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Abstract

This paper is mainly devoted to the presentation and discussion of formulas for
the cross section of photon diffractive dissociation. The calculations which we present
in a very detailed way are based on perturbative QCD. We improve formulas which
describe this process in the Triple Regge Limit where the square of the missing mass
My (the invariant mass of the bunch of secondary hadrons) is much larger than |Q?]
and extend the range of validity to the region where M% is of the same order as |Q?|.
The comparison with calculations done by Mueller and Qui [1] leads us to the conclusion
that whenever quarks are involved in the triple ladder vertex the AGK cutting rules
are violated whereas for gluons these rules seem to work.
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1 Introduction:

Diffraction dissociation processes in general provides us with the basic information on the
dynamics of ”soft” interaction. In the framework of the old-fashioned reggeon approach
the soft interaction at high energies was reduced to the interaction between Pomerons via
the triple Pomeron coupling constant (Gap see fig. 1.1). Its value was extracted from
experimental data on diffractive dissociation with a large missing mass (invariant mass of the
bunch of secondary hadrons M) 7, ?] (see fig. 1.1). Although there are large uncertainties
in the value of Gap (see [?]) the procees of diffractive dissociation gives the only possibility
to estimate this value.

The process of diffractive dissociation in deep inelastic scattering looks especially inter-
esting for three reasons:

1. The natural scale of hardness, namely, the large value of |Q?| (see fig. 1.2} gives
hope to develop the theoretical approach to this process within perturbative QCD. Such an
approach was suggested in the paper of GLR [?] and has been developed in a series of recent
papers [?, 7, 7].

2. The virtual photon in the diffractive dissociation probes the structure of the Pomeron.
This means that this process could lead to a better understanding of the Pomeron structure.
The idea to describe the diffractive dissociation process with the help of a Pomeron structure
function was firstly introduced by Ingelman and Schlein [?] and has been discussed from
another point of view in ref. [?, 7, ?, ?]. The perturbative approach to the diffractive
dissociation allows to examine the above ideas on a theoretical basis and helps to clarify
what the Pomeron structure is.

3. The diffractive dissociation in deep inelastic scattering is closely related to the screen-
ing (shadowing) corrections in deep inelastic scattering through the AGK cutting rules [?]
as was noted in [?]. So diffractive dissociation can give direct information on the screening
(shadowing) corrections, and the theoretical understanding of their nature is equivalent to
the understanding of the nature of the screening (shadowing) corrections. Moreover, experi-
mental studies of diffractive dissociation will test our understanding of screening corrections
in the most direct way.

The main goal of this paper is to develop the Leading Log Approximation (LLA) of the
diffractive dissociation of the virtual photon in the framework of perturbative QCD and to
present reliable formulas for this process. We should mention that we cannot present the
final answer of this process but we hope that this paper is the first stage of the theoretical
approach and provides a solid basis for the interpretation of HERA’s future experimental
data.

The paper is organized in the following way: in section 2 we discuss the kinematics, the
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small parameters and the main results which include the evolution equation of the process
and some comparison of the idea of the Pomeron structure function with our QCD approach.
Section 3 contains the Born approximation of the production of two quarks, i.e. quark and
anti-quark, and the production of two quarks with an additional gluon (3-jet event). Section
4 deals with the problem how to generalize to an infinite number of jets. In section 5 we
summarize our results, and the appendix contains all technical details of the calculations.

2 The strategy of the approach and the main results:

2.1 Kinematics and notations:
In this section we would like to outline our approach and we begin with the kinematics and
the notations that we are going to use throughout the paper.

First of all we would like to introduce the light-cone vector €, which characterizes the
incoming virtual photon.

Q, = Q.+ z8p, (2.1)
where Q7
LR = = 2.2
2Q:7) 22)
is the usual Bjorken variable. The main property of @}, is the fact that
Q" =Q"+2z5(Q,p) =0 (2.3)
As energy variable we use
s =2(Q,p) (2.4)
It is easy to see that
5=(Q+p)P=(-2zp)s (2.5)

We expand all the momenta of the particles in our reaction in terms of @}, and p, using
Sudakov variables [?]. As example we take the momentum u OBwhich is transferred along
the Pomeron and write it as:

Uy, = auQL + ﬂup + Uty (26)

Using eq. (2.6) we can express the mass of the produced particles M% through o, and 3, in
the following way:

Mg =(Q+u)* = (1+a)(Bu~ 28)s + (2.7)



while

2

(p—uw)i=m? or s -ul=0 (2.8)

From eq. (2.7) and (2.8) we get
M% + zgs — u?

(1 + e,)s
M} + zps — ul

Bu

Q

8
M3 + 1@

: (2.9)

24

since |ay| = E} < 1.

An important assumption for the diffractive dissociation process is the smallness of the
missing mass My compared to the total energy v/ & /5. This means that (see eq. {2.9))

By — 25 K 1 (2.10)

For each produced particle we have the condition that its energy is positive. With this
condition we can formulate the following constraints on «; and 3; :

Qo+ (Bi + auxp)po > 0
—a, Qo+ (1 — Bu —awzB)ps > 0 (2.11)

Finally, the energy momentum conservation leads to the equation:
1+ o, = Z Q;

Putas = 3 Bi . (2.12)

2.2 The scale of hardness:

If we want to apply perturbative QCD to the diffractive dissociation process, we need to
specify the scale of hardness that appears in this process. Our first and natural scale is
the large value of |@?]. But, this scale is not enough to apply the method of perturbative
QCD. We need to specify what the Pomeron in QCD is. Our present understanding of the
Pomeron in QCD could be expressed in the following way: the Pomeron is a ladder diagram
(see fig. 2.1). This approach can be justified only, if we assume that the initial virtuality

|Q2] is sufficiently large and the final vituality [O3] lies far above the initial one, namely,

[l >1Q3  and o, (IQ3) < 1 (2.13)



It has to be stressed that we have to introduce both parameters Qq and @, ad hoc. Indeed,
|(?| (transverse momentum of the parton inside the proton) is the starting value for the
GLAP-evolution equation [?]. If we know the proton structure function at |Q3|, the GLAP-
evolution equation gives the structure function at the larger scale |@Q?|. However, in the
diffractive dissociation only partons with a transverse momentum which is substantially
smaller than |Q?| are involved. In order to treat this case we need to assume that the
minimal transverse momentum of the produced particles is large enough (|&;| 2 [Qql) to
be sure that perturbative QCD still works while calculating the cross section. A negative
consequence is that we cannot calculate the total cross section of diffractive dissociation.
What we actually do is to calculate a part of the diffractive dissociation, namely, the cross
section of the following process:

Y(QY) +p = ets(lhy, | 2 Q) + X + (2.14)

Now, we would like to summarize what we are able to calculate. It is the process of jet
production in the diffractive dissociation with

by, | > (ol where Q%> [Q5l > Q3 (2.15)

In the course of our paper we will discuss the natural scale for [Q?,L and we will present
some estimates for the total cross section of diffractive dissociation.

2.3 Small parameters and leading logs of the approach:

In this subsection we would like to clarify what our small parameters are and which type
of logs we are able to sumn in the Leading Log Approximation (LLA) of perturbative QCD.
We first have a look on the Double Leading log Approximation (DLA). This approximation
was used in earlier calculations of diffractive dissociation {?, ?]. It is capable to explain the
most typical and important features of this process. In our paper we concentrate on the
generalization to the case of single leading log approximation and do some improvement in

the DL A-region.
Now let us list the parameters for DLA:

(S

anfe <1 a,ln% <1

Q

£

(@) < 1 (2.16)
o, ln % In %% >1



and

a,lnﬁlSI , a,ln%&ﬁl
u 0
(IQzl) <1 (2.17)

a,ln 1 1n—%>1

Using these small parameters we are able to calculate the cross section of the process shown
in eq. (2.14) in the kinematical region:

1> ﬂu > T
—_—
Q2] > (@ > Q3 (2.18)
lu?| < Q3|

The set of parameters in eq. (2.16) and (2.17) indicates the kind of logs we take into account.
It is clear from fig. (2.2) that we sum all logs due to integration over 3; and k;, of the emitted
partons (In ﬁ In |kZ|) while we calculate the structure of the Pomeron in DLA.

The most important property of the cross section for diffractive dissociation in comparison
to the usual leading log approach of the deep inelastic structure function is the higher
twist integral over the transverse momentum of the slowest parton which has no logarithmic
character and looks as follows (see also fig. 2.2):

o dik
Je R (219

This integral indicates the need of introducing the lower cut off |§§| for |kZl. If there were
none, the integral above could dominate at the absolutely lowest bound |@g|, i.e. there would
be no room for the Pomeron to evolve. We have to take care and introduce a new lower
bound which lies sufficiently far above |@3|. Another point which is illustrated by expression
(2.19) is the fact that, since QCD is a dimensionless theory, the extra dimension coming
from the integration over the momentum transferred along the Pomeron (in our case the

integral over u?) is compensated by ch!'ﬂ The extra power in the denominator of expression

{2.19) also suggests the conclusion that the main contribution to the total cross section of
reaction (2 14) originates from the region where k; & ¢, and that we can neglect logs of the

type In —i; But this is not always the case 2. As soon as we write down the corresponding

evolutlon equa,tlon this problem becomes releva,nt for we need to take the derivative of (2.19)

at |@*| and all possible logs of the type In 5& change into logs of the type In %7 which are
1] ¢

essential.

2The complete integral over |k?! could have a saddle point above |TQ'§{
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We are going to improve our DLA approach by expanding it to the following kinematical
region:
1> B, 2 zp
11 > [@ol > 193] (2:20)
luf| < |Q3
In this region we sum all logs In %; but «a,ln —E & 1 . This means that the energy (5

in fig. 1.2) of the produced particles may be umformly distributed among them without
any ordering. In this region it becomes very difficult to calculate all essential logs. In DLA
we can manage this problem, but in the single log region In —0'-7 we will neglect logs of the

the type In :5; under the integral in (2.19). So, we face the problem now, that due to the

complexity of ‘the complete procedure we cannot do more than calculating the cross section
in the kinematical region where the slowest produced jet has a transverse momentum close
to ,. But, we hope that a numerical analysis of this process will justify this restriction.
More details about this problem will be given later.

There is one more kinematical region which may be studied with the help of the calcu-
lations presented in this paper®. This region is:

1 > ﬁu > TB
-2
Q% > [@ol > Q3] > |ufl (2.21)

In this case we have o, In f—; >1but o,ln %; < 1 and there is no ordering of the transverse

o

momenta of the produced particles.

In the following we discuss two more regions which may be of interest for future exper-
iments at HERA or hadron-hadron colliders which we have not calaculated yet. The first
region is:

1> ﬂu > rp
-2
Q%] 2 luf| ~ |@o| 2 1Q3] (2.22)
The momentun transferred along the Pomeron (u?) now plays the role of the lower cut off.
This region is most natural for perturbative calculations since the Pomeron is now completely

hard.

The second region is:

1 >> ﬁu >> .',EB
1Tol > Q%] > 1Q3 (2.23)

3We do not consider this case explicitly.




In this kinematical region the jet production is the hard process and the jet with its large
transverse momentum can be viewed as the probe of the process. The diffractive dissociation
in deep inelastic scattering in this region is a good model for hard jet production in hadron-
hadron collision.

At the end of this subsection we would like to mention another small parameter which
is 5 where N denotes the number of colours. Due to this small parameter a large amount
of gluon emission producing double logs of the type In -’3— In —i; is suppressed. This class of

contributions we will neglect.

2.4 The main properties of the answer:
In this subsection we start the discussion of the final result for the cross section of reaction
(2.14). The details of the calculation will be given in the next subsections.

The result is the generalized formula of GLR [?] now valid in the kinematical region
(2.20) * and looks as follows °

ﬂudO'DD . oy [

e (4" + p — get(|k]| > +X+p =
a0 jet(k| > [Qol) )lﬂm‘)|

oo o AT 1 dz e (IR ad((1 - 2K
Gl ST L Tw S e

[etenf (@) + 8208 (G ) + 2:24)

SN® k7|t e RNl ao((L=2Ie)) FF apr (_E o
N2_1 = /L o 'Eilr 7 An ( )D (WaIQ |,|q2|)] )

) [ﬁuD}Cj (ﬁu, |k2|: lQOl)]

All notations should be clear from fig. 2.2. G2¢ denotes the proton form factor which is 1 for
u? = 0. Any function D stands for the particle distribution of a dressed parton (quark or
gluon) after evolution from some low to some large virtuality. In expression (2.24) we have
to be more careful with the treatment of our scales than we did before. As usual |@Q?| gives

the upper bound of our virtualities |k%| and |¢*|, but IQ—§| we introduced as lower boundary
of the transverse momentum squared |kZ|. Since we use |k?| as variable of integration we
have to devide —Q_z by 1 — z due to the relation |k2| = (1 — z)|k?|. Which value the argument
of a, should take can be found in ref. [?]. Following this paper we rescale the argument of a,

4except the third term in expr. (2.24) as will be explained under point 2 of this subsection
5for transverse polarized photons



from |k?| to (1 —2)|k?|, i.e we take |k?| as a.rgument for r,. The main new results of equation

(2.24) are the splitting functions &%, ®F and <I>G The first two describe the interaction
of the Pomeron with quarks and gluons. New in comparison with the GLR-formula is the
Pomeron interaction with quarks. This process has been calculated in the paper [?] and
[?] but with two different results. So we repeated OBthe calculation in a slightly different
technique and found the splitting function ®% which is the corrected version of {?] and which
coincides with the result in [?]. Besides, we found the second splitting function ®¢ which
describes the interaction of the Pomeron with gluons not only in the region of small z (Triple
Regge Region) but also for z of the order of 1. This means that we extended the region of
applicability to the complete region including large missing masses (Mx) as well as small
missing masses.

1. Splitting functions:

Before we go on with our discussion we should give the explicit expressions for the new
splitting functions:

oE(z) = 5—%162 (1-2)
®6(2) = ;flzxzu ~z)? (2+%)2 (2.25)

D,(2) = 3z(1 -2)(2:—1)

2. Gyr-structure function :

The first two splitting functions were firstly derived in [?]. The third splitting function
in eq. (2.25) is a modified Altarelli-Parisi splitting function. It is part of the third term
in the square brackets of eq. (2.24) which we name Ggy- structure function. It was firstly
introduced by Mueller and Qiu [?]. Our splitting function @G is different compared to theirs
due to the fact that they used the double multiperipheral cut to evaluate Gy instead of the
diffractive cut as we did. In our understanding the Ggr- contnbutlon is beyond the leading
order due to the extra factor + which results in some log In éf But, as we mentioned in the

subsection before we are not allowed to neglect this contribution. We hope that the following
short calculations will shed some light on the problem of this next to leading contribution.

The basic point in our approach is the fact that the integration over the transverse



momentum of the slowest produced parton has the form ©:

jm d|k?|
I

aa Kk

(2.26)

Indeed, if, for example, out of n partons m are produced with smaller transverse mometum
than k, their contribution to the cross section turns out to be small. In LLA we would have
to evaluate an integral of the type:

g Q? k2 d|k?|
n (n-m) | ¥ m | N
o In (k2 ) In (Qﬁ) X (2.27)

1!

The integral {2.27) yields
2 2
,_iza:: Jn(*—™) (%) - —12-—a:Blnm (9—2) (2.28)
@l Qo @] Qo
In the expression above we kept only the terms with the leading number of logs. Since

|'Qf,| « |@?| the maximal answer will occur when m = 0. This means that we do not need

to take into account the emission of gluons which are slower in their transverse momentum

than k;. However, if the whole sum of all logs ln(gg) leads to a function which is large (of
[

the order exp {aas 111(%27)} ) we cannot trust the estimations above. In this case integral
0

(2.27) is proportional to

1 1 oy [ @7 1 {Q*\*™
1 — aa, {lQol Q(zl Q% o ( )

We can see that in the case of aa, > 1 we need to take into account all contributions of
the kind ln(géf) . Another example where the integral in eq. (2.24) does not dominate at
0

the lower limit |§3| but at the upper limit |@?| is given under point 4 in this subsection. We
can summarize the situation in the following way: in a rough estimation of the cross section
for diffractive dissociation we can neglect Gy but for the sake of completeness and for the
evolution equation we need to take into account this contribution.

There is one important shortcoming in the expression of Gy in eq. (2.24) which we have
not mentioned yet. It is valid only in the region of small z (Tripple Regge Region). That is
why we put only % in front of the third term in eq. (1.24} and not the complete splitting
function. We hope that in future we are able to improve the accuracy of our answer.

3. AGK-cutting rules:

®In order to simplify the discussion here we neglect any factor (1-z)
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Formula (2.24) allows us to check the AGK-cutting rules [?] using the result of Mueller
and Qui [?]. They calculated the screening (shadowing) corrections to deep inelastic scat-
tering in the double multiperipheral cut (both ladders are cut) assuming the validity of the
AGK-cutting rules. The AGK-cutting rules in general say that the total diffractive cross
section which includes the integration over |u?| and A, should be equal to the screening
corrections with opposite sign. Fig. 2.3 shows graphically what the integration over 3, and
|u?| means. To perform this integration we need to specify the bottom vertex in fig. 2.3 in
the same way as it was done in ref. [?].

It is easy to see from eq. (2.25) that the amplitude M which describes the interaction of
the Pomeron with the proton is equal to

M(jfl) = 3_ G (I ) (2.30)

and does not depend on j3,. p* denotes some state with the quantum numbers of the proton.
All structure functions in eq. (2.24) do not depend on u?. So, the integrated total cross

section of the diffractive dissociation is proportional to

J R (2:31)

To compare with the value of screening correction we do not need to specify eq. (2.31) because
the same integral determines the value of screening corrections ”. Finally the conclusion of
the comparison is the following one:

A. In the case of the gluon-Pomeron vertex the AGK-cutting rules work and our answer
coincides with that of Mueller and Qui (with opposite sign of course).

B. For the quark-Pomeron vertex, however, we got quite a different result. This means that
AGK-cutting rules do not work in this case. We consider this result as very instructive but
disappointing. A complete investigation of the AGK-cutting rules we prefer to postpone to
a separate publication. We think that the observation we made here is very important and
motivated us to present here the detailed calculations of the diffractive dissociation cross
section including the discussion of all possible contributions to this process.

T

4. Kinematical region 1

It is very instructive to consider the cross section in the kinematical region -5’— 1.

Here, we can integrate over |k*| in eq. (2.24) without any additional cutoff |02, or in other

words, the natural cutoff turns out to be |@3| 2 |Q*| ®. Indeed, in the region 7= ~ 1 we

"detailed discussion on this subject see ref. [?] and appendix A.
8See ref. [?] where this problem was firstly discussed.
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can use the following asymptotic expression:

DE (2,1@%,1#*)) = exp{cﬁ([z(;éfl(if)]— Gl opemeoert . (23)

where &, is defined as & = 1 In ln(}ﬁl). Inserting eq. (2.32) in eq. (2.24) yields

A2
B, doPP(~v*p — Xp) 4r%etae, 877 1 z— E €q
dpB, d|u? = Lo w3 Je 1 A -
B |ut| F |Q| B Z €@

exp {Cz [3 — 4yg + 41n(1 — 2)] (o — &) — 2bEk — e"f"} .
I' [4C2(8q — &x)]
- [8.D8 (B 171,1Q3)]" - (2.33)

One can see that in the region where 7= is very close to 1 the integration over £, has a saddle
point near to the upper bound £g.

This is one example how a natural scale for E)“?, could appear in our process. The only
problem that we have is the accuracy of our approach, since in this kinematical region we
cannot apply our selection of log contributions. In the integral over |k?| not only small
|3 =~ |@3| are essential but also suﬂiciently large ones. We suspect that in this case not
only the slowest partons have the spectrum %% 2. However in this kinematical region there is
only a small number of produced secondary partons in the upper ladder of fig. 2.2. So here
we are able to justify our approach.

5. Fuvolution equation for the diffractive dissociation structure function:

Now, we would like to introduce a structure function which describes the contribution
to the structure function of deep inelastic scattering due to diffractive dissociation at fixed
mass Mx. Namely

2
(ﬂu 8,107, IQOI) _

2 2 19?1 d|k*| a2((1 — z)|k?
]leG |ut| d|uz| / !IE_EZ_I L4| ( T LA, .
. [‘I)g(z)D?G (ﬁ ; l,lkzl) + @g(z)Dg‘G( ad |,|k2|) + (2.34)
2 2 1 P 2| Qs _ zr T , \
Ll fﬁ_ i Jli qul (=D g pre (ﬂuzz"’Q L lg ,)] .

. [8.D§ (8, 1K1, 1Q31)]”
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2

Differentiating equation (2.34) with respect to In(%y) leads to the following evolution

equations:
0 ( 8..1Q", 10 1)
am(@h BT T
- [ e 0307 (52,80 1,100
+ ®L(z) GPP (ﬁu s Buy |Q%) IQUI)]
rlezeq)| drdl [ed ((1-£)1Q7) ;
pial] { 2020 0y () (08 (Bule?hiad)] +
8N? 8, (19 dik*|a(K)) -
TNTTT T Jw TR 16 jr =5
Oy - 2 2 2
202D 7)) (8.6, (5.1 I,IQOI)]2};
(2.35)
J
GDD( y My 2 0) -
@ 5 %1, Qo
_t dz a((1 - 2)1Q?) 2
- [ el [a500° (25 .10 13
+ 88(z) GPP (ﬁ s Bus Q7 IQOI)]
Flezsqun] dle?| o ((1-£) 1Y
; m' ( 16) )éG(ﬂ) (8,65 (a1 1071,103)]
Here, we use the notation D5, = ¢P2 and DS, = GPP. The functions ®? , ¢ , &7 and

& are the usual splitting functions in the GLAP equatmn The other sphttlng functlons
were defined in equation (2.25). Up to now we used [@a| as lower bound of the tranverse
momentum squared |kZ|. In a simpler version of equation (2.35) we give 1Q0| a new meaning
actually as the starting virtuality of the evolution. Strictly speaking, since [k}] = (1 — z)[¥?],
this redefinition leads to a different result than we would get from equation (2.34) but
withinOB our approach this should not be too serious. In the same context we go back from
|kZ] to |k?| as argument of a,.

The two equations above now give the possibility to discuss the idea of Ingelman and
Schlein [?] to introduce a Pomeron structure function which is simply the solution of the
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usual GLAP-evolution equation with some special initial condition. At first glance on eq.
(2.35) we conclude that it is impossible to introduce something like the structure function
of the Pomeron. This becomes clear even by looking at eq. (2.34), since the structure
function that corresponds to the Pomeron exchange ( ﬂuDG) explicitly depends on the internal
virtuality |k?| and cannot be replaced by the flux of the Pomeron as it was done in ref. [?].

However, in the region of not extremely small 3, (see point 7) when the value of (3,D§)?

cannot compensate the factor % in the integral as well as not extremely small i (see point

4) we can see that the integration over |k?| is concentrated at |£?] ~ |Q2|. In this kinematical
region we can replace 8, DS(B., |k*,|QE]) by B.DF (Bus |21, 1Q2]) and define the Pomeron

structure function as follows ¢
DES (i, Q7. @;’u)
58 (£, 8,1Q7, IQDI) Ied 16
[ﬂuDG(ﬁu,lQol Q20" rlez ()| du?| oX(1Q D

1 dz rl@? d[k2|a (1&%)) F FG
IQolf /‘QUI T @) [qw (2)Dg (E,IQH,IM) +

(2.36)

&

1§ (z) DEC ( e WI)] .

We have already neglected the Gyr-contribution. The main property of eq. (2.36) is the

fact that the newdefined function only depends on the ratio -= and not on f, itself. Again

Bu
we transform the integral equation above into a differential equation '%:

9 PlT ~2 —2)
Sy (ﬁu,IQ N

9:{4!%20 [ = [@g(z) ( 7197 IQOI) + 95() G (
A )
T

v -

(2.37)

9Here we do not apply any of the standard definitions found in the literature [?, 7). The definitions there
were motivated phenomenologically with certain assumption on the Pomeron structure function. In our case
we are just interested in the point how to simplify the diffractive dissociation structure function in order to
apply the GLAP equatiocn.

10We set DE = ¢¥ and D§ = GF.
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amfg;i) (e @) =

_ Bﬁ‘f.-’ig'—) [ fogera (@) + 98067 (55

& 2

Pa
9 g (= )
s(IQOD ﬂu
At first sight eq. (2.37) is still not the same as the GLAP equation that has been used in ref.

[7]. However, within our accuracy we should neglect the last term in eq. (2.37) at large Q%
The above equation then reduces to the GLAP equation with the specific initial conditions:

P T 72 75 = LIE 05100 = &7
(ﬁu,lQol,lQol) q (ﬁu,|cz0|,|@0|) o, (ﬁ)

(2.38)
P(Z@n) - o8 (5] -
It should be stressed that we do not need the energy sum rules
[ dez (¢ (2, 1@, @D + 672, 1Q°L QD) = 1 (2:39)

for the normalization of the Pomeron structure function. In our case this is done by equation
(2.36) through the cutoff |Q_§| We finally have reduced the problem of evaluating the cross
section for diffractive dissociation to the solution of the GLAP equation (2.37) with the
initial condition (2.38) and its normalization due to eq. (2.36). The variables of the evolution

procedure are £~ and |Q?-

The question is, now, what can we do if we are interested in the total cross section of
diffractive dissociation including the region of integration over |k?| below |Q0| There we have
to assume something about the contribution of jet production at small |k,]. We think that
the best we can do is to move to the "soft” Pomeron phenomenology with the experimental
value G3p as soon as |k;| becomes smaller than 1GeV. At |k,| ~ @, we can match our "hard”
formulas with the phenomenological ones and extract the value of the natural cutoff Q, in

q. (2.36).
We can draw the conclusion that in the very rough approach where we neglect the con-
tribution proportional to ﬁ it is possible to introduce the deep inelastic structure function
of the Pomeron with well defined intial conditions (2.38). But, at least when £ A reaches 1 we

cannot believe in these initial conditions, since then the typical value of |k?] in the master
equation (2.24) approaches |Q?|. In this case the eq. (2.37) gives an idea what change we
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need to introduce for the structure function of the Pomeron. What happens when 3, comes
very close to 0 will be discussed below.

6. Erperimental suggestion:

We would like to note that we can introduce the sum
FX(z,10%|) = F 2 a2 Fre (L 21\ d8,d 2.40
F(@ Q) = Ba(e Q)+ [ |GEuiD] FP7 (5080 1Q% ) dBudiy]  (240)

where the second term is the integrated contribution to the diffractive dissociation structure
function.

This sum has a very simple and remarkable property, namely, there are no screening

corrections if the AGK-cutting rules are correct. It means that Ff~ obeys only the usual
GLAP equation without any nonlinear term while each contribution separately has these
screening corrections.

In some sense the experimental study of FPP in comparison with F; can give us the value
of the screening corrections as well as a direct check of the AGK-cutting rules.

7. Transverse momentum distribution of the slowest jet in the diffractive dissociation:

As was noted in ref. [?] we have a different distribution over the transverse momentum
of the slowest jet in the diffractive dissociation (k; in fig. 2.2) in comparison with the
distribution in a typical inelastical event in the deep inelastic scattering. It is easy to see
directly from eq. (2.24) that

B, daPP
dp, dyuf| d|k}|

luf1<|Q§|
dnlela,, oX(k}) 1 1 d
IGQG |ut )| E: TrepQ as(l t|) / z T (1 mz) .

= 1@ 16 £z B
Joons

“'i) + @,Ci(z)pg( s 1@, “‘f') + (2.41)
2 2 Q2| dla? a,((1 =z ) )
o W 8 A eGSO g 0r (55 )

.05 (s, L |QD|)]

The main factor here is kl—.‘ while the corresponding distribution in the deep inelastic scattering

2"’

is proportional to I?_I So, we see that in diffractive dissociation the typical transverse
momentum is much smaller than in the inelastic cross section of deep inelastic scattering
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and the dependence on the lower cutoff is much stronger in diffractive dissociation than in
deep inelastic scattering.

8. Kinematical region 3, — 0 and x — 0:

Taking our master equation (2.24) again we would like to examine the region of small
zp ( zp is the Bjorken variable for which we use the notation z) where 3, also goes to zero.
We claim that in this region we leave the lower cutoff [’Qﬁ[ and integrate over the complete
region of |k?|. This has already been discussed in the GLR-paper [?], but here we are going
to stress some particular features of diffractive dissociation (see also [7]).

In order to illustrate all problems and properties of our process let us use the double log
asymptotics for all our structure functions in eq. (2.24), namely

Gle, 1G], 62)) ~ exp {\/mN(gQ _¢)n (-i-)} (2.42)

£; is defined as 3 lnln (J—l) With this asymptotic expression the integral in (2.24) looks as
follows:

O A e S e 6

(2.43)
The integration over z has no influence on the double log asymptotics and we can omit if
here. Looking at eq. (2.43) we immediately see that there is a saddie point in the integration
over ;. Its value £ can be found from the equation:

| s | 1
be'%t + 1J16NZQ( E)k \]16N%’3—-(f-"-—)— =0 (2.44)

There is one region

1 [4nin(&)
& < T [bg Zo - EJ (2.45)

where we can easily find the solution of eq. (2.44), namely

o _ 4111( )EQ+1ﬂ( ) £as

% = 4In(£) +1n (&)

Inserting this result in eq. (2.45) yields the kinematical region where eq. (2.46) is justified.

41“( )5Q+1ﬂ(")€qa 1 4Nln( )+4ln( )
410 (F) +1n (%) < %" [52 o —&qo ] ' (2.47)

(2.46)
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This kinematical region corresponds to a missing mass squared M% which is much larger
than |Q?| and a large value of |k?| which is close to |@?|. The suppression with increasing
|k2| in this case is due to the structure function of the upper ladder and not due to the factor
7. We have the compensation between the two lower ladders and the upper ladder. The
opposite kinematical region is:

1 [an In (&)
> —ln|—o——= 2.48
Ek 2% n [¥) EQ - Eko ( )
With this condition we get the following equation for £g:
1 1 16N 1
62 + 5 In(b(€R — €0,)] — 5 In [-5— In (ﬁ_)] =0 (2.49)
When we further restrict the region for é2 being
16N (1 .1 [anIn(Z)
— — —lIn | — 2.50
% In (6u) g, > & > 7 n |: Bty — tn ( )
we come to the solution . 6N .
o . — -

To be consistent in our estimations we have to fullfill the relation

Inln (%) > Inl (ﬂi) +1n (45&2 —2In [l%j\f In (BL)D (2.52)

In the region that we are discussing now the missing mass My is, on the one hand side,
much smaller than /s, on the other hand side, not extremely large compared to 1/|Q?|. In
this case the two lower ladder compensate the factor :—4

Both solutions for £2 depend on B,, i.e. the missing mass My, and as long as 3, is small
enough we do not need a lower cutoff like |G(2,| for |k*|. Le. the cross section of diffractive
dissociation does not depend on [Q5.

The first solution £9 in eq. (2.46) does not allow the definition of a Pomeron structure
function in the sense of eq. (2.36) because £2 depends on and |@?|. The second saddle point
solution (2.51), however, only depends on 8, and provides us with a new scale 1k?| which
serves as starting point for our evolution equation (2.37). Eq. (2.51) leads to the following

expression for |k3|:
|k2| = A% exp [J %m (-Bl—)] (2.53)
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As before ¢f and G¥ denote the solution of the evolution equation (2.37) together with the
initial condition (2.38). The normalization has to be changed including the width of the
saddle now. The diffractive dissociation structure function turns out to be:

(r . 1-

P (2pul@tl) = o (Fopi@l) VAR (14—t # (B
ua Uy u, iy = A2
’ ? m(@)

()

(ST

“ L

Jleze ] dnl ()
]

(8D (B W1 1Q2D]
(2.54)

- - -1
¢ N —3

z k3|
GDD( ,ﬂlezl) = 6" (—,ﬁu,lQﬂ) e — L i (LQ.)
1 u k A2
g g 21n (L—: _ﬁ-))

€

vk

11zt dndl as(wn 2
. o [6.DE (8. 1421, 1Q3D)”

The equation above reveals the strong dependence on the proton structure function Df
whereas the evolution from |&2| to |@?| turns out to be a small correction which we even
neglected while evaluating the saddle point {passing from eq. (2.44) to eq. (2.51)).

So far we assumed the simple double leading log asymptotics for the proton structure
function which has to be modified by taking into account shadowing (screening) corrections.
These corrections correspond to diagrams shown in fig. 2.4 which were summed by the
nonlinear evolution equation (GLR-equation, see ref. [?, ?]). Since the GLR-equation only
gives the possibility to calculate the structure function in the region where the shadowing
corrections are still small, we need for very small 3, some additional hypothesis, the so called
parton density saturation hypothesis.

2
a;g’;—ﬁb for k2| < ¢2(8.)

(2.55)
aB5e for k] > g3(5.)

8Dy (B, 1421, 1Q5)) = {

where ¢2(8,) is equal to (see [?, ?])
qO(ﬁu) - QU + A2 exp {3 56,|In (ZO) } (2.56)
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In the framework of the saturation hypothesis we can calculate the total cross-section of
diffractive dissociation. It is easy to see that using eq. (2.55) the integral over |k*] in eq.
(2.24) is convergent and takes the form M

BudaPl
a8, o] (v*p — Xp")

[ | Q2
21 21 |2 irietae, 4 o Vdz 2 ai(g3(Ba))
_ z — = R, 257
|G’p (]ut|)| E Q2] 3¢2(B.) '[F:: z B, 16 (257)

&

[o5erf (10t di8) + 0808 (55 1@ abtan) |

In this kinematical region we can introduce the structure function of the Pomeron using eq.

(2.36) with @(2] = ¢2(B.). For this structure function again we can apply the usual GLAP
evolution equation with the initial condition (2.38).

At the end of this section we have to discuss another type of corrections. These are
emissions below the cell in which we have il[f;i integration (see fig. 2.5). This extra con-
tribution is similar to Ggr that we have discussed under point 2. It is not suppressed by
any power of a, [7, 7] , but it turns out {?] that due to the colour structure of QCD the
emission of gluons below the cell with %’i—ﬂ integration are proportional to 7—. This factor
is numerical small and we do not take into account the corresponding contribution. In ref.
[?] such contributions were investigated in detail and it was shown that we have to multiply
our answer (eq. 2.24) by a factor

R? = Bexp {Sd 16N In (ﬁi) (60— gqo)} (2.58)

with § = 102 for N = 3. One can directly conclude from equation (2.38) that such emission

give negligible contribution for any reasonable value of In (51:)

3 Photon diffractive dissociation at Born-level:

This section is devoted to the technical details of the calculation of the diffractive dissociation
cross section at Born- level. The next section will include the generalization to higher order
of perturbation theory.

Due to the fact that the photon couples to quarks only (and not to gluons) the minimal
configuration of the diffractive dissociation process is the dissociation into two quark-jets

1'We have neglected the Ggr contribution because it is beyond our approach here.
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(quark and anti- quark) (fig 3.1). The next step towards the complete description of photon
diffractive dissociation is the inclusion of one gluon-jet (fig. 3.7). These two cases serve as
starting point for the generalization.

3.1 Photon diffractive dissociation into two jets:

Since photon diffractive dissociation is part of the general deep inelastic scattering, another
name for our process could be diffractive deep inelastic scattering. New in the case of
diffractive dissociation is the more exclusive final state which contains the proton only slightly
scattered. The rest of the particles in the final state (here quark and anti-quark) take the
quantum numbers of the photon. The quarks and the proton are well separated in rapidity
provided that the missing mass My (invariant mass of the two quarks) is much smaller than
the c.m.s.-energy /5. Naturally, |@*| < M% ' so that all our discussion is restricted to
a small x-Bjorken ( zp = z in our notation) . In this region the leading contribution to
the cross-section comes from the Pomeron-exchange. At Born-level and in the framework of
QCD the Pomeron is represented by a pair of gluons in the colour singlet state.

Fig. 3.1, now, shows all the diagrams which have to be taken into account. Gauge
invariance requires a set of diagrams which includes all permutations of the photon and the
two gluon lines. Diagrams with crossed gluon lines were not explicitly shown in fig. 3.1,
instead each single diagram represents the sum of two diagrams with and without crossed
gluon lines. We do this because summing the crossed and uncrossed diagram (s-channel and
u-channel contribution) results in the approximate cancellation of the real part of these two
diagrams. Only the imaginary part is left.

The momentum u which is transferred along the two gluons was already introduced in
section 2. For simplicity we set u? which is the momentum transfer ¢ equal to zero. This
assumption is realistic, since the proton’s form factor decreases strongly with increasing ¢.
In the following discussion we further assume that the two gluons couple to a quark instead
of the proton in the lower part of the diagram. The scattering of the Pomeron on the proton
is given in appendix A.

Before we start the explicit calculation we should mention that a similar calculation has
been done by Ryskin [?]. While checking his result we found some mistake and present
here the correct answer. Nikolaev and Zakharov [?], too, have calculated this process but
used a different technique. It is possible to transform their result into ours. The main
difference in the technique is that we apply the Leading Log Approximation which allows
the generalization to higher order perturbation theory which we are interested in.

Since our approach is based on the Leading Log Approach we concentrate on the region

12|1Q?| could be interpreted as the mass of the incoming photon
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of integration over |IZ| (see fig. 3.1) which yields some log in |Z§3| This requires the strong
ordering of the tranverse momenta (for notation see fig. 3.1):

Q7| > k{1 > | > |ui| = 0 (3.1)

The a; component of the momentum ! {we use Sudakov variables: { = Q' + Bip + 1) is
fixed by taking the pole of the propagator p — u — I, whereas a, and ¢ are fixed using
the mass-shell condition of the final states with the momenta p — u and & — u. The third
mass-shell condition (momentum & 4 @) serves to fix 8.

We, now, come back to the point where we need the crossing of the gluons (crossing
in the t-channel, fig. 3.2). As we already mentioned taking the sum of the crossed and
uncrossed diagram is equivalent to the sum of the s-channel and u-channel contribution.
Due to the positive signature of our diagrams (colour singlet state) we know that the real

part cancels out, at least in the leading order neglecting terms proportional to A—?—‘i The
remaining imaginary part of each diagram in fig. 3.1 is given by the imaginary part of the
propagator k — I —u and & + @ + { respectively. In order to evaluate this imaginary part we
just have to substitute a -function for each propagator. It is important to remark that each
§-function is accompanied by one 7 and not 2% as usually appears while taking the pole of
some propagator. We can say that due to the smallness of the momentum u the amplitude
is approximately equal to the half of its discontinuity.

We have already mentioned that in our approach we set ¢ equal to zero. It follows that
u; and a, are zero, too. This means that the momentum u has only one component along
p, u = fByp. B can be expressed in terms of the missing mass My and |Q?|:

Mi = (Q+wu) (3.2)
2 2
= ﬂu — MX-L:'Q'

We now give a table of all kinematical relations which we have discussed so far:

2
ap = l—t;
8
2
a, = u—t=0;
S
F (ﬁu_}@k)s,
22l k
0 g = LHRA, b 6= 0 (33
B = z;
M2
ﬂu = Tx'l":c;



w = ul = t=0.

For 4 we have two different results: eq. a) belongs to diagram 3.1.a and 3.1.c and eq. b)
to diagram 3.1.b and 3.1.d. From table (3.3) it is clear together with eq. (3.1) that all
a-variables are strongly ordered:

1> Ja| > o] > lagdl = 0 (3.4)

We would like to illustrate this in the case of |az| and |a;]. There are two reasons why these
two variables are strongly ordered. The first is that we assumed |kf| > |i7| and the second

one is the smallness of z and 3,: 8, —z = A—?ﬁ < 1. So, even if I, is not much smaller than
ky, a; is small compared to oy and we are allowed to neglect it. This neglection we have
already used while calculating 5; in table (3.3).

After having clarified the kinematical situation we proceed with the calculation of the
lower part of the diagrams in fig. 3.1. In each diagram the paur of gluons is radiated by a
very fast moving quark 3. The gluons are sufficiently soft (——1 & 1) and the emission could
be understood as virtual Bremsstrahlung In the language of Feynman rules this means that
we can use the eikonal approximation. For example:

i(p—uy (p—1—12)+" ulp) =~ 4p°p° u(p)u(p) (3.5)

All other contributions turn to be beyond the leading order that we are interested in. We see
that the gluons are polarized along p. So far we have not specified the gauge. If we assumed
the Feynman gauge, the polarization vector p° of each gluon would be directly transmitted
to the top of the diagram. With this p-vector we could go on calculating the upper fermion-
line, but instead we prefer to use a trick which will help us to reduce the number of diagrams
which actually have to be calculated. Fig. 3.3 shows that we can isolate out of the diagrams
3.1.a and 3.1.c a gauge invariant substructure. Gauge invariance is guaranteed because the
quark with the momentum k — [ — u is on mass-shell ((k—1—u)? = 0). Let us call the upper
part of fig. 3.3, where the gluon is coupled to, M?. Then

lip
{ M? =0 = MP = —— M7 . 3.6
( +U)P pP ﬁ!'{'ﬂu ( )

We neglected oq as well as u;. Eq. (3.6) is generally known as Ward identity. In appendix B.1
we show how this result is reached by summing explicitly the two diagrams in fig. 3.3. Using

the polarization —ﬁ—:ﬁ— instead of p* allows to neglect the diagram in fig. 3.3.b because its
hkt

contribution is proportional to L—l

B3we work in the Breit-frame
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A further possibility usually used to calculate the Altarelli- Parisi splitting function is
the use of the light cone gauge with Q' as gauge vector (A - Q" = 0). In this gauge the
propagator looks as follows (k is any vector):

—1d*¥(k)
2

kHQ" e v
oy = - HL L

MultipBlying d*“(k) by p, directly yields —-—‘— where we neglected o, @". For the right gluon
in the diagrams 3.1 which carries the momentum [ we keep p-polarization.

(3.7)
with

(3.8)

We finally come to the conclusion that we only need to evaluate the diagrams in fig. 3.1.a
and 3.1.b, whereas those in 3.1.c and 3.1.d do not contribute provided we use as polarization

lP
vector for the left gluon — =t

We go on with the evaluation of the upper fermion line in fig. 3.1.a. and 3.1.b.

EooL .
—a(k + Q) 7, k2ﬂ+ﬁu(k l—ﬁ)ﬁv(u—k)aiw
(3.9)
. A . k+1
W+ Q) p (+Q+ D0 G Gag MM T

Since we consider only transverse polarized photons, we introduced in eq. (3.9) 7;, instead
of v, for the photon vertex. The factor = and % in eq. (3.9) is the result of 1ntegratmg
the &-functions which have to be introduced in order to calculate the i imaginary part of the

amplitude as explained above.

Both expressions in eq. (3.9) have to be expanded to the order -—& for we would like to
extract the log over I2. The details how to proceed is given in appendlx B.1. The result for
both expressions in eq. (3.9) 1s
i wif
22(1 —z)W(k 4+ Q) o, v(u— k) 7 -

Buki

The variable z is defined as z = E!L =

(3.10)

Bt
Next, we would like to evaluate the colour coefficient of the diagrams in fig. 3.1. This

is easy to do, for the pair of gluons is assumed to make up a colour singlet state. Fig. 3.4

shows how this looks graphically. We only have to deal with a gluon loop which is attached

to a fermion line as shown in fig. 3.5. The result is simply:

Cr 1

N -1~ 2N (3.11)
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We would like to conclude this subsection with the complete expression for the cross
section of photon diffractive dissociation at Born-level (see fig. 3.6):

Budo|  ~4nlaumeh (71 d|R?] o2 8 W1 2] a,\’
g, dt|,_, EF: 107 AR T A Gl Rt /|c93| 2] 4x (3:12)

1—z

We remind the reader that a factor  is due to averaging over the polarizations of the incoming
quark and transverse photon. |@Q2| is as usual the initial virtuality of the quark in the proton.
We already introduced the value |@f,| as lower cutoff for the transverse momentum squared
k? in section 2. It should be large enough first of all to justify perturbative QCD and second
to give room for some evolution from |Q3| to |Q3|. The relation between the virtuality [k?|
and the transverse momentum squared |kZ| is given by [k?| = (1 — 2)|k?|.

As was noted before, expression (3.12) could be derived from the result of Nikolaev and
Zakharov [?] by passing to the Leading Log Approximation. Nikolaev and Zakharov did not

introduce something like -Q-z but used instead of that the quark mass m; as lower cutoff.
As can be seen from eq. (3.12) for large masses Mx we have a spectrum of the type:

do Q1

o~

dtdM} " gRiMe

(3.13)

This equation shows that our leading log result is strongly suppressed at large Mx. In this
region the main contribution comes from a pointlike Pomeron, and the formular of Nikolaev
and Zakharov gives the correct answer:

do 1
Mg~ I M3 (3:14)

One would expect such a type of spectrum, for the Pomeron acts as a pointlike particle
similar to a gluon or photon and we are left with only one quark exchange in the region of
the t-channel where the two quark-jets are produced (see for example fig. 3.6). We would
like to stress that eq. (3.14) does not contradict our result, it is just outside the region where
the Leading Log Approximation is applicable.

3.2 Photon diffractive dissociation into three jets:

On the way to some complete expression for the cross section of diffractive dissociation we
have to investigate the case when besides the two quark jets one additional gluon jet is
emitted.

14We neglect all quark masses.
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Before we look at all the diagrams which may contribute we have to specify in which
gauge we would like to work. In contrast to Ryskin [?] we use the light cone gauge with ¢
as gauge vector ({4, Q') = 0). We think that in this gauge it is more convenient to calculate
the diagrams in the kinematical region where 3, could be of the same order as z. This gauge
can also be used to derive the Altarelli-Parisi splitting functions in a similar way as was done

by DDT {?].
We have already introduced the corresponding propagator (see (3.7) and (3.8)) which is

—id*¥(r
S (3.15)
withOB . ey
() = g - DL LT (3.16)

(» Q)

r can be any momentum. Apart from the propagator we need the polarization vector of a
real gluon, i.e. a gluon on mass-shell:

Hr) = efir) — (Thﬁt(r)) t
() = )~ 05 Q (3.17)

e:(r) denotes a vector in the transverse momentum plane which has the following properties:

(efr),e(r)) = —1; (3.18)
Y e(r)e(r) = —g” .

Pol

Since the transverse plane is two-dimensional we only need two basic polarization vectors.
When we sum over the polarizations as in eq. (3.18) we actually sum over these basic
polarization vectors. In practice we only need the second relation in (3.18).

The kinematical situation is similar to that in the previous subsection. We have strong
ordering in the transverse momenta and the a- components:

Q%] > lge] > |&] > ] > [vf| = 0; (3.19)
13> |ag] > |ak| > jau| > |au] = 0.

As lower cutoff for |k?| we will assume [03], whereas for |12| we have the usual |Q2|. The

mass-shell conditions (see fig. 3.7) including the poles of the propagator p—1—u, k—{—u
as well as ¢ — [ — u lead to the following table of kinematical relations:

g

Y e A —

T (ﬁk—ﬂq)S,
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o =
S RSYAR
A
a = *s";
2
@ = =t =0;
S5
By = =
220,k
(I) ﬁlﬁ —t——"—&';c{";—t); b) ,6;-_—0; (320)
M2
b = “f”
u2=uf = =0.

Here again we used the fact that the imaginary part of our diagrams dominate over the real
part. The variable 3, now, has to be integrated. It ranges from 3, down to z.

3.2.1 Higher twist %

In this part of the current subsection we restrict ourselves to the case where we have a
logarithmic integration over |¢?| instead of |£?|. The latter case which we usually call the 'next
to leading order’ will be investigated afterwards. The restriction just mentioned demands

that each amplitude has to be proportional to g;. The first order ¢ in the numerator
t

originates from the gluon-quark vertex and the denominator = . from the guark propagator.

In analogy to the subsection before we are going to extract the logarithmic contribution over
I? from all diagrams.

The variety of diagrams which may contribute is quite large, now. But the specific choice
of the gauge and the fact that we are only interested in terms proportional to {7 reduce their
number. The gauge that we chose allows to neglect diagrams with real gluon emission from
their top, i.e. emission from the upper fermion line, whereas emission from the bottom gives
some contribution. The light cone gauge with p as gauge vector ((p, A) = 0) has the opposite
effect (see ref. [?]). There, the emission from the bottom can be neglected.

We conclude that it is enough to calculate the set of diagrams given in fig. 3.7 and 3.8.
One example of diagrams which do not contribute is shown in fig. 3.9. It yields a contribution

which is proportional to -& The details of the calculation we leave for the appendix and
present here only the final answer and some general remarks.

We divided up the complete set of diagrams into two goups, fig. 3.7 and 3.8. The
difference between them is, roughly speaking, the fact that in fig. 3.7 we have an interaction
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in the final state between the gluon and the bottom quark whereas in fig. 3.8 the commeon
property is the interaction between the quark pair at the top and the bottom quark. One
could object that the diagram in fig. 3.7.b does not perfectly fit into this group but the final
answer suggests to put it there because, then, the result of all diagrams in fig. 3.7 is the
same as in fig. 3.8.

The polarization vector of all the gluons which are emitted from the bottom line are
aligned along the momentum p. If we multiply now the vector p* by d**(I + u) we get
"EE—LE?:' For the second lower t-channel gluon with momentum [ it turns out to be more
convenient to keep the p-polarization. This is possible, since the lines on the right and on
the left to the point where this gluon is attached are on mass-shell except in diagram 3.7.b.
The 'local’ gauge invariance allows us to change the gauge. In diagram 3.7.b we have this
possibility, too, but now, at the top where the right t-channel gluon couples to the quark
line. The quarks on both sides of the vertex are on mass-shell again. The numerator of the
propagator !+ u — & can be changed from

Q" (k; — 1)

Bt B B2 0 (3:21)
to Q"’
pﬂ-‘
(P, Q’) R (3.22)

The t-channel gluons on which we focus at the moment (so called Coulomb gluons) have a
specific property: due to the fact that they couple to two particles on mass-shell their 3-
components turn out to be small, i.e. they are very soft. The smallness of the 3-component
allows us to use the approximate form (3.21) instead of d**({ + u — k).

Another important property of these soft gluons is the fact that they feel the total charge
of the quark anti-quark pair and not its substructure. This may be illustrated with the help
of the following example (see diagram 3.8.a):

(§—1—E)pv(k—q)

QgS

~ vik—q) . (3.23)

The a,s in the denominator is the residue of the propagator ¢ —{ — & in connection with
the integration over §;. The eq. (3.23) only holds if we demand to have a logarithmic
integration over ¢? 1°. Taking into account the second quark with a similar approximation
as in eq. (3.23) the colour of both quarks add up to the colour of the left gluon. The

approximation which was used in eq. (3.23) we already know from the gluon-emission at the

15For the sake of completeness we should add a minus to eq. (3.23) due to the direction of the fermion
line (incoming).
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hottom, it is the eikonal approximation. This type of approximation is intimately related to
the classical current emission (see [?, 7]).

The previous discussion and its application gives a great simplification in the calculation
of all diagrams in fig. 3.7 and 3.8. The total colour structure becomes easy to handle and
can be reduced to the structure in fig. 3.10. Due to the colour singlet state of the lower
gluon pair the colour coefficient in fig. 3.7.b is the negative of the colour coefficient in fig.
3.7.a. The colour coefficient of diagram 3.7.c and 3.7.d add up to give again the same as in
diagram 3.7.a and in a similar way all diagrams of fig. 3.8 can be normalized to diagram
3.7.a.

The amplitude which finally represents the sum of all diagrams in fig 3.7 and 3.8 is
proportional to

Y3 N . q .
_eg.:: ﬂuk2 N2 - T (q+Q) Tiu _2 (u’_k) V(k'—Q) '
1 K A2 a,
. - — _ 24
21~ 2)(2 +2) 4Cr fea B i (3.24)

z is defined as Qf The indices a, i and j are the colour indices of the gluon, quark and
anti-quark. Over the colours of the incoming quark we averaged.

To complete the discussion we give the cross section of the three jet event (see fig. 3.11)

B, do

|yt [z (AR 0] A o
dB, dt|_,

7 QY =z f, JE kT 16 Jpy | ir

. {@g (;‘%) % (2) + oF ( 5 )@F( )} (4CF / i ‘Tf" Z‘r) (3.25)

and define two Pomeron splitting functions, the first one describes the Pomeron splitting
into two gluons and the second one the splitting into two quarks:

®6(z) = ;21\121 4z(1 - z)*(2 + %)2
3h(z) = 511?\? 162%(1 — z) (3.26)

E and ®f are the usual Aliarelli-Parisi splitting functions. The first one stands for the
production of two quarks by a gluon and the second one stands for the emission of a real
gluon by a quark. [t is easy to see that the square of expression (3.24) leads to the first
term in the square brackets of expression (3.25). It corresponds to diagram 3.11.a. The
integral over z was originally the integral over F. The evaluation of the second term in the
square brackets of (3.25) follows the same strategy as was used before. l.e. extracting terms
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proportional to -5- leads to the usual Altarelli-Parisi splitting function convoluted with the
Pomeron sphttmg function derived in the previous section.

We have to give a warning at this place. It is not possible to use expression (3.25) to
make realistic computation on three jet events. This can only be done with the help of
Monte Carlo simulations. We emphasize that expression (3.25) is only one step on the way
to a complete expression of diffractive dissociation cross section.

3.3 Higher twist :

When we speak of *higher twist 75" or ’;—4

Having in mind that |£*] and |q | are strongly ordered it is obvious that the higher twist
contribution % is much larger than 1. We will see that, indeed, in the case of three jet
emission we can neglect this contribution, but we have to be careful in the case of the total
cross section of diffractive dissociation. The total cross section is evaluated with the help of
the evolution equation as explained in section 2, and we cannot exclude this contribution,
since it has the same number of leading logs as the higher twist 5 contribution. Nevertheless,

we hope that numerical studies will reveal the smallness of this contribution.

* we refer to diagram 3.11 for notation and definition.

Unfortunately we cannot calculate the higher twist % L contribution with the same accu-

racy with respect to the ratio £t as we did deriving the Pomeron splitting functions. We are
only able to do this in the Trlple Regge Region where 3, is much larger than G and z. This
corresponds to the Double Leading log Approximation (DLA).

First of all we reduce expression (3.25) to the DLA region by taking the leading singularity
of the Pomeron splitting function:

B3, do _ Z4w2aeme% jIQ2| dik* a? /IQ2| d|¢?| o
df, di| =0 7@ g & 16 i el ax
Buspz
8N2 1 121 d|i?] a,
dz @f(x) (acp [ THT) . @
NZ_l % z G'(Z) ( F Q2| |It21 . ( )
In the next step we add the higher twist % contribution which is proportional to :—:— (for

details see appendix):

B, do _ 4l er (17 dik? a Q%1 d|q?| a,
dj, dt| t=0 % Q2 /|;}| k4 ./x ./ 2| 4x (3.28)

Budpr

8N [, k? 1 42| o)’
- 1 —z)? 1~ —1)=| (4 LA
AT [z +(1—2)* + 32(1 — 2)(22 )qz] ( Cr fl o 0 4
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The first term in square brackets is the explicit representation of the Altarelli-Parisi splitting
function ®f. The second term is the modified splitting function which we introduced in
section 2 as ®F.

If we look at the splitting function 3z(1 — z)(2z — 1) we see that its integral taken over
the interval from 0 to 1 is zero. This indicates that the coefficient in front of the higher twist
.%4 contribution is small. Although this estimation cannot give the final answer we have good

hope that the higher twist contribution q% turns out to be numerical negligible.

4 Generalizbtion to multi jet production and the pro-
ton structure function:

Since we are interested in the total cross section of diffractive dissociation, we have to go
beyond the three jet production and take into account the emission of an arbitrary number of
jets. Moreover, we have to improve our simple model of the Pomeron just being made up of
a pair of gluons in the colour singlet state. The second point just mentioned is quickly done,
for we only need to introduce the gluon structure function DY by making the substitution:

¥l || o
4 —t—-_a " G 5 k2 4 . -1
cr le?,I |iZ| 4= — B0, (B, [k, 1Q0]) (4.1)

As far as the production of jets is concerned the answer is quite simple if only the higher
twist r contribution dominates. Then we can proceed as in subsection 3.2 and each extra
emitted gluon or quark results in a logarithmic integration over its transverse momentum
or virtuality together with the corresponding Altarelli-Parisi splitting function. Taking eq.
(3.25) we just have to substitute the Altarelli-Parisi splitting function by the parton density
function, for example ®% by DE. This procedure yields

B, do _ Ztlarzaeme% /‘1 dz z Q%1 d|k?| o_f_g
g, dt|_, % 1Q £z B Bl gt 16

- [es0g (e 1) + a50f
- [8.DS (B, 1#%1,1Q3D)] -

@kl - @

The generalization of the next to leading order is much more complicated and to solve
this problem it needs more effort in future time. What we can say is that we can substitute
the contribution due to a simple quark loop at the top of the diagram 3.11.a, which is
equivalent to a &-function in the variable z, by the parton density function D%. Emission
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below the quark loop is of that type which was investigated in ref. [?, ?]. It turns out
to be a small contribution (see also subsection 2.4.). All that we know about the next to
leading contribution was derived in the Triple Regge Region. Nevertheless, we included this
contribution in eq. (3.32) (see eq. (2.24) at the beginning of subsection 2.4.). Anyway, we
believe that the influence of the next to leading term is small. If not, this term gives, at
least, a rough impression how the correction looks like.

5 Conclusions:

We have discussed the results of the paper in section 2.4, so we do not need to do this again.
However we would like to repeat once more the main physical outcome from our calculations.

1. We claim that AGK cutting rules are violated in deep inelastic scattering as soon as
quarks are involved. This fact we conclude from comparison with the paper of Mueller and
Qui [?]. In our calculations we see that contributions which are necessary to restore the AGK
cutting rules are suppressed by a factor of the type zg In(1/zg). We have not understood the
physical meaning and the general origin of this important result and consider this problem
as one of high priority for the future. We propose to calculate all cuts in deep inelastic
scattering in order to clear up what the real source of the AGK cutting rule violation is, and
what replaces the AGK cutting rule in deep inelastic processes.

2. We started to study theoretically the hypothesis of the Pomeron structure function and
found that we could discuss the process of diffractive dissociation introducing such a function
only in a limited kinematical region and as a very rough estimation. We cannot support the
idea that the Pomeron could be viewed as a real particle.

3. We got a formula for the diffractive dissociation that could be used for a Monte Carlo
simulation. There we introduced two new functions (Pomeron splitting functions)

25(x) = w(1-2)
8S(z) = ;f_’_ 21— 2)° (2+§) (5.1)

which allow to use our formula in the region
M'Z
0 < —SX < s . (5.2)

We hope that this will help to study diffractive dissociation at HERA.
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Appendix:

A

In this appendix we would like to come back to the discussion of the AGK-cutting rules and
calculate the integral (2.31) in order to establish the correspondance between our calculation
and the calculation of Mueller and Qui [?] for the shadowing correction to the usual evolution
equation. To reconstruct all normalization factors we prefer to use the analysis which was
developed in [?]. There was discussed what we actually need here, the interaction of two
Pomerons with a nucleus, since it is the same model on which the calculations in [?] are

hased.

The function M(&,r) can be regarded as the cross section of a process where some probe
is scattered off the nucleus with the momentum transfer #. The energy transfer uo = v is
small compared to the target mass. If U(&) is the effective ’potential’ of the probe-nucleus
interaction the cross section is given by the familiar formula

M(i,v) = zfj |< 7l [ & z20(@) 59 1|

§(E; +v - E) (A.1)

where E; ; are the energies of the initial and final state. In our model U(Z) is the sum of
terms describing the interaction with the individual constituents of the nucleus which are
located at Z;:

A
U(r) = z V(Z - &) (A.2)
i
Using the closure property of the final state

Zf) IFYfl =1 (A.3)
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we find
j dv M(i@,v) = v¥(@) |A+ T (ifei@En=n));) (A4)

where v(#%) is the Fourier transform of V(&). We repeat these arguments for the sake of
completeness. The only important remark that we would like to make is the fact that v
is proportional to % which follows from the definition of a,. It should be stressed that
we used the nonrelativistic normalization of the wave function of the nucleon inside the
nucleus which gave us the eqs. (A.3) and (A.5) together with the é- function in eq. (A.1).
Such a normalization allows to simplify the calculation by utilizing one of the widely spread

approximations for the nucleus wave function, i.e. the gas approximation (see below).

We are able to rewrite expression (A.4) through the nuclear ground state function
(@, E4), namely

(i]eBEm=2n) |5y = ] [ (..., 2 @m0 (A.5)
J

In the nuclear-gas approximation

fo(Zn,. ., @a)" = []n(F)) (A.6)
one gets _
g(ile'(ﬁ‘ﬁ"'"f")lﬂ = A(A-1) |F(@)P (A.T)
where o
F(&) = f P p(7) ST (A.8)

So we rewrite the integral in eq. (2.31) (section 2) in the following way
fdﬂ‘fM(ﬁ‘f) — 24(A-1) fd |F(@)|
d*q
— 2A(A-1) f el

— BrA(A-1) /dzldzgcl 7 p(21,7) pl22, )

|F (i) (A.9)

From (A.9) we get in the case of a black nucleus

= Al12r Rap (A.10)



where p is the nucleon density in a nucleus.

We discuss this normalization in details only to compare with the calculation of Mueller
and Qui {?] and to drive to a definite conclusion on the AGK-cutting rules. Using eq. (A.10)
we get that result which has been discussed under point 3 of subsection 2.4.

B.1

In this part of the appendix we present some more details about the calculation in subsection
3.1 starting with fig. 3.3. By summing the two diagrams in fig. 3 1 we will show in an explicit

way that the polarization vector p® can be substituted by — m

A

) E _ L k+Q-1-a

a(k + Q) 'yfﬁpv(k-—l—u) + u(k+Q)p(k+Q—l—u)2 wvlk—1-w) . (B.1.1)
The denominator (k+@Q —I~u)? is equal to —(5;+ 8,)s. Each s in the denominator has to be
compensated by some s in the numerator. This can be achieved only by taking the leading

contribution of the expression a(k + Q) p (k+ Q — [ — &) which is s @(k + Q). Furthermore,

we can change pv{k — [ — u) into FkT;iL v(k — I — u) after the multiplication and the devision

by 8 + B.. We then see the cancellation of the leading terms in (B.1.1) which results in:

k I
i(k+ Q) e (—/Bliﬂu) vik 1 —u) . (B.1.2)

This is exactly what we wanted to proof.

We proceed with equation (3.9) of subsection 3.1 and recall the first expression:

P
— a(k+ Q) 7 o

. s T
k—1[-14)p —u) — . 1.
e (b= 1= ) vl — ) (B.13)
In the first step we extract all terms of the order I7 which are the leading terms. The terms
of the order ! cancel out. It is enough to expand each of the factors k—1—4 and ﬁ_+73’— to

the first order in {,. We should remind here that 5, depends on ;:

=20 k)

QLS

B = (B.1.4)

In the expression (fc —i- @)p (3 does not contribute, since 3;pp is equal to zero. The factor
1 2.k
16+’18u leads to o Ti(% S0 we have:

~ . I R ™
ﬁu ﬁuaks (k —_ U) - If P V(k - T.L) a_ks . (815)

EoD[200,k
ik + Q) ot 1w | Ak
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Integration over the azimuth angle of I, yields:

_ k B . . P xl?
— a(k+ Q) ﬂ2(:ks(k—u)p—g v(k — u) Exk_ts (B.1.6)

Now and for further transformations we frequently use the following identity:
ik+ Q7 Q ~ 0. (B.1.7)
This is easily proved by taking the square of the expression (B.1.7):
Sl (k+ @)1, Q ...} = 0. (B.1.8)

Since B; is equal to x we find that 4/ (fc + Q)j«, , approximately coincides with Q' where we

neglect terms proportional to E:L Remembering the fact that u = 8,p we can write (B.1.6)

as:
ih

R

The next simplification comes from the identity kpv(k —u) = axsv(k — u) where, again, we

Bupkkp + kZkp  kp
Buais? a8

ik+Q) v [ ] vik —u) . (B.1.9)

make use of the relation u = A,p and p° = 0. From table 3.3 we get B,axs = l—k_‘; with

z= gf, and eq. (B.1.9) can be transformed into:

2
7l

- N

ik + Q) v {zﬁkt - z] vik —u). (B.1.10)

[ 4]

For further reduction we use the following chain of relations: phov(k—u) = plk— ap@Qv(k—
u) = —papQ'v(k —u) = (—ags + 0 @Q'P)v(k — u), and with the help of eq. (B.1.7) we finally
find:

wl?

Buk?

Next, we evaluate the second expression of eq. (3.9):

2z 4(k+ Q)4 vk —u) . (B.1.11)

];,'-l-f It ™
FT 0 Bt A v(u — k) S (B.1.12)

i(k+Q)p(k+Q+1) 7, (

The s in the denominator can only be compensated by the leading term of ﬁ(k+Q)ﬁ(fc+Q+f)
which is su(k + Q). fi is zero in this case. The expansion of the propagator gives

]. ~ 1. _ Z(It,kt)

(E+1,)2 k2 B

(B.1.13)
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Extracting the terms of second order in /; from the total expression (B.1.12) leads to:

ki, 201,k
ﬂ—“kg— a(k + Q) 1, (-—‘-—i(c-;—‘) + If) w(u — k) . (B.1.14)
Integration over the azimuth angle of [, yields:
ml? ik
ﬁ ]::2 fl(k + Q) Vi (“?ZE + 1) v(u — k) . (B.115)

Using the eq. (B.1.7) and the relation k* = Tlf_?; finally results in the same expression as in
eq. (B.1.10). This means that the sum of all diagrams in fig. 3.1, i.e. the final answer of
this subsection, is equal to expression (B.1.11) multiplied by two:

2
wl;

Buk?

4z a(k+ Q) vk —u) . (B.1.16)

B.2

In this subsection of the appendix we come back to the calculation of the diagrams in fig.
3.7 and 3.8. These diagrams describe the process of diffractive dissociation including the
emission of one gluon.

We start with diagram 3.7.a and take out the right gluon vertex:

Tl +u—k =Lk~ u)
= g (=2—u+k), + gk —u+D, + g,u(l +2u—2k), . (B.2.1)
The gluons to the left with the momentum! + u — & and to the right with the momentum

u—k are on mass-shell, so that we can use the polarization vector e*(I+u—k) and €’ (u—k)
for real gluons. From below we have p¥ as polarization vector.

“(l+u—k)eflu—k)T,, p"
= (pe(l+u—k) (=2 c(u—k)) + QL e(l+u—k))(p e(u—F))
— aps(e(l+u—k),e(u—k)). (B.2.2)

This expression yields:

(b — kel +u —k)) oy ik (u — k)
R (I, e{lu — k) + 2L, e{l +u — k) 5

— aps(e(l+u—k),e(u—k)). (B.2.3)

2
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Next, we take the left gluon vertex:
Cpp(—l —u+k,—k 1+ u)
= gu(=2k+1+u), + g, ({+u+k), + gu(-20 - 2u+k), . (B.2.4)

We will use the polarization vector €“(k) even for an off mass-shell gluon. This is possible,
since " applied to the upper quark loop does not contribute, at least not at the desired
P

order. From below we now have -—m‘ﬁ—.

6V(k) e”’([ +u— k) F#yp (—m)

=(dM¢U+u~kng%£%i£-—2%5%%U+uﬁﬁ+umk» (B.2.5)
b ool u=kD) k)

,Bl+ﬁu

This expression is evaluated to be:
2(!{,]91) - l? ([t — kt, Et(l 4w — k))
ﬂl+ﬂu ﬂl‘l'ﬁu“'ﬁk

(e, €(B)) - (B.2.6)

(er(k), el +u—k))

(L, (1 + 1 — k))
Br

Next, we have to multiply (B.2.6) and (B.2.3) and sum over the polarization of the gluon
with momentum [/ +u — k:

(L — ki, eel(K)) e —
! B+ By — B (s elu = £))

— 2(k, &(k))

- 2

(lta kt) - _;_I?
161 + ﬂu

(l: - kt)z(lta €(u —k))

+ 4 (I, &(k)) (B + Bu — Br)?

(Ui b — k) (ksye(k)) (kiye{u — k) (L, ki) — ll?
~ A hog B (walum R+ dleal) et g
(e, le — k) (kyya(u—k)) o (ke &a(h)) (Ri, eu — k)
T s T on Y A f (B2T)
(It, kt) - '1‘1? (lt — kt,q(u - ’C))
— 2045 (efk), ex(u — k) Y ﬁ: — 2045 (1, 64 (k)) s
+ 2048 w}- (ke (k) .

B

From this expression we would like to extract the second order in {;. While we do this we
have to take into account that 5; depends on I;:

1 L2l k)

Bi+B B Plas
1 o 21, k)

/BI + ﬂu - }Bk - 6u - ﬂk (ﬂu - ﬂk)zaks .
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So we get:

(khet(k)) e(u —
B, (oalumR)Tam

(b, k) (Ke, e(K))

Ut, k:) k7
ﬂu (Ih Et(k)) ( g )2 (lfv tf’-‘-( k))

(keye(u—k)) (I, k)

- 4

R T A A Wy )
(lt! kf) (kl"et(u B k) 2 (ktaet(k)) (khef(u - k))
- el g g T Y T A A—B (B29)
12 (I, ke)?
+ ogs (ek), e{u— k) = 5 4 (e(k), e,(u — k)) g
. (Ih 6( k)) € (kt: Et(u — k)) (lt: kf)
208 (1, €(k)) —‘“‘“"ﬁu — B + 4 (I, e(k)) Be — Br B. — Br
Integration over the azimuth angle of [, yields:
(kv eek) oreu=R) o | o 0 oo K
2 ﬁk ,Bu ﬂk lt + 2( t(k), t( k)) (JBu - Bk)z lt
? ki
+ ogs(e(k), e(u — k) -+ — 2(e(k), e — k)) 21 (B.2.10)
B Bu
i

— ags(efk), e{u ~ k))

ﬂu—ﬂk -

In the following equations we would like to include the residue of the Fi-integration together
with the corresponding = and the factor 7 originating from the propagator. All this leads
to an extra factor

T 1
‘(;;;':;'-];'2‘ . (B-?-ll)
With z = £& B and B,aps = k*. we reduce the eq. (B.2.10):
TI'I? 2 (kt, Et(k))(kt, et(u - k)) 3 -2z
— -k . B.2.12
T h s 22 e b)) (B212

The next diagrams which we will calculate are those in fig. 3.7.c and 3.7.d. The right
gluon vertex is the same as in fig. 3.7.a. Instead of the left gluon vertex we now have:

(kuelk) @reltu—B) (= kol u—8) , (Bua(k)
ﬁk a8 t (lt - kt)2 ¢ ﬁk i
The as comes from the propagator at the bottom line. In order to make expression (B.2.13)

comparable with the diagram 3.7.a we multiplied by {2. Later on we will devide all contri-
butions by I} which corresponds to the the two propagators with momentum ! 4+ u and [ in

(B.2.13)
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diagram 3.7.a. In the further procedure we multiply expression (B.2.13) by (B.2.3) and sum
over the polarization as before. Since expression (B.2.13) is already of second order in /; we
only need to take the third term in eq. (B.2.3). The result is:

kee(K)) (ke €(u — k)
B ki '
After multiplication by the factor (B.2.11) we see that this result cancels the first term in

expression (B.2.12). Indeed, taking into account diagram 3.7.d the colour coefficient adds
up to give the same as in diagram 3.7.a. So we are left with

2 ( ags 7

(B.2.14)

2 —_
T B et - ) (B.2.15)

The last diagram in the first group is the one in fig. 3.7.b. We have already discussed in
subsection 3.2 that the quark pair at the top of the diagram acts as a classical current with
regard to the soft gluon with momentum {+u—% . One conclusion was that the 3-component
equals zero. So we have:

BitBu = B (B.2.16)

The gluon vertex is the same as in expression (B.2.1), but from the top we now have (f%

and from the bottom —%:

..__Qf_ _ILU bk =l E—w)e{u— - _ - (Ihet(u_k))
(P,Q’)( ﬁl) F#Vﬂ(“"“ k, -1, k—u) e’ (u—k) (Br— Bu+51) 3, . (B.2.17)

Taking into account (B.2.16) we find the simple result:

— 2(l,e(u—k)) . (B.2.18)
The left lower t-channel gluon which carries the momentum I + u gives a contribution of
the type:
k
_ hak) _  (halk) (B.2.19)
ﬁf + ﬂu Bk

The denominator ({+u—k)? corresponding to the right upper t-channel gluon simply yields
(ki — 1;)? . Together with (B.2.18) and (B.2.19) the final integration over the azimuth angle

of 1, leads to ,
l 1

The residue of the §;-integration was canceled out by the emission vertex of the soft gluon
with momentum {4+ u — k . We only keep the = which has not been taken into account

18¢ypical for classical current emission
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yet. Finally we have to be aware of the opposite sign with respect to diagram 3.7.a. which
is due to colour.

We can now write down the final expression for the total sum of all diagrams in fig. 3.7

i} 3 -2z 1
B k2 (z 11—z =0 _Z)) (ee(k), ex(u — k)
=l

Buk?

(1-2) (2+ %) (ex(k), ex(u — &) . (B.2.21)

Our next task is the calculation of the diagrams in fig. 3.8. The gluon vertex in diagram
3.8.a is:

Chvp(=l— k14 uk —u)
= gu(~2l—u+k), + gpbk—uv+Du + goull+2u—2k), . (B.2.22)

The procedure is similar to that before in the case of diagram 3.7.a. For the gluon with
momentum [ 4 k& we use the polarization vector ¢*(I 4 k) . From below we have as usual
_ﬁ_,if%’ and we apply the polarization vector €’(u — k) which corresponds to the emitted
real gluon.

IU
6-”'(1 + k) (—ﬁ—liﬂa-") I‘pr 5p(u - k)

(el + )
/Bl + 61&

(b, e(u ~ k)

20+ u,e{u — k)) + 2(I+u,e(l + k)) 513

2+ 2, ky)

+ (el + k), e(u ~ k) Bt B (B.2.23)
Further evaluation gives
_ kt; q(u — k)) _ (Zt + kg, Et(l + k))
2(l, e(1 + k)) 5 A 2(L, k) Bt b
2
b (el + B, eu — )y 2 k) (B.2.24)

Bl"i'ﬁu

In all diagrams of fig. 3.8 we can set 5 equal to zero. Instead of
expand the propagator I+ k:

1

FE. We now have to

! - 1 1 2(137 kt)
(+82 ol k)+k kK kO (B.2.25)
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After combinig this equation with expression (B.2.24) and extracting all terms of second
order in [; we get:

(L, eI+ k) 2(1, ) (Ko, ex(u — K)) (L et — B)) (I, (1 + K))

2 -~ 2
ke Bu — B k? B
(If'r Et(u — k)) Q(It'.' kf-) (khet(l + k)) (Et(l + k)7 Et(u - k)) 2
+ 2 i A + N {; (B.2.26)
_ 9 (ft(l + k), Et(u - k)) Z(It, kt)z
k B
We still have to integrate over the azimuth angle of I, which results in:
=l? 2 (k&L +E) (ki e(u— k) ( 1)
W {2(1_2) i - (1—2) 2+; (ee{l+ k), ec(u—Kk))p .
(B.2.27)

where we included a x coming along with the B;-integration.

We now can already suspect what happens with the first term in eq. (B.2.27), if we add
the diagrams 3.8.b and 3.8.c. It is canceled. The proof is quite easy to do. From diagram

3.8.b we have U+ kel + 1) P
¢+ Ky, et + ; vis
- 2(p, - k) — B.2.28
el 2 ) oty = k) 55 T (B228)

which gives:
ml} 2 (kiy el + &) ke, ee(u — k)
 Buk? 2(1—2) k? )
Diagram 3.8.c yields the same result, but the colour coeflicient is different. However, diagram
3.8.b and 3.8.c sum up to give the same coeflicient as in diagram 3.8.a. The complete answer
for all diagrams in fig. 3.8 is:

(B.2.29)

2
wl;

Bk

Expression (B.2.30) and (B.2.21) can be viewed as identical, although they contain two
different vectors (I + k) and /(%) . We introduced these vectors for technical reasons.
To get rid of them we have to be aware that in the total amplitude there is a second pair
of adjoint vectors /(I + k) and ¢/(k) which transforms both of them into the projector
on the vector component p after summation over the polarization. So we can add up both
expressions originating from fig. 3.7 and 3.8 into one:

(1-2)(2+ %) (el + &), e(u ~ &) . (B.2.30)

2
i

 B.k?

2 (1 = 2) (2 + 2) (el + k), ex(u — k) - (B.2.31)
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We should mention that a more careful anlysis shows that the sign due to the soft emitted
gluon is compensated by the total colour coefficient in fig. 3.8, so that the sum of diagrams
in fig. 3.7 and 3.8 have the same sign and do not cancel out.

We conclude this subsection with one example of diagrams (see fig. 3.9) which do not
contribute. It is easy to check that this diagram is of third order in {;, so beyond the Leading
Log Approximation.

B.3

This subsection deals with the calculation of the higher twist '’ contribution. In order to
manage the calculation in this case we have to restrict ourselves to the Double leading Log
Approximation. This restriction goes along with the strong ordering of &, and 8 (Triple
Regge Region).

B> B> B =1. (B3.1)
The strategy now is to keep all terms proportional to {7 as usual and in addition to keep
only those terms with the leading singularity in f.

The diagrams which we need to consider are presented in fig. 3.12. Strictly speaking we
already considered these diagrams in fig. 3.7 and 3.8, but we would like to start from the
begining, now, using a slightly different technique.

The main point is to handle the transverse momenta k; and ¢, on the same level, although
we still assume strong ordering:

|ge| > |ke| . (B.3.2)

First of all we concentrate on the gluon vertex of diagram 3.12.a and 3.12.b (see diagram
3.13). What we have to do is to extract from expression (B.2.24) and (B.2.28) the leading
singularity in & + 3 :

-2

5 (U, ei(u ~ k) n (b, e(u — k)| (I + ki)
(e + ke )? h k? B+ B

The above expression already contains the propagator m As we will show below it is
enough to use the following much simpler expression for further calculation:

(fey e(u — k) (le + ko)
k? B+ B

In order to proof this we expand the first part of expression (B.3.3) (without Ustk)”y,

Bi+8%
(ltvet(u — k)) _ 9 (lta kt)(lhet(u - k)) + l;z(kta Et(u — k))
k? ki ki

(B.3.3)

— 2 (B.3.4)

-9 (B.3.5)
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It is easy to see that the second and third term cancel out after integration over the azimuth
angle of I;.

B, is fixed in the usual way by taking the imaginary part of the amplitude, i.e. in the
case of diagram 3.12.a (g — k — [)? is set to zero. It follows that 3 has the value:

(zlt"It - kt)

B = — s (B.3.6)
The factor ﬁl'}'ﬁk has the expansion:
1 1 (2“,(]; ""kg))

= —|{1+—F—=] . B.3.7
B + B B ( Brcrys ( )

We can now go on with the evaluation of the fermionic part of the diagram:

(Ih Et(u — k)) _ é kt "I"' it . = AL ks
— 2 = —k-1 k—gq)—. 3.

20 g+ Q) 1 5555 VB vk —q) (B.3.8)

An important consequence due to DLApproximation is the possibility to neglect axs. Using
the by now familiar tricks we come to

(I, ex(u — k)

_ g b+l ( 2y eu—k) 1§ - fct))
— 2 —————""1(g+ — 1+ — vk — :
ki (7+Q) 7, q? B Brogs Broags (k—q)n
(B.3.9)
Further manipulation and the final integration over the azimuth angle of {, gives:

Tl g— ke,

— g+ &(u—k)vik—gq). B.3.10

,Bkk? (q Q) ﬁkaks t( ) ( q) ( )

We have to be very careful with a,s, since it depends on k; as well as on ¢. From (k—¢)? =0
we conclude that
Brags = (q—k)* . (B.3.11)

Next, we consider the diagram in fig. 3.12.b. The value of 3, is now given by the condition
(g—k+i+u+@)?=0.
Bt Bu = Bi. (B.3.12)

For the gluon vertex we have:

— 2(l,e(u—~k)). (B.3.13)

This was already calculated in (B.2.18). We only need the leading order in /;, since the
second /; comes along with the polarization vector of the left t-channel gluon. The propagator
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m just reduces to FI{ So we start our calculation with

+a+0Q  g—k+i+a

(2, e — k) _ G-kt
_ g+ Q) p %#(q_k+1—|—u)2ﬁa+ﬁu

k?

vik—gqg)m.

(B.3.14)
For (¢ —k+ {4+ u)?* weget [Bra,s . Further steps lead exactly to the same result as in
(B.3.10).

We continue with diagram 3.12.c. The condition that (g + !+ @)? equals zero fixes the
value of 5;:

tn | =

B = 0. (B.3.15)

The gluon vertex is the same as in diagram 3.12.a. Instead of expanding the factor ETT{?I we
now have to expand the propagator -(-a-_l-f-t-)g :

1 -~ 2(l, k)
TENE = (1 — -—q2—) . (B.3.16)

Considering the fermion contribution

200, e(u — k) G+ Qg+l Ltk
% ilg+Q)p s T I AT A vik—q) 7 (B.3.17)
we find: ‘
2(l, ex(u — k) _ G+ b+k
2 (g + Q) n, PRSI vik—q) 7. (B.3.18)

Expansion and integration over the azimuth angle of {, leads to

(g, Ez(fj =M at| vik—q). (B319)

7l? . . .
EyeR (g + Q) e, |Gé(u — k) + é(u — k)k; — .

Finally, we have to investigate the diagram in fig. 3.12.d. Due to therelation (¢—I—u)? =

0 we get for Gy
2

B= B+ (B.3.20)
0,
We do not need to expand in this case, since the numerator is already proportional to 7.
The gluon vertex coincides with that in diagram 3.12.b.

2(“, et(u —

£)) (g + Q) % ll* (j_l_ﬁv(k——q)fr. (B.3.21)



This is simply evaluated to be

2l ei(u = F) i
kEBrq? (g + Q) P2 G(§—k)v(ik—g)m. (B.3.22)

which results in the same expression as in eq. (B.3.19).

We now sum up all contributions discussed so far:

2

_;_k E’:?% (g + Q) 7, l(fj — ky)Ey(u — k)—(q—q—kt)? + Gé(u—k) + &{u— k),
 2gs fté;‘ — k) é,;t] v(k—q) . (B.3.23)

We have to remind that with respect to the colour diagram 3.12.a and 3.12.c have opposite
sign. The expression above could be brought into the following form:

(g—k)* & )

2

A @ [2mat—0)(

k q2 (q _ kt)2
2
9 2(qe, ec(u — k) 5 o .
— 2k, efu — & + i
( t t( ))(q _ kt)z q2 tﬁkp
2
q . R
— 1+ s alu -k v(k~q). B.3.24
( (q— kf)z) ( )51;?] (k- q) ( )
From now on we have to look at the above expression squared. We leave the factor -%—Q—t—kﬂ:?
aside.
_2 50 o [la= k) ¢\ ¢
o (@ et (U7 4+ ) - ket 0t
2
— _q ; ~ 2(%? ft(u - k)) H A
(1 t (q— kt)z) &(u — k)Bep + 7 keBep| (B.3.25)

2

Ak — 6 elu — (q_kt)z q2
(k Q) P(Qz, t( k)) ( 7 + (q— kt)z

— (1 + TR f kt)z) Brpés(u — k) + 2(g:, e‘g — k))ﬂkﬁi%tl } )

The trace is easily evaluated, but the reduction afterwards is quite lengthy. We frequently
make use of the following equations:

(¢ —ke)* = (1=2)(g—k)*;
¢ —q = z(9—k)*. (B.3.26)

) — 2k, e (u ~ k))ﬁﬁ
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where we define z as %: Expression (B.3.25) then transforms into

2 kz 2_(k q)z
__ B88gs 1_2 +2z2 q _ 4 tQt ty Yt
* {( ¢ 2 (g — k¢)? 7*(q — k)?
_ 2
4+2(1—2) + (1 =2z+42? (g k) B.3.27
q2
_Ly4 — L%
R 1}

Since we are interested in the higher twist contribution bl‘“’ we will expand the above ex-
pression with respect to the smallness -{—1-:’%1-5 . In order to do this we first have to express

iﬂ:&f;ﬁli in terms of |k|, |q| and the azimuth angle ¢ :

|:[*
/2

This expression introduced in {B.3.27) leads to the final answer

- k)2 k
(qut) ~ 1 —2\/1—zuoosnp+

il (1 -2z cos® ) . (B.3.28)

3285 2 i
- {1 — 22422 + 3z(1 —2)(22-1) il (B.3.29)
The first term in curly brackets is the standard Altarelli-Parisi splitting function. The result

that we were looking for is the next to leading contribution, i.e. the second term in curly
brackets.

In fig. 3.14 we present one example of a set of diagrams which do not contribute. The
reason is simple. The diagram 3.14 gives instead of one factor i the less singular ﬁ%‘ After

squaring, the result will be proportional to B‘-"-ln (F”;—) whereas the leading contributions

corresponding to diagram 3.12 are of the order of 1.
To conclude this subsection we have to add the colour coefficient which corresponds to
expression (B.3.29). All our calculations were normalized to diagram 3.12. Looking at this
diagram squared (fig.3.15) we get
1 N?
8§ N?2—1"~

(B.3.30)
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Figure Captions:
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3.9

Relation between the diffractive dissociation and triple Pomeron diagram.
Diffractive dissociation with Pomeron exchange.

The Pomeron as QCD-ladder.

The QCD-model of the diffractive dissociation in the Triple Regge Limit.

Graphical representation of the Pomeron proton interaction described by the
amplitude M.

Screening (shadowing) correction to the proton structure function.

Additional gluon production leading to logarithmic contribution below the cell
with %i—integration.

Complete set of diagrams which contribute to the two quark production at
Born level.

u-channel contribution corresponding to the diagrams in fig. 3.1.

We use these diagrams to explain the Ward identity in the t-channel.
Graphical representation of the colour singlet projector.

The colour contents of this diagram leads to the factor Cp.

The squared amplitude of two quark production (Born level).

The first set of diagrams for the three jet preduction (two quarks and one gluon).

The second set of diagrams for the three jet production.

One example of diagrams which does not contribute in the leading log ap-
proximation. The diagram is the same as in fig 3.8.c, but the kinematic is
different.
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3.14:

3.15.

4.1

Colour coefficient of the three jet production.

The squared amplitude of the three jet production. The gluon jet in a) has a
2 2
distribution d—:} whereas in b) it has the log distribution iqqf.

Three jet production which corresponds to the higher twist contribution ‘—;9;.
The circle which is drawn for the triple gluon vertex indicates the necessity to
use the effective vertex which consists of the sum of the three diagrams in fig.
3.13.

Contributions to the effective vertex in fig. 3.12.
Noncontributing diagram.

Colour structure which corresponds to the square of the diagrams in fig. 3.7
and 3.8.

Generalization to any number of jet emission.
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