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4.3 Mueller’s dipole model 157

of Xy : the resulting cross section does not depend on the directions of Xq either, since
there is no preferred direction left in the transverse space. Defining
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Aol e, T / % / ;’”’n(m.xm.m. ), (4.89)
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we see that this new quantity satisfies
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X [n (x12, Xy, ¥) + 1 (x20, X0y ¥) — n(x10, X1, ¥)1 - (4.90)
with initial condition (cf, Eq. (3.25))

dralC >
n(xyo, X1, ¥ =0) = GO, in (ln = + l) 4 (4.91)
N <
where x. (<) = max (min){|%o|, |¥}.
The solution of Eq. (4.90) can be found by noticing that in the angular-averaged case
the eigenfunctions of the integral kernel are simple powers of the dipole size,

A S 4.92)
with eigenvalues
N,
2 X0, v), (4.93)
b4
where (cf. Egs. (3.81), (3.74))
1 1
x(0, v)=2¢(1)~1//(§ +iv> —x//<5—iv>. (4.94)
To prove this we need to evaluate the following integral:
2 g $ :
/dzxz ;102 [(xlzz)x/uw 3 (xgo)l/z-wv i (X120)1/2+’v]' 4.95)
X*20%21

This can be done by noticing that the integral (4.95) is equivalent to that in Eq. (3.64) with
n = 0. Alternatively, one can use the trick presented in appendix section A.3; in order to
make each term in Eq. (4.95) finite we insert a UV regulator p. After that, with the help of
Eqgs. (A.18), (A.21), (A.24), and (A.29) one can rewrite Eq. (4.95) as
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Integrating over k in Eq. (4.96) using Eq. (A.18) yields

2T [21+2iu

2 x 34 % (0, v), (4.97)

as desired.
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We see that, as for to the BFKL equation (3.58), the eigenfunctions of Eq. (4.90)
are powers (though of the transverse dipole size instead of the transverse momentum),
with exactly the same eigenvalues, (4.93) as in that case.® We conclude that Eq. (4.90) is
equivalent to the BFKL equation!

In fact, the substitution (Levin and Ryskin 1987)
2 ko) L pet
H(,\'l(),Xp()-,Y): d k(l —e"t '“)—2f(kj_,x1:(y.)’) (498)
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turns Eq. (4.90) into the BFKL equation (3.58) for the function f (Kovchegov and Weigert
2007b). Verification of this statement is left as an exercise for the reader.

Using the eigenfunctions and the eigenvalues of the integral kernel in Eq. (4.90), we can
write down the solution of Eq. (4.90) as

o0
n(xyo, X1, Y) = fde‘,(xm)x}(TZi”ea"‘(O'")y, (4.99)
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where the coefficient C, (x}y) is fixed by the initial conditions (4.91) as follows:

16a%Cr 1 i
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o TRl
The general solution of Eq. (4.90) is then
o0 ’
16(12CF X10 2iv ealx((),v))’
) = s i e A _ 4.101)
n(x1o, X110, Y) N, X10X10 fdv <x|'0> (1 + 4v2)2 (

For x19 A~ x/o we can use the diffusion approximation from Sec. 3.3.4: expanding x (0, v)
around v = 0 using Eq. (3.84) and integrating over v we obtain

16(12CF 3
n(xo, 1o, ) = ——x i ——— 4.102)
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Readers who performed Exercise 3.5 will recognize Eq. (4.102) as the answer for the
onium-onium scattering cross section obtained there using the standard Feynman diagram
approach. Now we see that a calculation based on LCPT wave functions gives the same
result. Note that the single-dipole distribution 7 is only one component of the onium wave
function. This wave function also contains multi-dipole distributions n,, n3, etc. Hence, as
we will shortly see, the dipole approach, while in a certain limit equivalent to BFKL, in
fact contains more information.

6 We have verified this statement so far only in the case where the angular dependence has been integrated out: we will
consider the general angular-dependent case in the next section,
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