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We study heavy quarkonium production at high
energies in the framework of the quasi-multi-
Regge kinematics (QMRK) approach and the
factorization formalism of nonrelativistic QCD
at lowest order in the strong-coupling constant
as and the relative velocity v. The transverse-
momentum distributions of J/v, ¥(2S), XxcJ,
T (nS)-meson production measured at the Fer-
milab Tevatron are fitted to obtain the non-
perturbative long-distance matrix elements for
different choices of unintegrated gluon distri-
bution functions in the proton.
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Introduction

The factorization hypothesis of nonrelativistic
QCD (NRQCD) assumes the separation of the
effects of long and short distances in heavy-
quarkonium production.

NRQCD is organized as a perturbative expan-
sion in two small parameters, the strong-coupling
constant ag and the relative velocity v of the
heavy quarks.

In the conventional Parton Model: Dokshitzer-
Gribov-Lipatov-Altarelli-Parisi (DGLAP) evo-
lution equation, ln(,u//\QCD)-

S > u? > Ngcp, and kp = 0.

In the high-energy Regge limit the summa-
tion of the large logarithms In(v/S/u) in the
evolution equation can then be more impor-
tant: Balitsky-Fadin-Kuraev-Lipatov (BFKL)
evolution equation and kpr #= O for reggeized
t-channel gluons.



T he theoretical frameworks of high-energy fac-
torization scheme are:

1) the kp-factorization approach,

[Gribov, Levin, Ryskin; Collins, Ellis; Catani,
Ciafoloni, Hautmann]

2) the quasi-multi-Regge kinematics (QMRK)
approach [Lipatov, Kuraev, Fadin].

The kp-factorization approach has well known
principal difficulties in the next to LO (NLO)
calculations.

The QMRK approach gives a conceptual solu-
tion of the NLO problems.

QMRK is based on effective quantum field the-
ory implemented with the non-abelian gauge-
invariant action, as was suggested a few years
ago [Lipatov, 1995].



The QMRK approach

w~ My = /M2 + |pp|
z=pu/VS<K1

The unintegrated gluon distribution function
Cb(x,|qT|2”u2)_

In the QMRK approach, ¢° = ¢2 = —g2 # 0.

For details see Morning Lectures by Fadin and
Kuraev.



In 2005 the Feynman rules for the effective
theory based on the non-abelian gauge-invariant
action were derived for the induced and the
some important effective vertices [Antonov, Ku-
raev, Lipatov, Cherednikov].

Feynman rules.



The induced vertices of reggeized gluon transi-
tion to Yang-Mills gluon R — g (PR-vertices)
has the form:

I’iy(q) — zéab Q(ni)u (1)
(nt) =P{/E;, P =FE1(1,0,0,1)
(n7)Y =P5/E>, P> =FE>(1,0,0,-1)
(ntn™) =2, (nFn¥) =0,
Kkt kT = (kn%).

@ =aqr+> -5 Upt = q17 + x1P1,

_|_

q _
G2 = qor + AN = qor + 2P,
=g =0



The induced interaction vertices of reggeized
gluon with two Yang-Mills gluons (PPR-vertices)
reads:

2
= q
I_gcby(kla q, kQ) — —gsfabck—:t(ni)u(ni)y (2)
1

The reggeized gluon propagator is specified as
follows:

Dy (a) = =i 5 [(n ) () + () ()] (3)



The effective 3-vertices, which describes the
production of a single gluon with momentum
k = q1 + go and color index b in the "two
reggeons collision” RTR™ — g (PRR-vertices):

F;Zﬁf (CIL k,q2) =

_ cab H(=q1, —qo, k) (nT)1(n™)" +
(a1 a2 Y0+ T a2 a1, ) () =

= 295 f" [(n—w(q; + q—%) —

41
N 2
~(n (g + ) + (g1 — qz)“]

qz

b, u b, p b, p b, u

%xk - - .

LG q/ 2 Ny 8 W 2
C, /—;—/ \a — C, —|— 77 a,‘\—, Vv C, —|:,i77 \CL\,\— C, /—;—/ a,‘\—, 14

Effective vertex RT R~ — g.



The gauge invariance of the effective theory
leads to the following condition for amplitudes
in the QMRK:

im JA(R+R—H+X)2=0. (4)

lq17],la17|—0

In the QMRK approach, the hadronic cross
section of quarkonium (H) production in the
process

p+p—-H+X (5)

and the partonic cross section for the reggeized-
gluon fusion subprocess

R+R—>H+X (6)

are connected as

do(p+p—H+X) =

dry [d?qir
/— (1, [q17]%, p?) X
T
dro [ d?qor
/E (22, [qo7|?, #?) X
d5(R+ R — H+ X). (7)
4 d

T = N .
L™ 2p," ° 7 2B,



d?q
2Geu?) = [ Lo larPw?),  (8)

T he partonic cross section for the two reggeized
gluon collision can be presented as follows:

N
2x1x0S
AR+ R — H+ X)do, (9)

dG(R+R—H+X) =

N = (r1225)?

— | (10)
16|a17/?|a27]?

So that when qi7 = qo7 = 0 we obtain the
conventional factorization formula of the collinear
parton model:

do(p+p—H+X) =
/dle(xla MQ)/dSL‘QG(fUz, u?) x
do(g+g— H+ X) (11)
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In the stage of the numerical calculations, we
use the unintegrated gluon distribution func-
tions ®(z, |qr|?, #2) JB , JS , and KMR.

Note, that the JB distribution function is based
on the BFKL evolution equation.

The JS and KMR distribution functions were
obtained using the more complicated evolution
equation, which takes into account both large
logarithms of the types In(1/z) and In(u/Agcp)-

11



NRQCD formalism

In the framework of the NRQCD factorization
approach, the cross section of heavy-quarkonium
production in a partonic subprocess a + b —
H + X may be presented as a sum of terms in
which the effects of long and short distances
are factorized as

do(a+b—H+ X) =
S dg(a+b— QQ[n] + X)(O"[n]), (12)

The cross section do(a+ b — QQ[n] + X) can
be calculated in perturbative QCD as an ex-
pansion in ags using the non-relativistic approx-
imation for the relative motion of the heavy
quarks in the QQ pair.

The non-perturbative transition of the QQ pair
into the physical quarkonium state H is de-
scribed by the NMEs (O"[n]), which can be
extracted from experimental data.

12



To leading order in v, we need to include the
QQ Fock states n = 35(1) 33(8) 15(8) 3P(8)

if H = T(nS),¥(ns), and n = 3P(1) 33(8) if
H = xpjecg(nP), where J = 0,1 or 2. Their
NMEs satisfy the multiplicity relations

(OTENEPE) = (27 4+ 1)(OTDERP)),
(P EPV)) = (27 + 1)(0xePI BRIV,
(O PIESEN) = (27 + 1)(0x0 P BEsE)),

which follow to LO in v from heavy-quark spin
symmetry.

(OT DBV = 2N(2 4 1)|Wa(0)[2, (13)
where No. =3 and J = 1.

(@I PIEPM]) = 2N, (27+1) W/ (0)]2. (14)

13



d5(a+b— QQPHL® - n) =
(OH[25+1LS1’8)]>

43 (a+b— QAP
col‘Vpo

where N.o = 2N, for the color-singlet state,
N¢o) = 8 for the color-octet state, and Ny =
2J + 1.

The production amplitude

Ala + b — QQ[25+1 (18

can be obtained from the one for an unspeci-
fied QQ state, A(a+ b — QQ), by the applica-
tion of appropriate projectors.

14



The projectors on the spin—0 and spin—1 states
read:

1 D D )
[ — | = —q — —+q+
1 (p P, .
1 =32 q—m) -y > +qg+m

The projection operators on the color-singlet
and color-octet states read:

5..
C1=—L and Cg = V2TE. 15
1 m 38 f 1j ( )

To obtain the projection on the state with
orbital-angular-momentum quantum number L,
we need take L times the derivative with re-
spect to q and then put g = 0.

Aa+b— QQ[Is{H®) =

= Tr |C18MoA(a + b — QQ)| 4=o0,

A(a+b — QQPRs{H®) =

= Tr |C18N7A(a + b — QQ)ea(p)| lg=o0,

A(a+b— QQPERP®) =

d _
= —Tr|C18NTAla + b — QQ)eas(P)] lg=0
dqﬁ
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Zga(p)&“z/(p) — Pao/(p) — _gao/'l_p]o\j?a
Sz

(16)

For the 3P; states with J = 0,1,2, we have

1

(O)(p)s(o) (p) = 3 23(D)Pup (D),

SeB0R0) = 2 (Peo 0P 0) -

Pap () Pas (p)) :
SR 0 = 5 (PuPar o) +

J.

Paﬁ’(p)Pa’ﬁ(p)) —% 28 Pas (D)
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Heavy quarkonium production
by reggeized gluons

In this section, we obtain the squared ampli-
tudes for inclusive quarkonium production via
the fusion of two reggeized gluons in the frame-
work of the NRQCD. We work at LO in as and
v and consider the following partonic subpro-
Cessses:

[3P(1), 3 (8), 15(8), 3 (8)]

R+ R
3 (1)
Ra_giy_;,}—m Rv_gi7_+
H,p Y H, p
R q;;_ R7--q;7-_
R q1 + R7 q17+ Ra (J17+
LN \\ \\\
\
MH,P M'H,p M'H p
e
/{ /// /{
R7 q2, — R7 q2, — R: q2, —

Feynman diagrams for subprocesses
RTR™ — H.

17



We obtain

AR+ R — HPBPV))?

AR+ R — HPPXM?

AR+ R — HPBPV]P?

AR+ R — H[ES®)?

AR + R — H[LSP]P?

AR+ R — HPP)?

AR+ R — H[EPP]P?

AR+ R — HPBPP]P?

1
S8 5 2<OH[3PO( )]>F[3P°](t1 to, @)

§7r o Ve

13_67T2a§ <OHE\7§1)]> FUA(ty, 12, ),
%W%E <OHE\ZIZ§1)]> FUP (11,10, ),
%”2045 <OH][\34§§8)]>F Ut 12, ),
%WQQE <OH][\14§(§8)]>F[IS°] (t1,t2, ),
52 §<OHE\ZIZCSS)]>F[3P°](t1,t2,<p),
107 ] <OHE\34]Z1(8)]> FUPI (1,12, ),
41202 LD prri 1
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5 16t1to
FR0ee) = Go i furor e 5+
+M?(t1 + t2 — 2v/t1t2 COS @) ],

32M2t1t2 sin? ©

F[ISO](t]JtQ? 90) —

(M2 4 t1 4 t2)?’
3 32M2t1t2
FUPI(tq ¢, = 3M? 4 t1 + o) COS
(1,12, ) 9(M2—|—t1—|—t2)4[( + t1 +t2) cosp +
+2vfita)?,
3 32M2t1t2 .
FUPRI(¢ ¢, = t1 + )2 sin?
(L1, 12, ) SO L i1t 0)? [(t1 + t2) © +
+M?(t1 4 to — 2v/t1t2 COS ) ],
; 16 M?2t1t
FUPI(1) 10, ) = 2 [3M* + 3(t1 + t2) M2 +

3(M?2 4 t1 +t2)*
—I—(tl —+ t2)2 cos? @+ 4ti1to +
+2v/t1t2 [3M? + 2(t1 + t2)] cos ¢,

Here pr = qir + aor, t12 = |q127]%, and
@ = p1 — 2 Is the angle enclosed between qir

and qo7, SO that

pr|? = t1 + to + 24/T1la COS @
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A(g + g — H[2SH1LE 2 =

27 dSO]_ /27‘(‘ dQOQN 9
0o 27

lim
t17t2_>0 0 27'('

<| AR+ R — H[2S+1L(H8))12

In this way, we recover the well-known results:

i ] 8 OH 3P(8)
A(g+g9— H_3P(§1)_ 2 = §7T2a§< 5\430 ]>,

A(g+ g — H:3P1(1): 2 = 0,

i ] 32 OH 3P(8)
A(g+ g — HBPVI2 = EWQO‘? 5\432 D,

A(g+ g — H[BSE2 = o

(8)
L ne@®y2 2 2 S (OTLS5™])
[A(g + g — H[1S5™] = n2a2 20 2,

OH 3P(8)
A(g +g— H[3PC§8)]\2 — 57T2a§< 5\430 ]>’

[ ACg + g — 7-([3P1(8)]|2 = 0,

(8)
®o 4 5 H(OR[PP™])
Alg+9 = HEP |2 = _nlal——
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g, k3 g, k?)

R7 q2, — R7 q2, —
R7 qi1, + R7 qi1, +
Z}/V%Hj | h
R, g2, — g, ks R, g2, — g, ks
R7 qi, + R7 qi1, +

| |
| |
Y \
| |
% é \
<
i
| |
| |
Y Y
| |
A
<
i

R7 q2, — g, k3 R) q2, — g, k?)
Feynman diagrams for subprocesses
rRtR= — H[Bs{Mg.
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In the case of the 2 — 2 subprocess RR —

QQ[3S§1)]9, we find analytical answer too, but

this result has not been presented here because
it is unwieldy.

32073a3(0M[3sV Y M

A H[35(D) 2 s 1 1/¢

|[A(g + 9 — H[3S1] + gl S12 — D22 — a2 (f - 0)?
x (M*2 — 2M?83 + % + M*ta — 3M?t%a + 2830 + M*a?

— 3M?ta? + 38202 — 2M2a3 + 2t + at),

where 3 = (q1 + ¢2)%, T = (¢1 — p)?, and

& = (go — p)2 are the standard Mandelstam
variables.
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Heavy quarkonium production
at the Tevatron

Nowadays Tevatron CDF data incorporate pp-
spectra for prompt T(1S5,2S,3S5) at the VS =
1.8 TeV and for prompt T(1S) in the different
intervals of rapidity at the v/S = 1.96 TeV: for
direct J/+, for J/v¢ from ' decays, for J/v
from x.; decays at the /S = 1.8 TeV, for
prompt J/¢ at the v/S = 1.96 TeV.

oPTOMP (I f) = oM /) + o (W — T /) +
+o(Xeg — J/¥) + U(¢/ — Xeg — J/¥)

0) Collinear PM 4 CSM
1) Collinear PM + NRQCD
2) Collinear PM + CEM
3) kp-factorization + CSM

4) kp-factorization 4+ NRQCD
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In contrast to previous analysis in the collinear
parton model we perform a joint fit to the run-
I and run-II CDF data for all pp, including the
region of small pp, to obtain the color-octet
NMEs for ¢(nS), T(nS) and x.j(1P), xpj(nP)
using three different unintegrated gluon distri-
bution functions. Our calculations are based
on exact analytical expressions for the relevant
squared amplitudes, obtained in the QMRK
approach.

The rapidity and pseudorapidity of a heavy quarko-
nium state with four-momentum p, = (po, P71, P3)
are given by

1 po+p3

1
v = in _ 1, Ipl+p3

po —P3’ 2 |p|—p3’
respectively. We use also following variables

__ Potp3 ¢, = PO P3

o1 2E 2F-

24



In the case of the 2 — 1 subprocesses, we ob-
tain

do(p+p—H+X) |pr| [ Pair [d°qor
— | | > 2¢(£17 |q1T|2>/J'2)X
d|pr|dy 8 ld17| |do7|

x P (&2, |qar|?, 12)d(air + a1 — pr)|A(R + R — H)|2.

For the 2 — 2 subprocess, we have

do(p+p—H+X) |pr| d?qir dQQQT/ dxo y

d|pr|dy 12873 ) |aqur)?2 ) Jaerf? ) @2 — &
x (1, |qir|?, p?) P (22, |qor|?, p?)|A(R+ R — H + g)
where

2

. 1
(22— &)S

1

((Q1T + qor — pT)2 - M? - \pTI2 + nglS).
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We now present and discuss our results.
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In previous fits to CDF data took into con-
sideration the region of large |pr| > 8(4) GeV
only, and the linear combination

8 r 38
Mt = (O + S (OMERPY  (17)
e
was fixed because it was unfeasible to separate

the contributions proportional to (OH[lséS)D
and (O"[3P®)).

By contrast, QMRK fit allow us to determine
<OH[1SC()8)]> and (OH[3P(§8)]> separately, which
is due to the different |pp| dependence of the
respective contributions for |pr| < 8(4) GeV.
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10°

10?

- T O R SO SO NI N I

Contributions to the pp distribution of direct
T (1S) hadroproduction in pp scattering with
VS = 1.8 TeV and |y| < 0.4 from the rele-
vant color-octet states. All distributions are
normalized on unit in their peak values.
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Table: NMEs for J/v, ¢ and x,.;

NME PM Fit JB Fit JS Fit KMR
(07/¢[38D]) /GeV3 1.3 1.3 1.3 1.3
<OJ/¢[3S](8>]>/Gev3 44.103 | 15-103|6.1-103 | 2.7-103
(O7/¥[155¥])/Gev? | 43.102 | 6.6-1073 | 9.0-103 | 1.4.1072
<OJ/w[3P<8)]>/Gev5 2.8-1072 0 0 0
((91/"[3S§1)]>/Gev3 65-10°1 | 65.-10"1 | 65.-10"1 | 6.5-10"!
<O¢’[3S 8)]>/Gev3 42.10°3 | 3.0-10% | 1.5-103 | 83.10°*
(OV[1s$¥])/Gev? | 6.9.1073 0 0 0
<<9w’[3p<8)]> /GeV® | 3.9.-1073 0 0 0
(Oxeo [‘°’P(1)]>/Gev5 89-102 | 89-102 | 89-102 | 89102
(0x0[358)]) /Gev3 | 4.4.1073 0 22.107% | 47-10°°

2/ol of - 2.2 () 41 3.0

AL ~ANS~0
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B do/dp,, nb/GeV

HHHH‘ HHHH‘ HHHH‘ HHHH‘ Ty /7 \HHH‘

(b)

=
o
o
HHHH‘ HHHH‘ HHHH‘ HHHH‘ I \HW HHHH‘

B do/de, nb/GeV

o
HHHH‘ \HHW‘ HHHH‘ HHHH‘ Vi W I \HHH‘

B do/de, nb/GeV

N
(o]
(o]
S

12 14 16 18 20

P GeV

Direct J/v, CDF (run I)

(a) - JB, (b) - JS, (cg - KMR
1 - 3S§8), 5 _ 1SC()8)_|_3P§ ) 3 3S§1)
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HHHH‘ HHHH‘ HHHH‘ T TTT] V\HHH‘

B do/dp,, nb/GeV

B do/de, nb/GeV

10"

10*

(©)

10°

10

10

B do/de, nb/GeV

4 6 8 10 12 14 16 18 20

P GeV

J/ from )/, CDF (runI)
(a) - JB, (b) - JS, () - KMR
8 1
_3518)’ 3_3s§)
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B do/dp,, nb/GeV

JB

10°

10°

10°

0% | | | | | | | |
10 12 14 16 18 20

Py GeV

N
o
(o]

J/y from x.j, CDF (run I)
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P GeV

33

,
- - % © o B P © © o %
< o9 3 3 S < 49 32 23 S < 9 3 3

APo/qu “Ldpjop g A8O/qu “tdpjop g A2O/u “tdpjop g

Prompt J/vy, CDF (run II)



Table: Inclusive branchings fractions
for transitions between spin-triplet
bottomonium states.

In\Out | Y(35) |x62(2P) | xp1(2P) | x60(2P) | T(25) | Xp2(1P) | X1 (1P) | xp0(1P) | T (LS)
T(35) 1 0.114 | 0.113 | 0.054 | 0.106 [0.007208|0.00742 [0.004028| 0.102171
x2(2P)| — 1 — — 0.162 [0.011016{0.01134 {0.006156| 0.129565
o (2P)|  — - 1 — | 0.21 | 0.01428 | 0.0147 | 0.00798 | 0.160917
xo0(2P)| — — — 1 0.046 {0.003128|0.00322 [0.001748]0.0167195
Y (25) — — — — 1 0.068 0.07 0.038 | 0.319771
2 (1P)| — - - - - 1 - - 0.22
xo1(1P)| — - — — — — 1 — 0.35
Xpo(1P)|  — - — - — — — 1 0.06
Tas)| — | — - N - - |
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Table: NMEs for T(15,285,3S5), and x7

n/n PM Fit JB Fit JS | Fit KMR
(OTAN1SE)y Gev3 | 1.4-1071 0.0 0.0 0.0
(OTANBEsY]y Gevd | 1.1-101 | 1.1-10! | 1.1-10' | 1.1-10%
(OTANBSEY Gevd | 2.0-1072 | 5.3-1073 0.0 0.0
(OTANBEPB) Gevd 0.0 0.0 0.0 9.5.1072
(OX0(1P) [3S<8)]>,Gev3 1.5-102 0.0 0.0 0.0
(0x0P)3PIV]) Gevs 2.4 2.4 2.4 2.4
(OTCH[15B]) Gev3 0.0 0.0 0.0 0.0
(OTCHBgD]) Gev3 4.5 4.5 4.5 4.5
(OTCHE5®]y Gevd | 1.6-1072 0.0 0.0 3.3.10°2
(OTCH[BPO) Gevs 0.0 0.0 0.0 0.0
(OxwP)[35®)]) Gev3 | 8.0-1073 | 1.1-1072 0.0 0.0
(0P 3Py Gevs 2.6 2.6 2.6 2.6
(OTEN18E)y Gev3 | 5.4.1072 0.0 0.0 0.0
(OTCENBEsI]) Gevs 4.3 4.3 4.3 4.3
(OTGNBESE) Gevd | 3.6-1072 | 1.4-102 | 5.9-1073 | 1.1-102
(OTENBPB) Gevd 0.0 24-1072 | 3.4-1073 | 5.2-107?

x2/d.o.f — 2.9 2.7-10 | 4.9 107

Color Octet Contribution <
Color Singlet Contribution
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10°

10"

10°

10

B(Y(nS) - u*p7) x (d®o/dpdy)y g 4 PD/GEV

10

10°

10"

@

#

I \HHH‘ KT HHH‘

(b)

(©

Prompt T (nS) pp-spectra. T(15)— a, T(25)—
b, T(3S)— c, JB distribution function
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10
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10°

B(Y(nS) - u*p7) x (d®o/dpdy)y g 4 PD/GEV

(©

10* = ~
o T
- I
i N
10° =
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L =<
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- ~
~
10-1 | |~ ‘
0 2 4 6 8 10 12 14 16 18 20

Prompt T (nS) pp-spectra. T(15)— a, T(25)—
b, T(35)— c, JS distribution function
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10°

10"

10°

10

B(Y(nS) - u*p7) x (d®o/dpdy)y g 4 PD/GEV

10

10°

10"

I \HHH‘ KT HHH‘

@

(b)

(©

Prompt T (nS) pp-spectra. T(15)— a, T(25)—
b, T(35)— ¢, KMR distribution function
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10°

107

B(Y(19) - u*p") x d?o/dpdy, n6u/T>B

10"

10°

0<y<06

107

Lo Lt b b \\\m4

3

12<y<18

w

4

TN T I N I P
2 4 6 8 10 12 14 16

Py, B

o

0 2 4 6

06<y<1.2

O<y<18

I N N O T A A T
8 10 12 14 16
P I'>B

Prompt T(1S) pp-spectra, KMR distribution
function, v/S = 1.96 TeV.
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107

10

10°

HHH‘ I \HHH‘%\HHH‘ I

(b)

10

\\\HH}\_A‘{_‘\\\\

10°

S

(©

B(Y(nS) - w*p") x (d®o/dpdy)y (g 4- PDIGEV

%

10"

10°

| * \
10* | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |

2 4 6 8 10 12 14 16 18 20
Py GeV

\\HHH‘ \\\’\_A\{u\‘ Tl

o

Prompt T (nS) pp-spectra. T(15)— a, T(25)—
b, T(3S)— ¢, KMR distribution function, Color
Singlet Model with x;;(3P) contribution.
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Conclusion

1. Working at LO in the QMRK plus NRQCD
approach, we analytically evaluated the squared
amplitudes of prompt heavy quarkonium pro-
duction in two reggeized gluon collisions.

2. We extracted the relevant color-octet NMEs,
(OH[s{]), (OM[1s§P]), and (OMEPSP)) for
H = 7T(15,285,3S5), J/¢, Y, x.g(1P) and x; (1P, 2P),
through fits to pp distributions measured by
the CDF Collaboration in pp collisions at the
Tevatron with v/S = 1.8 TeV and 1.96 TeV
using three different unintegrated gluon distri-
bution functions, namely JB , JS , and KMR.

3. Our fit to the Tevatron CDF data turned
out to be satisfactory with the KMR uninte-
grated gluon distribution function in the pro-
ton.

4. NS~ AL ~ 0.

5 <O(b§) [25+1LS8)]> < <O(CE) [25+1L§8)])
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6. We have shown that the QMRK approach
has powerful phenomenological potential to de-
scribe high energy processes in the Regge limit
of QCD.

7. DESY 06-019, hep-ph 0602179



