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1. Introduction
Why SHA?

1) At HERA energy and beyond the H.Q. production -
semihard process.
By definition in these processes we have a hard scallering
scale u

yz-~p§ *M?%:M?+p;, M~M,

which is large as compared o the Ay, parameter but g is

much less than the total ¢.m.s. energy JS ofa process
A@.T, << U << Jg .

In such case M?/§~x<<1 and we have deal with hard
processes in small x region.

2) It means the pQCD expansion any observable quantity in ag
contains large coellicients O(n"(s/M?))~ O(In"(1/x)) (besides
the usual R.G. ones O(n" (¢’ /A% )) ), which compensate the

smallness of the coupling

q constant a,(x* [A%,).

[t is known the resummation

— . ¢ ol these terms (&, In(1/x))"

- (~1 at x—0) results in the

g so called unintegrated parton

k distributions F(x,k2)

¢ S (k=xp+k, k;=—k;) — the
probability to find a parton

carring the longitudinal momentum fraction x and transverse

momentum &, .

X -




[f the terms (asln(g’/ALe)” and DL terms
[a‘sln(,u:'/hi,{_.u}ln{ljx})" are also resummed, then the

unintegrated parton distributions (u.p.d.) depends also on the
probing scale u:

A(.‘f,j:-f,‘ul}
The u.p.d. obey certain evolution equations:
e BFKL: E.Kuraev, L. Lipatov, V. Fadin (1976, 1977); Yu.

Balitsky, L. Lipatov, Sov. J. NP 28 (1978) 822.

e CCFM: M. Ciafalom (1988); S. Catani, I'. I'oram, G.
Marchesini (1990): G. Marchesini. NP B445 (1995) 49,

u.p.d. are related to the conventional DGLAP densities once
the &, dependence is integrated oul.

For example, the uw.g.d. reduce to the conventional gluon
density by

;
[F, (s 52 JE? 256(x,0%),
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3) LO+NLO calculations for heavy quark production have
some problems:

e mH>D*X epoe'D*X:
all pQCD calculations underestimate total cross section at
intermediate p, (D*) and forward n(D¥).

® pﬁ-—%b.’; X:
all pQCD calculations underestimate total cross section
also.

o o JVWX, ppoYN, ppoy X
the very large disperanse (by more than an order of
magnitude) between the pQCD predictions (with CSM)
and existing experimental data at TEVATRON.

e To reproduce the heavy quark transverse momentum
spectra: one usually introduces the promordial & of initial

partons; the size ol this k. cannot be predicted within
model itself and is required to be &, ~1-2 GeV (instead
k. of the order Ay, ~300 MeV) to fit the data.

=  We need the k,-factorization approach (SHA),
| L Griboy, E levin M. Lyskin, Fé;{ Ie,ynfs
cHOD (7983) 7
LRSS Sev. T. /P 53 f988)ecz

T letlins R LWz, N.p 8360 /99))3
S. Catori, M. Cinpolony, F-Hgat mann,
NP B34 (1999) 135

ani



We used so called k:factorization
S. Catani, M.Cuafaloni, F. Havtmann, NP., B366 (1991) 135; J. Collins, R.
Ellis, NP, B360 (1991) 3.

or semihard QCD approach
E. Levin, M. Ryskin, Yu. Shabelsky. A. Shuvaev, Sov. 1. NP., 33 (1991) 657,
L., Gribov, k. Levin, M. Ryskin, PR, C100 (1983) 1,

©

We have used semihard QCD approach (SHA) earlier to describe
experimental data on:

V' heavy quark photoproduction 3 — Q0 X
V.A. Salecv, N.P, Zotov, MPL., A1l (1996) 25: A.V. Lipatov, V.A. Sakev,
N.P. Zotov, MPL.., A15 (20061 1727,

v iy photoproduction 3 — J/¥ X
V.A. Saleev, N.P. Zotov. MPL.., A9 (1994) 151; AV, Lipatov, N.I. Zotov,
MPL.., A15 (2000) 695,

v p* electroproduction ep = ¢'D* X
S.P. Baranov, N.P. Zotov, PL., B458 (1999) 389); S.P. Baranov, N.P. Zotov,
PL.. B491 (2000) 111.

v charm contribution to the proton structure function £y (x.Q%), ﬁ" £
A V. Kotikov, AV, Lipatov, 5. Parente, N.P. Zotov, hep-ph/0107135. i

v ﬁgﬂp&(cﬁ‘m 'in ’pjﬁ‘-rAZ'X at TEVATRON
AV lipatoy v.A.-Saleev, NP 2oty hep-phlerizeny
v ¥ produeclion ix DIS with CSM and COM.

i’z; mx = IM/M»M

0.2,



2. Unintegrated gluon distributions.

We have used three different x'epresenla1lin1r1 of the k&,
dependent (unintegrated) g.d. A(x.k?.x*). Onc (JB) coming
from a leading-order perturbative solution of the BFKL
equation.

JB: 1. Blumlein, DESY 95-121,

The second set (JS) derived from a numerical solution of the

CCFM equation.

JS: H. Jung, hep-ph/9908497,

H. Jung, G. Salam, Eur. Phys. J. C19 (2001) 351,

hep-ph/0012143,

The third (KMR) derived from solution ol a combination ol the
BFKL and DGLAP equations.

KMR: M. Kimber, A. Martin, M. Ryskin,

PR D63 (2001) 114027,

e JB: The unintegrated gluon density A(x, &7, 4*) is calculated
as a convolution of the ordinary gluon density xG(x,*) (here
we used GRYV set) with universal weight [actors:

|
A(I-ELMIF @5(?:&;31#) [;ﬂl)d??

f JH[ZJES m(m;)mw,u%;—)), K2 <

gl 2, p?)=4"
a}? IH[ZJH In(1/7)In (ﬁ:zf’p?’]}, kP>t

B3

where @, =3a,/r. A=j-1=4In2~053 in LO and
A=a4In2-Ne&? in NLO. In our calculations presented here we
use the solution of the LO BFKL equation and treat A as free
parameter varying between 0.166 <A <0.53 with a central value of
A=0.35.



U.g.d. A(x.k;.u*) is the first ingredient of SHA.

Second ingredient of SHA is off mass shell m.e. for QCD
boson-gluon fusion subprocess y*g* 500, Q=c.b with the
modification of the gluon spin density matrix in BFKL form:

kiky

Bt _ BTOT

G" =¢g,¢, ="
-

for photon polarization matrix in DIS we used

, m | . e
L' =gle, =4na ?—?(Sg:j p! —4(p¢q)g‘ ]
(q°)

So in SHA the hard Q0 -electroproducion cross section 1s a
convolution of the partonic boson-gluon fusion e.s. with &,
dependent (unintegrated) gluon density

o= [dk? e Alw K2 )6l K77 * g%~ 0D)

with the off-shell m.e. cither given by

e CE-CCH: J. Collins. R. Ellis. NP B360 (1991) 3; S. Catani,
M. Ciafaloni, . Ilautmann, NP B366 (1994) 135.

e SZ: V. Saleev. N. Zotov, MPL A11 (1996) 25,

e BZ: S. Baranov. N. Zotov, PL B458 (1999) 389, PL. B491
(2000) 111, where the method of orthogonal amplidutes was
applied R. Prange, PR 110 (1958) 240.

Since it is difficult to compare the different m.e. with each
other analytically we have performed several numerical checks.

The results of CE-CCH and SZ agree prefectly. A systematic
diference of the order of 10% to the calculation of BZ is
observed. It is effect of the “small x approximation”™ (Sudakov
decomposition) at HERA energy.



e JS: The CCFM ecvolution equations have been solved
numerically using a Monte-Carlo method.

According to the CCFM evolution equations, the emission of
partons during the initial cascade is only allowed in an
angular-ordered region of phase space. The maximum
allowed angle £ for any gluon emission sets the scale u for
the evolution and is defined by the hard scattering quark box,
which connects the exchanged gluon to the virtual photon.
The free parameters of the starting gluon distribution were
fitted to the function F,(x.Q°) in the range x<107 and
Q' >5Gev?, resulting in the JS unintegrated gluon distribution
xA[x,jrjf,,ul] A

e KMR: In KMR the dependence of the unintegrated gluon
distribution on the two scales k, and g was investigated: the
scale u plays a dual role, it acts as the factorization scale and
also controls the angular ordering of the partons emitted in
the evolution.

This result in a form similar to the differential form of the
CCFM cquation, however the splitting function P(z) is taken
from the single scale evolution of the unified DGLAP-BFKL
expression. The unintegrated gluon density xdA(xk;,4")
covering the whole range in &;:

|
el B2, 12)=] *7

fz—f(x,kﬁ,gz)‘if k2 sk2,
'3

xGlx, k2, ) if k2 <k,

with xG(x,k%,) being the integrated MRST gluon density
function and f(x.k;, %) being the unintegrated gluon density
starting from &, >k, =1GeV. The unintegrated gluon density
xA(x,k}, i*) therefore is normalized to the MRST function
when integrated up to &7,.



3 Kesults

4.1 Transverse momentum distribution of D' mesons: comparison
of parton and hadron level

One observable which is expected to show only litlle sensitivity to the hadronization and to
the full simulation of the initial and final state QCD ¢ascades js the transverse momentuiy
pe of the D* meson in photo-production and deep inelastic scattering. In J 3 we show Lhe
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Figure 3: The differentia’ cross section da/dp, for D* production: (a) in photo »roduction
(ZEUS [44]), (b) in DIS  ZEUS [45]) and (¢) in DIS (H1 [§6]). The solid line is the prediction
from the full hadron leve! simulation CASCADE and the dashed line shows the parton level
calculation. In both cases the Peterson fragmentation function has been used.

transverse momentum distribution of D* mesons as measured by the ZEUS [44,45] and H1 [46]
collaborations both in pheto-production and deep-inelastic scattering. The data are compared
to the predictions of the CascApE Monte Carlo event generator on hadron level including a
full simulation of the partonic and hadronic final state. Also shown is the pure parion level
calculation using the matrix element of BZ. In bolh cases the transition from the charn quark
to the observed D" meson was performed by a simple Peterson fragmentation function (with
€ = 0.06 and a ¢ — [ branching ratio BR = 0.26). The scale [i* in a,(#?) wae set to
fi* = p{ + m? with p, being the transverse momentum in the g ems of the final charn qualk
state assuming m. = 1.5 GeV. 'The J§ unintegrated gluon distribution [23] was used, with the
scale p related to the maximum angle ;* ~ z,z,s. The sensitivity to the details of the ¢harm
fragmentation and to the full initial state gluon cascade simulation can be seen by comparing
CASCADE with the parton level calculation. We observe, that the e distribution of D" mesons
both in photo-production and deep inelastic scallering is in general well deseribed, both with
the full hadron level simulation as implemented in CASCADE and also with the parton level
calculation supplemented with the Peterson fragmentation function. We can thus conclude,
V that the py distribution is only little sensitive to the details of the chiarm [ragmentation,

8



Tn I'ig. 2 we show a comparison of the gluon density distributions at 7* = 100 GeV? obtainged
from JB, JS5 and KMR as a function of = for different values of &7 and as a function of k2 for
different values of 2,

XA(%, K1)
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Figure 2: The k, dependen! (unintegraled) gluon density at p* = 100 Gel? as a function of
Jor different values of kf (upper part) and as a function of k? for different values of @ (lower
part) as given by JS [22,25] (solid line) , JB [87] (dashed line) and KMR [38,42] (dotted lins).

From Fig. 2 we see that all three unintegrated gluon distributions show a significantly
different behavior as a function of & but even more as a function of k,. Tt will be Interestina &

see, how this different behavior is reflected in the prediction of eross sections for exnerimerlhﬂy

observable quantities as charm production at HERA.

i



It is also interesting to consider the limit k, — 0 of the matrix elements. To do that we
define o reduced cross section 4.

alky) = [:ﬂ_.lpa IME]? (5)

vhere we integrate over the Lorentz-invariant-phase-space (Lips) of the final state quarks. The
matiix element |ME|? is taken from CE-CCH, where we have set I{i?r”ﬂma,ﬁg = 1. In Fig. |
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Tigure 1 The reduced cross seclion @(ky) as @ function of the transverse momentum K of the
“weoming gluon for different values of the transverse momentum of the incoming photon ke,
(m = 1.5 GeV in (), m =5 GeV in (b), /s = 30000 GeV and a fired x., = x4 = 0.01).

we show @(k,) as a function of the transverse momentum of the incoming gluon &y for quark
misses of = 1.5 GeV in Fig. 1a and for m = 5 GeV in Fig. 1b using /3 = 30000 GeV and
u tixed g = x; — 0.01. In both cases a smooth behavior for k& — 0 is observed. Tt is also

interesting to note Lhat jn all cases the cross section starts bo decregge at ki Z 4m?. The region
4



3.2 Transverse momentum distribution of D* mesons: sensitivity to
unintegrated gluon distributions
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Figure 4: 'I‘m:_ differential cross section do /dp, for D* production: (a) in photo-production
(ZEUS [44]), (b) in DIS (ZEUS [45]) and (c) in DIS (H1 [46]). The solid (dashed. dotted)

line corresponds to using the JS (JB, KMR) unintegrated ghion den sity (all ealeulated at
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