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Key idea:

“Soft” Pomeron — nonperturbative
QCD but at sufficiently short distances

r, (Pomeron) = 1/M, > 1/A

as(My) << 1

High energy amplitude as an admixture...
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Soft Pomeron

Our approach:

0“0 ® K(qz’q12) =

” As @92) P(a?):

L

o Pg2)=1¢e

2 _ g2 - 2.

NN

o K(q*q?) = Asd(qd®) ¢(q¢"*) — s°5;

° K(qz,q'2) — AS¢((12) ¢(q’2) — diffusion in
impact parameters (bg) ;

e K(¢%4q?) = Ast(q®)¢(¢?) — R =aplns
where R is the radius of interaction

o K(¢%q?) =As50(¢*)9(¢?) — oafpox1/q];
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Hard Pomeron

e @ Hard Pomeron =
BFKL Pomeron in NLO
+ running g e e

BFKL Pomeron

e The BFKL equation:

) Gf(qfa (j;) —
= 6O(g; — @) + / &’q Ku(dp, @) GH(T, @)

e Eigenvalue equation:

lo = 2 2 2
a(q’) / dg " K (%) pr(q”) = TTHw(f) br(q”)
where

Ku(qy, q) = a(CIf) K (22)

and
1
r =In(q"/A%) — 2 In a(q”) , 7 = In(qy /A%
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BFKL Pomeron

e Diffusion approach

w(f) = wr (1 + D f* + oY)
e BFKL Green's function in the diffusion model
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“Effective” Pomeron in DIS
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“Effective” Pomeron in DIS

e 'Effective” Pomeron equation
Gi_H(T’fa r;) = D(w;re, ri)+D ® (Ks + Kgg) ® GZ*—H

Gf(’l‘f,’l"i) = D(w;rf,r,-) —|— D ® KH ® Gf
where
D(w;re,ri) = 0(ry — i) /w

e Solution
G2 H(rsyr) = GL (ry, 1) +

(GJ(rs;7") @ &(r")) (¢(r) ® G (', 7))
1 —Asp(r)Q GI(r',r") Q @(r”)
e 'Effective” pole equation

+As

1 — AS/ d'r"/ dr’ ¢(r’) Gf(r', r)Yp(r’) = 0
e Resulting pole

D ws Ag

w = Ag_g = A X
S—H S+ws+96Tg(&s+As)

where
T"H WL

ws =
rs
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“Effective” Pomeron in DIS

e Restriction for “Effective” Pomeron

TH W
As_g > @ where w = H L
— 'rf—l—rz
2
1. Small coupling constant
2
T ~
0 <Y K , ag < 0.1
WrL Ty
2. Large virtualities
2
T re + 75 WL TH
WL TH 2 As_H
3. Large rapidity
WL TH
— DA%

e Final answer for Green’'s function

S

qaf qi

AS AS_H _
GDIS(Y, rs, 'r'i) — ( ) g (w = AS—H, s, 'T’i)

qdr qi
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Conclusion

e The high energy asymptotic behavior is due to
the exchange of the resulting “effective” Pomeron;

e The “effective” Pomeron intercept is the sum of

the contributions from pQCD and non-perturbative
processes;

e The non-perturbative contribution is essential
even for DIS process;

e The result depends on the value of the soft
Pomeron intercept;

e The result depends on the values of the soft
Pomeron scale and separation scale;
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“Effective” Pomeron at large b

Dipole-dipole BFKL amplitude

5+
BFKL dv 4—8iv w(v)y rit "“g,t 2T
N (y7 T1,ty T'2,t3 bt) — Ed)m2 e T

Dipole-dipole BFKL amplitude

5+v
dv 4—8iv w(v Irit’r%,t ?
N (y, r1,t, 2,45 b)) = / %¢in2 ey <(b2 T2, /4)

Correct Born term

" s N2 — 1 1
: = T
e * N2 1/2 — iv

Dipole-dipole BFKL amplitude

N2 —1
N(y, 1,6, 72,65 q) = 042 > (71,6 T2,t)
w 2 2\*
/ ° y(r”q ) Ksiv (lq| |72,]/2)
27 1 27r(w — wv) /2 —iv) T1 + 2iv)
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“Effective” Pomeron at large b

o 'Effective” pomeron

N§ g (rig,re3q) =

Nw(ﬁ,t, T2,t5 CI)

1 — A[ d?ky [ d?ks ¢(ki, q) k2 NG (K, ka; q) k2 p(ka, q)

here
o
N (r1,t, T2,45q) =
2\ Y o a—siv
(ruarae) [ 22 (rhed®) 2 Kaulallrad/2)
DB ] om (w — w(v))(1/2 — iv)  T(1 + 2iv)
([

N“(r1,6,T2,459) =
/d2k1/ dzkzeik’lﬁ,ﬁiﬁz??z,t](rw(kl,kz;q) =
Ag 2 2y, ik +ikaty ’k'(K')? '
= &2k [ ke d°k' (k") (K, q)

Ng)(k:l’ k:z; q) / d2kll(kll)2¢(kll’ q)N(;d(kﬁ]_,k:”; q)
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“Effective” Pomeron at large b

e Soft kernel

Ksoft(kla k , q) — AS¢(k:17 q)¢(k27 q)

_ k2 (§—Fk)?
¢(k,q) = e 295 245

e Soft Pomeron

A 2 2 ’
—wqge /295 As—aq2
q2 ZAS / AT AS
— < 1, A = ;) X = —/— = —
q: ™ qZ 4 2 q:

e [he “effective” pole equation

2Ag

2
™ qg

/ d’k; k7 / d’ky k3 (k1 q) ¢k, q)

d2 T1,t —’”—‘;1"?1 d2 T2t —iE2F2
(27)? (27)?

N (r1,6,72,659) = 0
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“Effective” Pomeron at large b

1. In the region where

2
219 < 1 and 214 In Z—g) < 1 with

4 A 2
vo = —2 In(%)
D q
the solution is given by
2
w = ws g = wo + (As) 51600—1 1
2. In the region
2
29 < 1 and 2y ln(Z—‘;) > 1, where
2Ag
Vg —
D
the solution for ‘effective’ pole reads:
q2 2y
S
W= wsom = w0k Ty T 288 (16q§>
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“Effective” Pomeron at large b

Solution in g representation

Ns_u(y,ri,t,T245q) =

= CrrAge“S—HY

(71,672,) ( q

21/0
21/0
r S K U, T 2
T qs) (71.025)™ Ko, (1] |72.2]/2)

Solution at large b

gs

i b
NS—H(’y, T1,ty T2,t5 b) — / d2 q e"? NS—H(ya T1,ty T2,t5 CI)
0
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“Effective” Pomeron at large b

1. In the region where

1
ZAsy

1/41/0 1 1/41/
<1,b<bmam:4 (2A5y) 0)

S

4bqs(

the amplitude is

Ag
woYt+Y =<, 1
Ns_u(y,rit, r24;b) = e ML T+ —)

21/0
29072 [2AS 8 1/2vg ( 2) -y 21
T1.47 —
164v0—1 D \ Asy Lt72¢ s T2,
with
2Asg
Vg = .
D
2. For impact parameters
_ 1 1/4vq
b>bmaa3— (2As’y) 9
4 q,
the amplitude reads as
Ns_pg(y, T1,t, T2,65b) =
2n?  [3As Ty s
. T S ( T1,t T2t ) e 0 y+y28 v — 1 F(1+2V0)

( b? + r3,/4
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AMPLITUDE

High energy amplitude as an admixture...

“Effective” Pomeron at large b

BFKL amplitude

Amplitude at large b
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Conclusion

o The model does not lead to the unitarization of
the cross section;

e The BFKL amplitude is the lower boundary for
the “effective” Pomeron:
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