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CHARM PRODUCTION AND F 
2 AT HERA�Olaf BehnkePhysikalis
hes Institut, Universität HeidelbergPhilosophenweg 12, 69120 Heidelberg, Germany(Re
eived August 6, 2002)H1 and ZEUS results on open 
harm produ
tion in deep inelasti
 eps
attering at HERA are reviewed. The 
orresponding results for the protonstru
ture fun
tion F 
2 (x;Q2) are dis
ussed.PACS numbers: 13.60.Hb, 14.65.Dw1. Introdu
tionOpen 
harm in deep inelasti
 ep 
ollisions at HERA is mainly produ
edvia the Boson Gluon Fusion (BGF) pro
ess shown in Fig. 1.� 
�


Fig. 1. Charm produ
tion from boson gluon fusion.The study of su
h pro
esses is of multifold interest:� Measuring 
harm produ
tion in BGF gives dire
t a

ess to the gluondistribution in the proton.� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(2983)



2984 O. Behnke� Charm produ
tion 
ross-se
tions are large and 
ontribute in 
ertainkinemati
al regions up to � 30% to the total event rate. Hen
e a pre-
ise knowledge is mandatory for the understanding of in
lusive protonstru
ture data.� Charm produ
tion in DIS is an ex
ellent testing ground for pQCD. Inthe kinemati
 region Q2 � m2
 it is expe
ted that NLO (O(�2s ) ) QCD
al
ulations in the so-
alled massive s
heme give reliable results. Inthis s
heme u, d and s are the only a
tive quark �avors in the protonand heavy quarks are dynami
ally produ
ed via BGF. However, atlarger virtualites a better des
ription is expe
ted from the so-
alledmassless s
heme, in whi
h the heavy quarks are treated as sea quarksin the proton.� Charm produ
tion is also important to look for deviations from theDGLAP QCD evolution s
heme, whi
h is used to relate the protongluon densities at di�erent Q2 s
ales. The CCFM evolution s
hemepredi
ts di�erent kinemati
s for the gluon entering the BGF pro
ess.This 
an be tested with the LO CASCADE MC [2℄, 
ontaining theCCFM evolution.Open 
harm produ
tion in DIS is measured by re
onstru
ting D�mesonde
ays or identifying ele
trons from 
harm de
ays. Table I summarizes thepresented data sets (published in [3, 4, 6℄). TABLE IPresented data setsCollab. ZEUS H1 ZEUSChannel D� ! K2�(K4�) D� ! K2� 
! exData 1996�1997 1997 1996�1997Lumi L 37 pb�1 18 pb�1 34 pb�1Kinemati
 1 < Q2 < 600 GeV2 1 < Q2 < 100 GeV2 1 < Q2 < 1000 GeV2
uts 0:02 < y < 0:7 0:05 < y < 0:7 0:03 < y < 0:7Sele
tion pT(D�) > 1:5(2:5) GeV pT(D�) > 1:5 GeV 1:2 < pe < 5 GeV
uts j�(D�)j < 1:5 j�(D�)j < 1:5 j�ej < 1:12. ResultsFig. 2 shows the measured ZEUS [4℄ and H1 [3℄ di�erential 
ross-se
tionsof events with identi�ed D�mesons in the visible kinemati
al ranges as de-�ned in Table I. The data are 
ompared to massive s
heme NLO 
al
ulations
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-1 0 1Fig. 2. ZEUS (top) and H1 (bottom) di�erential 
ross-se
tion measurements ofevents with identi�ed D�mesons. The measured D�+ ! K2� (D�+ ! K4�)results are shown as bla
k dots (open triangles) with error bars. For the ZEUSresults the bla
k 
urves (shaded band) represent the predi
tion and errorband ofHVQDIS with using Peterson (Lund) 
! D� fragmentation.using the program HVQDIS [5℄ with input parameters listed in Table II.Upper and lower 
urves or error bands shown in Fig. 2 indi
ate the NLO
al
ulation un
ertainties as obtained from variations of the 
harm mass,renormalisation and fa
torisation s
ales �r, �f , strong 
oupling 
onstant �sand Peterson fragmentation parameters (see Table II).



2986 O. Behnke TABLE IIDetails of the NLO 
al
ulations.Collaboration ZEUS H1Programs �HVQDIS� (Harris & Smith)PDFs ZEUS F2 NLO Fit GRV98-HOCharm mass 1:3 < m
 < 1:5 GeVS
ales �r = �f = kpQ2 + 4m2
; 0:5 < k < 2Fragmentation k "
 = 0:035 0:035 < "
 < 0:1Fragmentation ? � pt exp(��pt)f(
! D�) 0.222 (OPAL) 0.233 (ALEPH)The distributions of the event kinemati
 quantities Q2, Bjorken x and 
pinvariant mass W are well des
ribed by the NLO 
al
ulation both in shapeand normalisation. While the pT(D�) distributions are also well predi
ted,both ZEUS and H1 observe more D�mesons in the forward region (posi-tive �(D�)) 
ompared to the HVQDIS 
al
ulations. It is important to notethat H1 and ZEUS use di�erent ingredients in their HVQDIS 
al
ulations.The main di�eren
es are the gluon densities in the proton and the 
! D�fragmentation, where H1 allows the D�mesons to obtain a transversal mo-mentum with respe
t to the 
harm quark dire
tion, whi
h is negle
ted byZEUS. If the NLO 
al
ulation of ZEUS is reweighted with the LUND stringfragmention, shown as shaded band in Fig. 2, a better des
ription of the�(D�) spe
trum is obtained. Fig. 2 shows also the 
omparison of the H1D�meson data with the CASCADE MC [2℄. This model predi
ts moreD�mesons to be produ
ed in the forward rapidity region whi
h is in goodagreement with the data.In the following the measurements of the 
harm 
ontribution to the to-tal DIS 
ross-se
tions are dis
ussed. Negle
ting small 
ontributions fromthe stru
ture fun
tions F3 and FL, the in
lusive DIS 
ross-se
tion 
an bewritten as d2�epdQ2dx = 2��2Q4x t �1 + (1� y)2� F2 �x;Q2� :The stru
ture fun
tion F 
2 is de�ned as the part of F2 asso
iated to eventswith 
harm produ
tion, i.e. where on the left side of the above equation �ep isrepla
ed by �ep!
�
 an on the right side F2 by F 
2 . Note that this is a generi
de�nition, independent of the produ
tion me
hanism details. To determineF 
2 both H1 and ZEUS use the HVQDIS program [5℄ to extrapolate themeasured D� meson and ele
tron 
ross-se
tions from the visible ranges as
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2 at HERA 2987listed in the last row of table 1 to the full kinemati
 range. The extrapolationfa
tors are large, typi
ally varying from 1.5 to 10, depending strongly on Q2and on the analysed 
hannel. Note that this introdu
es a large systemati
model un
ertainty. If one uses for the extrapolation the CASCADE MCinstead of HVQDIS, results for F 
2 are obtained whi
h di�er up to 20%.Fig. 3 shows the F 
2 results [3,4,6℄ in bins of Q2 as fun
tion of Bjorken x.The measurements of H1 and ZEUS agree well with ea
h other and also withthe HVQDIS NLO 
al
ulation. A strong rise of F 
2 towards higher Q2 andsmall x is observed, whi
h re�e
ts the kinemati
al behaviour of the protongluon density. The ratio F 
2 /F2, whi
h is a measure for the 
ontributionof 
harm to the total ep 
ross-se
tion, approa
hes at the smallest x andhighest Q2 a

essible regions values of � 0.3. This shows that BGF isin this kinemati
 domain the dominant ep s
attering pro
ess and that the�quark demo
rati
� limit of 4/11 is almost rea
hed. In this limit u, d, s, 
and b quarks are expe
ted to 
ontribute to BGF with weights proportionalto their ele
tri
 
harge squared.
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Fig. 3. F 
2 measurement results and 
omparisons with NLO QCD.



2988 O. Behnke3. Con
lusionsWe have presented measurements of open 
harm produ
tion in deep in-elasti
 ep s
attering at HERA. The measured 
ross-se
tion are generallyin good agreement with the predi
tions from massive s
heme NLO 
al
ul
a-tions. Dis
repan
ies are observed in the D�meson rapidity shapes, whi
h aresensitive to the 
harm quark fragmentation. The stru
ture fun
tion F 
2 risesstrongly towards small x and high Q2, where the proton gluon densities arelarge and 
harm produ
tion from BGF 
ontributes up to about 30% to thetotal ep s
attering 
ross-se
tion.REFERENCES[1℄ J. Amundson et al., hep-ph/0005221.[2℄ http://www.quark.lu.se/�hannes/
as
ade/.[3℄ C. Adlo�, [H1 Collaboration℄ et al., Phys. Lett. B528, 199 (2002).[4℄ J. Breitweg, [ZEUS Collaboration℄ et al., Eur. Phys. J. C12, 35 2000.[5℄ B.W. Harris, J. Smith, Phys. Rev. D57, 2806 (1998).[6℄ XXXth ICHEP, July 27�August 2, 2000, Osaka, Japan, abstra
t 853.


