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QMRK approach and the particle Reggeization hypothesis
Regge limit of QCD: Agcp < p < VS = v =p/S < 1=

= large contributions of the type [a;In(1/x)]",
described by BFKL(-like) evolution equations

for unintegrated PDFs @7 (,[q|*, u?).

Numerical calculations:

e the Kimber-Martin-Ryskin (KMR) prescription for UPDFs;
e input: collinear densities by Martin-Roberts-Stirling-Thorne (MRST).
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QMRK approach and the particle Reggeization hypothesis

1. Electron Reggeization in QED:
M. Gellmann, M. L. Goldberger, F. E. Low, E. Marx, and
F'. Zachariasen, 1964.

2. Gluon Reggeization in QCD:
E. A. Kuraev, L. N. Lipatov, and V. S. Fadin, 1976;
I. I. Balitsky and L. N. Lipatov, 1978.

3. Quark Reggeization in QCD:
V. S. Fadin and V. E. Sherman, 1976.
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QOMRK approach and the particle Reggeization hypothesis

PA PA’

Sap = (Pa+ Pg)®, Sawc=(Pa+Pc)’, Spc=(Pp+ Fc)
Sxc, Spe, P2, P(%T K Sap, (Pa-Py) << (Py-Po) < (Py- Pp)
Yyar > Yo > Yp
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QMRK approach and the particle Reggeization hypothesis

P1 :El(l,0,0,l), PQZEQ(].,O,O,—].), S:4E1E2

B B

(n™)* k= =k -nF = k:“nff

= — TV = =
E17 (n) Egj

k1 =x1 Py + ki, ko = o Py + kor
ty = _k% — _k%Ta ty = —k% — _kgT

T < 1, Ty K 1

A. V. Shipilova, Open charm production at high energies and the quark Reggeization hypothesis



31-03-2009, DESY, Miniworkshop on small x, saturation and underlying events 7

Effective vertices in the QMRK approach
The QMRK approach is based on the effective quantum field theory

implemented with the non-abelian gauge-invariant action:

Reggeized gluons (R), L. N. Lipatov, 1995,

Reggeized quarks (Q), L. N. Lipatov and M. I. Vyazovsky, 2001

Feynman rules for the effective theory:

E. N. Antonov, L. N. Lipatov, E. A. Kuraev, and I. O. Cherednikov, 2005
L. N. Lipatov and M. I. Vyazovsky, 2001
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Effective vertices in the QMRK approach

R(q1)

}%(Q2)

CH=9(q1, q2) = 25 f* ((91_Q2)u_(n+>u( N

kE=q + q
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Effective vertices in the QMRK approach

Q(q1)

Q(q2)

C09(qy, qo) = —ig, T (g1, — o)

(R )y . (n7),
T

k=q + q

(+-)

Vi (91, G2) = Y — G
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Effective vertices in the QMRK approach

R(g2)

Q(q1)
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Effective vertices in the QMRK approach

v(q2)

Q(q1)

C9™Y gy, qy) = —iee,y\ (a1, q2)
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Fragmentation model

e [ragmentation approach: pr > Mp.

e D-meson production cross section:

do(pp(e) — DX) = /da(pp(e) — cX)D._p(z, p*)dz

= /v + Mp.
e B. A. Kniehl, G. Kramer, Phys. Rev. D 74, 037502 (2006): universal

non-perturbative fragmentation functions, obtained by fitting the OPAL
Collaboration ete -annihilation data at CERN LEP1.
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D-meson photoproduction at HERA:
QMRK subprocesses

Direct: v+ C — ¢

M (C = ¢)]2 = drae’k?.
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D-meson photoproduction at HERA:
QMRK subprocesses

Resolved: R, + C, — ¢ and
R, +C,—c

[ M(Cpy) By — )P =

2 -
— g7 s (%) 7
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D-meson photoproduction at HERA

The master formula for the direct production:

pszTT N QW/d”/dZDHD 2, 102 Y fse () PE (@, tr, 17) [ M (4Cp — ),

pre’  pre’’
22E, 4= 2:5,

The master formula for the resolved production:

ppoT /dn/dz/dy/d@/d@DHD 2, 13)2° fye(y) X

X (I)p $1,t1 v )@7(x2,t2, ’M(CR —>C)‘

[ - S

r1 —

pre” pre "

L1 — Lo = 2ZyEe7

2ZEp, tl :t2—2|]€T’\/ECOS¢2+/€%,
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D*-meson photoproduction at HERA
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Ds-meson photoproduction at HERA
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D-meson production at the Fermilab Tevatron

CDF Collaboration:

do /dpr for prompt D-meson production
in pp collisions at /S = 1.96 TeV

in the central rapidity region |y| < 1.

QMRK subprocesses

1. R+C —c
2. R+ R—c+c
3. Q+Q — c+c¢, where Q =U,D and S.
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D-meson production at the Fermilab Tevatron
QMRK subprocess R+ C — c

X/
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D-meson production at the Fermilab Tevatron
QMRK subprocesses R+ R —c+¢c¢and Q +Q — c+ ¢

Rp+Rﬁ—>C+E

X/
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D-meson production at the Fermilab Tevatron
QMRK subprocess R+ R — c+ ¢

16 2
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D-meson production at the Fermilab Tevatron
QMRK subprocess R+ R — c+ ¢
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D-meson production at the Fermilab Tevatron
QMRK subprocess Q + Q — c+ ¢

g2

2 - 8(@13—6L23)2—S(T—|—U)—|—

1
9 52

IM(Q+Q — c+o)f?

4&13<T + k%T) -+ 4&23([] -+ k‘gT) + 4&1277?,2 —

4
a (afskir + assksr + arzass(T + U))

kil kj)

A. V. Shipilova, Open charm production at high energies and the quark Reggeization hypothesis



31-03-2009, DESY, Miniworkshop on small x, saturation and underlying events 24

D-meson production at Tevatron

QMRK subprocess: R+ C — c

The master formula:

[y [az [t [ oD pieit)z?
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D*T-meson production at Tevatron

T T AT
}
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DT-meson production at Tevatron

;\=

R+R—->Cc+C
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D'-meson production at Tevatron

\‘

R+R—-c+C
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D} -meson production at Tevatron

\‘

R+R—-»c+C
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Conclusion

1. Working in the above mentioned approach and fragmentation model we

calculated the pp-spectra of D*-, Dy-meson photoproduction at HERA

Collider and obtained a satisfactory agreement at high pr between the
our results for the production via LO QMRK subprocess vC' — ¢ and the

experimental data.

. We also calculated in this approach the pp-spectra of D-meson
production at Tevatron and obtained a good coincidence between our

results and the experimental data.
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Conclusion

Taking into consideration pointed out coincidences between analytical
calculations and experimental data, we conclude:

1. The quark Reggeization hypothesis justify itself when one admits it
because of correct describing the experimental data for cross sections of
D-meson production in different reactions even at LO.

. The Kimber-Martin-Ryskin-Watt unintegrated c-quark and gluon
distribution functions in a proton seem to be correct because of successful
using them for calculations of D-meson production in different reactions.

. The details of the calculations are published in the work B. A. Kniehl,
A. V. Shipilova, V. A. Saleev arXiv:0812.3376.
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Thank you for attention.
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