
Pro
eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaUNINTEGRATED GLUON DENSITIES IN THE LDC MODELLEIF L�ONNBLADDepartment of Theoreti
al Physi
s, Lund UniversityS�olvegatan 14A, S-223 62 Lund, SwedenE-mail: leif.lonnblad�thep.lu.seI des
ribe brie
y the Linked Dipole Chain reformulation of the CCFM formalismand how to obtain unintegrated gluon densities within this model. I show someresults where these densities are used to des
ribe heavy quark produ
tion at theTevatron and to predi
t the produ
tion of 
entral ex
lusive Higgs at the LHC.The results turn out to be very sensitive to the treatment of non-leading terms, inparti
ular the non-singular terms in the gluon splitting fun
tion.1 Unintegrated gluon densities and the Linked Dipole Chain modelCollinear fa
torization has turned out to be an invaluable tool for 
al
ulating pre-di
tions from QCD. Espe
ially for in
lusive quantities the 
onvolution of on-shellmatrix elements (MEs) with parton densities evolved using DGLAP [1{4℄ has beenvery su

essful. However, for pro
esses involving small-x and observables involv-ing ex
lusive properties of the hadroni
 �nal state, the 
ollinear fa
torization isexpe
ted to break down. For su
h 
al
ulations one expe
ts k?-fa
torization [5, 6℄,where o�-shell MEs are 
onvoluted with k?-unintegrated parton densities (uPDFs)to be a better approximation. The uPDFs are then evolved using BFKL [7{9℄ (suit-able for the asymptoti
 x! 0 limit) or with CCFM [10{13℄ (whi
h gives a smoothtransition to DGLAP at larger x). k?-fa
torization 
al
ulations are, however, notyet at the same level of sophisti
ation as 
ollinear ones. No 
omplete NLO 
al
u-lation is available and the number of di�erent parameterizations of uPDFs is farfrom the large 
ora of PDFs available for the 
ollinear 
ase.In this report I will present some 
al
ulations done using k?-fa
torization withuPDFs evolved a

ording to the Linked Dipole Chain (LDC) [14, 15℄ model. LDCis a reformulation and generalization of the CCFM model, and agrees with CCFMto leading double logarithmi
 a

ura
y. The main di�eren
e is that LDC uses animproved separation between initial- and �nal-state emissions, making the evolutionforward{ba
kward symmetri
 and 
an
els the notorious non-Sudakov form fa
torin CCFM. It also allows for straight-forward in
lusions of non-singular terms in thegluon splitting fun
tion as well as quark-propagators in the evolution.In the following I will �rst des
ribe brie
y how the LDC uPDFs are obtainedand then some results where they are used to 
al
ulate heavy quark produ
tion atthe Tevatron and ex
lusive Higgs produ
tion at the LHC.LDC is implemented in the LDCMC [16℄ event generator whi
h allows for gen-eration of 
omplete lepton{hadron DIS events. The program does not expli
itlyuse uPDFs 
onvoluted with o�-shell MEs. Instead, as also quark propagators areallowed, the whole ladder in
luding the top quark-box in the typi
al DIS diagram
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Figure 1. (a)The predi
tion for the B meson pT spe
trum for jyB j < 1 at ps = 1800 GeV
ompared to the CDF data. The solid line is gluoni
, dashed is leading and dotted line is standardversions. Experimental data are from CDF [23℄. (b) The basi
 diagram for ex
lusive produ
tionof the Higgs. (
) The predi
tion for the luminosity fun
tion, eq. 2 using di�erent uPDFs. Thelines are the same as in (a), in addition is shown the result from KMR [24℄.is generated a

ording LDC evolution. This means that F2 
an be �tted dire
tlyby parameterizing the non-perturbative input parton densities. The resulting �tsa quite satisfa
tory and for details I refer the reader to ref. [17℄.Sin
e the uPDFs are not used expli
itly they are instead measured [17℄ bygenerating a large number of DIS events with LDCMC, and in the following we willuse three di�erent parameterizations 
orresponding to di�erent 
hoi
es of treatingnon-leading terms in the evolution:� standard uses full splitting fun
tions and quark propagators in the evolution.� gluoni
 has only gluon propagators (ex
ept for the top quark box), but usesthe full g!gg splitting fun
tion.� leading also only uses gluon propagators but in the splitting fun
tion only thesingular, 1=z and 1=(1� z) terms are in
luded.The reason for these 
hoi
es is that while the standard 
hoi
e gives a very good�t to F2, it is not able to des
ribe the rate of forward jets measured at HERA {a measurement whi
h is probably the most sensitive to the a
tual k?-evolution ofpartons in the proton. On the other hand gluoni
 and leading gives a poorer �t toF2, espe
ially for large x but gluoni
 results in an integrated gluon density whi
his very similar to the standard DGLAP parameterizations, and leading is the only
hoi
e whi
h is able to reprodu
e forward jets at HERA.The fa
t that forward jet rates 
an only be reprodu
ed if non-singular termsare ex
luded from the splitting fun
tion is not parti
ular to LDC, but is 
onsistentwith other CCFM 
al
ulations. See refs. [18, 19℄ for detailed dis
ussions.2 Heavy quarks at the TevatronUntil re
ently the failure of NLO 
al
ulations to reprodu
e the B-meson p?spe
trummeasured at The Tevatron [20℄ was taken as an indi
ation of the breakdown of
ollinear fa
torization, espe
ially sin
e the same spe
trum was well des
ribed byk?-fa
torization [21℄. Although the dis
repan
y with 
ollinear NLO 
al
ulationshas sin
e been 
ured [22℄, it is interesting to see if the k?-fa
torization results 
anbe 
on�rmed with the LDC uPDFs.



Unintegrated gluon densities in the LDC model 3In [25℄ results were presented for heavy quark produ
tion at the Tevatron usingthe LDC uPDFs. Both bottom and 
harmmeson produ
tion as well as � produ
tionfrom b-de
ays was investigated. Here I will only present the B-meson results sin
ethe other results give rise to very similar 
on
lusions.The p?-spe
tra in �gure 1a were 
al
ulated using the o�-shell MEs obtainedin [26{28℄ 
onvoluted with the di�erent LDC uPDFs and a standard Peterson frag-mentation fun
tion with � = 0:006. Clearly the standard uPDF is far below thedata while leading �ts fairly well and gluoni
 is only slightly below. Probably alsostandard 
ould be made to 
ome 
loser to the data by adjusting the b-quark massand/or the fragmentation fun
tion, but still the 
on
lusion is that the treatment ofnon-leading terms in
uen
es very mu
h the results.3 Central ex
lusive Higgs produ
tionThe possibility to study ex
lusively produ
ed Higgs at the LHC has re
ently sparkeda lot of interest (see eg. [24℄ and referen
es therein). The idea is to use the pro
esspp!p+H+p (where the + symbolizes a large rapidity gap) to get an extremely
lean Higgs signal. To 
al
ulate the 
ross se
tion one uses the diagram in �gure1b, where the 
olour ex
hange in a standard gg!H produ
tion is neutralized by anadditional gluon ex
hange with some �nite k?. The resulting formula is fa
torizedinto a luminosity fun
tion and the basi
 gg!H matrix element and looks like� = Z �̂gg!H (M2) Æ2LÆyÆ lnM2 ; dyd lnM2 (1)where the luminosity fun
tionÆ2LÆyÆ lnM2 = S2 " �(N2
 � 1)b Z M24 dk2?k4? fg(x1; x01; k2?; M24 )fg(x2; x02; k2?; M24 )#2(2)takes into a

ount the suppression of additional radiation whi
h would destroy thegaps, see [24℄ for details. The main ingredient is the o�-diagonal unintegrated gluondensities (oduPDF) fg(x; x0; k2?; �2) representing the amplitude 
orresponding tothe probability to �nd a gluon with some k?and some x when probed with a s
ale�2 together with an additional gluon with x0 and k?. These 
an be approximated,in the limit x0 � x, using the KMR [29℄ pres
ription for obtaining uPDFs from theintegrated ones, xg(x; �2) by:fg(x; x0; k2?; �2) � dd ln k2? �Rgxg(x; k2?)qT (k2?; �2)� ; (3)where T is the Sudakov form fa
tor giving the probability of no extra emissionsabove k?, and Rg is obtained from the behavior of xg at small x [30℄.In [31℄ it was shown how the LDC densities 
ould be used to approximate theoduPDFs using the fa
t that they fa
torize into a one s
ale density and a Sudakovform fa
tor, ie. G(x; k2?; �2) � G(x; k2?)��S(k2?; �2), givingfLDCg (x; x0; k2?; �2) � RgG(x; k2?)q�S(k2?; �2): (4)



4 Leif L�onnbladUsing the parameterizations for the LDC uPDFs presented above the luminosityfun
tions shown in �gure 1
 was obtained. It is 
lear that the result again is verysensitive to treatment of non-leading terms. The behavior 
omes from the fa
tthat the luminosity fun
tion is proportional to the forth power of k?distributionof gluons and most of the 
ontribution 
omes from k?'s around 2 � 3 GeV. Andwhile the distribution in the standard and gluoni
 versions as well as the KMRparameterization peaks at fairly low k?, the leading peaks at larger k?, a behaviorwhi
h may be supported by the large rate of forward jets at HERA.In 
on
lusion the ex
lusive Higgs remains a very interesting produ
tion me
ha-nism for LHC, but it is important to have a better 
ontrol of the uPDFs before we
an make reliable estimates of the 
ross se
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