaoribe

the trsnelticn of the particle Ю and P -pole Into an inter-

mediate state with mass M x — VSvy, • In th» inolusire type

; experimente one measures only the moMomtum of the observed

particle and carries out summation over all the particles of

the beam (i«e» ictegration over the phase volume and summation

over the number of particles); The magnitude

ie usually called as total cross section of the interaction of

reggeon ОС with the particle (X ,

, From expressions (2-4) it ie seen that in order to obtain

i

f the correct magnitude of -two pomeron cut it is necessary to

j know the егозе sections of inelastic processes going via the

'•> vaouum pole.

jl Let us introduce the amplitudes corrssponuing to the dia-
• 1

grams shown in Fig*2i
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ia the f? -pole contribution into the elastic scattering

amplitude (Pig.2a),

(6)

is the amplitude of beam production by the particle rt on the

vacuum pole (Pig.2b),

is the production amplitude of two beams (Pig.2c) where

According to Pig.1 the amplitude of two pomeron cut

will have the form

(8)

where

The aaplitudes M o » T^ » T ^ a are calculated by formula (2)

whlth oorreaponding values of //t taken from the expression

(3)-(7); The expression (8) may be rewritten in the following

(11)



Let us introduce the notation

Then taking into account the factorization of residues and

expression (1) the formula for С < Д М ) takes the following

form»

MJ
p
(s,t)/4 MFCs,*)/ (12)

The magnitude Сл С^Д' determining the corrections to the

eikonal amplitude n© \&j w due to particle production in

the intermediate state is called as shower factor. In the work

^11 S. P have been obtained from the analysis of the experi-

mental data on D. D available at tbfit time. The calculated

values of C
o
 were independent of energy and momentum

transfer and appeared to be equal to

т+л.* (
13
)

The set of experimental data on 2). D processes available up

to 1971, being inoonplete, allowed to make some simplifying

assumptions which require certain revision in view of new exp-

erimental data»

1* At that time it was assumed uhat the radii of the vacuum

'} amplitudes in the differentia?, cross sections of elastic scat*

jj tering and D. 0 are equal each to other . In fact,as the new

experimental data show the slope of pomeron contribution into

0, D amplitude depends very strongly on the mass Mjr of the

produced particles and It is some times greater than the elastic
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slopa in the region Mx^-1e4Ge7
#

2, It was assumed that the contribution' , t vacuum outs into

D. D processes and elastic scattering are ebo.it the ваше and,

therefore, in the calculation of -̂ according to the formula

(12) the out contribution is simply oanceled. However, thoroughly

considering the B. D differential cross sections at fixed meases

in the region M* 4: 1.7GeV oa« «an see that there is a deep at

"t л> -"0a3(Ge7/o) which is conditioned by the destructive con»

tribution of vacuum cuts. A similar deep is observed in the

elastic cross sections at t,-*z, -1«5(OeV/o) ; This phenomenon

is in favour cf the fact that cut contribution into D. D is

much larger than into elastic scattering amplitude and taking

them into account one obtains values essentially differing from

that of (13).

3» It was usually assumed that the contribution of the

interf erece terms joaving в ^/itb behaviour is negligible!

In fact» trying to ootmeofc the data at energies up to 30GoV

with the new experimental points at energies of about 400Ge7

these terms appear to be rather essential* Moreover, it appears

aeoessary to take into account also the pion pole contribution

having a S~ behaviour*

4* The D. D and elastio scattering amplitudes were considered

aa pure imaginary magnitudes* This assumption is not in good

agreement with the new experimental situation in the energy

region up to 4000eV*

Taking into aooount all the above mentioned one obtains S; P

numerical values much greater than the ones given by (13) and
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they become complex and depend strongly on energy and momentum

transfer which seems to be more essential.

2. QUA3IEIKONAL MODEL FOR D.D PROCESSES

According to (11) the amplitude of two pomeron out for

alastie processes takes the following form:

( u :

In the same way one may write for the three pomeron cut:

where I l о end I l
0
 are the corresponding eikonal amplitudes

(in this section the index "O
n
 always corresponds to eikonal

approximation), while С £ lS>,'t) corresponds to the amplitude of

transition of beams of particles with masses Mic and M ^

into beams with masses H^ and M ^ (Pig.2d) integrated

over all the masses»

Similarly for 1\ -pomeron out one obtains the following

expression:

i The following relation between the eikonal and pole ampli-
i
ji tudes takes place:

• tiT)
p

where b is the impact parameter and X9 (S,o) is the pole

eikonal.



Taking into account all the cuts in the eikonal approximation

the total amplitude has the following form»

e£ (is)
where 4 Cs b) is the partial amplitude in the impact parameter

plane* In the eikonal approximation it has the following form:

If one takes into account the showers in the intermediate

state the reggeon cuts are connected with the pole eikonal (17)

by the following relations:

-эеЬ) bolb,

For the convinience of numerical computations one may writо

the sum of the terms (20) in a compact form allowing to take

into account all the reggeon outs. Then the total amplitude

taking into account all cuts will have the form:

\
о •

where



The partial amplitude will take the fern:

о о ^st (23)

For D. D processes the pole amplitude has the form (6) and
-, IB

the pole eikonal corresponding to I is equal to:

0 (24)

Then taking into account S. P the amplitudes of pole and

corresponding outs will have the following forn:

T ( s A M . ) = ̂[(ь,ь,м,) Т.
о

T *
p
/ <« + м \ - _L C

P
( Mx,s,

b)bolb,

bolb

-n-



As in the case of expression (21) one may «rite this sum

in a more compact form convinient for computation»

^ ' ' (25)

where

She partial amplitude for D. D prooeeses takes the form:

)

. . y-t
 ( 2 7

)
The coefficients С Uix^tjand Q,̂  (S,^) are oozmeoted by the

relations

where So^p V
w
p

+
 ̂ i)

 a n
& ^i- determine the lower boundary of the

(28)

^i- determine the lower boundary

three reggeon region,

3. PHEHOMENOLOOIGAL DE3CRIPTIOH 0? D.D HIOCESSES

In the last years the results of many experimental works

ievoted to the study of D. D processes in reaction p+p-^p+Y

in a wide energy interval, front б up to 400GeV, and in the region

of small momentum transfers end produced masses have been pub-

lished \б-9\ • Taking into account the outs the amplitude of

D. D processes will here the form shown in Pig.3» The correspond

ling differential cross sections are given In 91g*4«

Since reliable experimental data exist only for the process

P P —* PX
 w e

 shall further consider only this I eaotion.

J»
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Beaides, we shall oonsider only the spin non flip amplitude.

The vacuum exchange amplitude for alestic pp-scattering has

the following forms
 t

(29)

Averaging the dependence on tT over which one always car-

ries out integration in the final expressions for the vacuum

amplitude of D. D processes we recieve the following :

The magnitudes entering into (30) are defined in section I.

The vertex V g \X
t
 Их) of the scattering of pomeron with

mass t. on proton has been parametrized in the following way:

According to the work ^10] the pp -scattering vacuum

pole residue must have the form:

Then the elastic pp -scattering amplitude will be:

*)

while the D. D amplitude becomes:

where
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The parameters of the elastic pp -scattering secondary

trajectories P and LO have been taken from the work

The vacuum pole parameters for elastic scattering and D. D

processes have been derived from the simultaneous comparison

with the experimental data on these two types of reactions«The

values of pomeron parameters are given in Table I,

The total amplitudes taking into account all the cuts have

been calculated in quaeieikonal approximation according to for-1

mulae (21) and (25). Finally, the D. D differantial cross section

may be presented in the form:

(35)

where

corresponds to the interference of vacuum pole with

secondary trajectories,while "P(Mx) corresponds to the con-

tribution of secondary trajectories with oL =0.5» The last

\ term corresponds to the one pion exchange contribution and is

: equal to

\

W
where ^/4-15, Rl-3.3 (GeV/c)"*2, d£ =1 (GeV)"2;

Using the notations of formula (34) the zero mass pomeron

mattering total cross section on proton may be presented in
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•the form:

- ijr (37)

(As a matter of fact one must calculate all the integrals over

in formula (17) in the interval from up to and not

from 0. This problem has been studied in detail and it has been

shown that at energies of order of 10 GeV the difference between

the results of integrations from 0 and from "tmi»\ is •N•'1$;,

while at energies higher than 20 GeV and r\
x
 < 5 GeV this

difference is negligible)
0

Thus, the problem is to determine the magnitudes Д (Mx) »

R
2
" (Mx) » С ( Mx) , B(Mx) , X)(Mx) and к?(fix) for each

value of

4» DISCUSSION OP THE RESULTS

The obtained results are given in Figs. 5» 8-10. The para-

meter Rj,(Mx) is determined with large errors, therefore, as

a value of this parameter we have taken 2.5 (GeV/c) , the

average of its values for all Mx • From the existing experi-

\ mental data one can not determine the energy and momentum trans-

[ ter dependence of the parameter С ( М ъ ^ х )
 f

therefore, it has

| been assumed C(Mjf,S»i"t) = С (My) . Since in the elastic

i scattering this parameter is essential only for П Г -cuts at

!} • П^- 3 thia assumption has very little effect on the final

result. The obtained parameters describe well all the get of

the experimental data on D, D processes and furthermore they

provide good results for elastic Dp -scattering, in particular,

-15-



they describe well the growth of the total cross sections as

well as the differential cross sections up to t & -2(GeV/e)
2
*

In Pig» 5a it is shown the pomeron proton total cross section

^Pp VMx|0J in the region of small masses, calculated by for-

mula (37) a) without taking and b) taking into account the cuts*

As it is seen from figure quite different results are obtained

in the cases a) and b), the results being different not only by

magnitude (in the case b) v> Op is much larger) but also by

their structure. In the case a) there are two peaks at 1.4 and

1.7 GeV, while in the case b) there is only e wide maximum at

Л1х~
 1 #

?
 G e V e O n t n e

 boundary of the three reggeon region the

cross section 61 (M/>2.5)is about 1mb and 3mb in the first

and second cases* respectively, i.e. when one takes into account

the cuts the effective three pomeron vertex Grppp must be

three times larger than in the pole сазе.This fact is in good

agreement with the result of the work [15] • In the normali-

zation of the works {i 2-143 such a O"pp corresponds to a

three pomeron vertex equal to 4Tppps(7.2^0.2) mb/GeV instead

of 3.24 in

л-tCt

In the three reggeon region O p . consists of the sum of

the following terms (see Fig. 6). We call the sum of the dia#

grams 6a), 6b), 6c) and 6d) as effective three pomeron vertex.

Therefore, the pure three pomeron vertex 6a) indeed will be much

larger than 7.2 mb/GeV^» Unfortunately, one can not obtain a

correct estimate for the diagrams 6b), 6c),6d) using the exis-

ting experimental data. Therefore, we further shall consider

only the effective three pomeron vertex. However, using the
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available experimental results one can obtain the magnitude of

the diagram бе) which corresponds to the three reggeon vertex

PPft *
 TIie las

'
b
 magnitude appeared to be small and urppo •

»(1*0,5) mb/GeV which is in good agreement with the previous

analyses [12-14} « At large masses, М х ^ Ю **eV, son-diffractive

processes resulting in a rapid growth of d^/oltclMx begin to

admix to the diffraction processes* In the work |_1б] it has bean

shown that one can obtain a differential cross section growth

in agreement with the experimental data by adding a background

term of the form;

to the effective three pomeron vertex*

In Pig.5b) it is shown the square of the radius К (Мл

of the vertex of diffraction particle production in the region

of small masses. It depends strongly on the mass of produced

particles, but it goes to 1 when f
l/
\y> 2 GeV» Pig. 5c) shows

the shower factor ClMx) for diffraction production. It depends

strongly on the mass r\% • However, at large values of My it

goes to 1 as 1/ К г .This fact shows that in the region of large

masses the contributions of the strengthened diagrams must be

negligible compared with that of eikonals» Thus, there is no

necessity to take into account the diagrams 7a), 7b) and 7c)

and it is quite enough to consider only the diagrams of the

type 7d).

Pig. 8 shows the interference term b(Mx) which is the

sum of the interference terms of CO and P =traj ectories
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with pomeron. In the region of small шазэез D\rlx) is negative

and depends strongly on energy. This fact shows that CO -pole

ia somewhat dominant compared with P -pole. In the normalization

of the work \1$\ the term 6(Hx) corresponds to the sum of

three reggeon terms «сК^уГлрр "*" /Их "TpftQ ) • Si
a c e
 "("хри

at My £$ 2.5 GeV one can separate the Grgpg and kp^R. con-

tributions each from other. They appeared to be equal to

2fia,GrOftp =(7.2^2) mb/GeV2 and 2&L Gr.R, »(-17,3-3)mb/GeV ,

respectively. Only Г -pole can give contribution to the vertex

(repp , while <-0 and P giv<3 contrition to G"POQ • ^
e

00 -pole contribution is significantly larger than the P -

contribution as a result of which the constant S'poR is negative»

The dependence of the torm 15(M*) on the mass of produced

particles is given in Pig. 9. In the region of small masses

I)(Их) repsats on the whole the behaviour of >7^-scattering

cross section in the resonance region. It is seen the sharply

expressed peaks in the mass region Mx'
4
' 1236, 1500, 1700,

1800 and 2000 MeVo This fact is in favour of the assumption

(following from the quark model) that •§•, CO , ff and До mesons

> are like /7 -meson by their main features and the fact that
i.

I they are off-mass-she11 gives small effect on their propertics
e

j. In the region of large masses the sum «"ft̂ ft -f Mx G"
D0
 °% three

I region constants corresponds to the term !D(M/) . One can

easily calculate them using the available data and in the nor-

malization £13} they are equal to оГллл «(62-8) mb/GeV and

Grnep =(3.5*2) mb/GeV
2

e
 All the obtained values of the three

reggeon constants in the normalization [_13] are given in Table2*
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Pig, 10 presents the differential cross sections d <3

of D. D procaases in the region of small masses and momentum

transfers at energies 15.1} 270 and 400 GeV
o
 As it is soen

from figure there is e sufficiently good description of experi-

mental data which witnesses the reliability of ths obtained va-

lues of the parameters. At energies which are available today

the peak in the differential cross 3ections is observed at

tA у 52 1 Л GeV, however, it must be shifted toward P A ^
1
 «7 GeV

with the further increase of energy. This effect is conditioned

by the fact that the pomoron proton cross section has a peak in

the region My ^ 1.7 C-eV.

In Pigo 11 it is shown the dependence of the slope of the

differential cross section W О/сИ^стИу on the mass of the

produced particles at low momentum transferee Though R

is relatively smooth function of Их the contribution of

the cuts results in the fact that o(Mx) becomes a function

with sharp maxima and minims in good agreement with the existing

experimental data»

f>. ELASTIC SCATTERING

In the previous section a good description of D. D processes

has been obtained with a sufficiently reliable paremetrization

of the vacuum amplitude of these processes* Now, let us consider

briefly how the obtained results influence the elastic A/A/scBt-

tering amplitude.

Since now we have the pomeron proton scattering vertex it

beoomee possible to calculate correctly the diagrams of Pig.1b),



1c) and 1d). Therefore, one can now calculate the S. F

according to the formula (12). The three-dimension picture of

Pig, 12 shows the dependence of the real part of the obtained

S. P on energy and momentum transfer
0
 As it is seen from figure

for a fixed momentum transfer in the beginning К & С
0
 increases

rapidly with the increase of energy, achieves a maximum at

Е ^ 50 GeV, then begins to decrease slowly» Our value of ftfcCg

at t =0 is much greater than that of the work p ] because

talcing into account the outs the pomeron proton scattering

vertex obtained by us appeared to be three times greater than

that in pole model» Fixing the energy and varying "t ftt W

begins to decrease with the increase of "t and it becomes even

less than 1 when
 A
 t •> 1. This effect is conditioned by the

fact that Jmrl^ changes its sign at t £s1 earlier than

J^l l0 and the amplitude ratio M ^ / • «0 in formula (12)

becomes negative.

The obtained energy dependence of Rfi.C0 influences tlie

total cross section. It results in the fact what the two pomeron

out having a negative sign is amplified differently at various

energies9 The amplification achieves a maximum in the region of

, the total cross section minimum and begins to decrease when, the
i

\ energy increases* This decrease together with the logarithmic

| decrease of the cut contribution results in a sharp growth of

': the total cross section in good agreement with existing experi-

mental data (see Pig. 13). The total cross sections insrease

rapidly up to E Щ 5000 GeV, then the rate of the increase

becomes smaller and the cross sections begin to go logarithmi-
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cally to their asymptotical value*

Thus, it is possible to make conclusion that talcing into

account oorreotly the energy and momentum transfer dependence

of S. P one obtains a rapid growth of cross sections even with

cKa «1 without making various additional assumptions,e.g.о(л>11

In conclusion the author expresses his gratitude to A.Ts»

Amatuni for guidance and constant interest to the work and S.G.

Matinian for useful discussions;'



TABLE I

The Values of the Elastic <>p««Soatter4ng- Vaeuum -Pole

Parameters

Ct -(7.131*0.05) GeT"2

Ъ -(0.55*0,05) GeV"4

Rjj-(1.7*0.1) GeV2

fiP-(0.7*0.2)

О

TABLE II

The Three Reggeon Vertices in the normalization Из]

Parameter бг^^ mb/GeV2

7.2*0.2

8.5*2

7,2 *2

11.1*0.5

62*8

-17.3*3

5.4*0.5

5 * 2

5*2

5*1

5+1

5*2
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FIGURE CAPTIOUS

Pig.1» Two veggeon cut*

Fig.2« Main pole diagrams giving contribution to reggeon cuts»

Pig.3. D, D process amplitudes.

71g»4*
 D
»

D
 differential cross section

e

Pig»5. Dependece of the main parameters of vacuum amplituae on

the mass of produced partioles;

a) Fomeron proton scattering total cross section,,

o ~ — pole model,

» model taking into account the cuts,

b) Dependence of the pomeron amplitude radius on M / «

c) Dependence of the shower factor C(Mx) on M y •

Pig* 6. Effective three pomeron vertex*

Pig*7* Corrections to the effective three pomeron vertex.

Pig.8. Dependence of the interference term p(nx) on M x •

Pig.9. Dependence of the term THM*) on the mass of produced

particles in the resonance region*

Fig. 1С. Differential cross seotion of the process PP~"*pX

in the region of small produced masses and momentum

transfers at energies 15.1; 270 and 400GeV»

Pig.•i• Dependence of the slope of the differential cross

seotion for the process pp "* p л on the mass of

produced particles*

Pig. 12* Dependence of fl&Co (£/t) on energy and momentum trans-

fer.

Pig.13. Total cross sections of Г Р and f>P -scattering*
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