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1. Introduction

The production of charm in deep inelastic scattering (DIS) provides aresiieg testing
ground for perturbative QCD in the presence of multiple hard scalel,asuthe squared four mo-
mentum exchang&?, and the heavy-quark mass,. Moreover, charm production provides a tool
to access the gluon parton density function (PDF) in the proton since itQycatuleading order,
through the boson-gluon fusion procegg — cc. Several measurements of charm production in
DIS have been published by the H1 and ZEUS collaborations. These ressnis were com-
bined to produce a preliminary common HERA measurement of the charmetusdrfienction
F5€(x,Q?) defined as the component of the proton structure fundfigr, Q%) with a cC pair in
the final state[[1]. The combined data are presented and compared tetiteqoredictions in
Section[P; their impact on a PDF fit to HERA DIS data is discussed in S¢tion 3.

2. Combination of charm DIS data

Different measurements of charm production in DIS, based on diffenethods to identify
charm production, were included in the combination: reconstrugteesons such &3** [B], D*
andDP [B]; muons from semileptonic decayf [4]; and inclusive lifetime tag measurentased
on the analysis of tracks with large impact paraméiet [Hach measurement is sensitive to charm
production in a different kinematic range and has different sourcegsdématic uncertainties.

The cross sections fdd mesons and muons, measured in experimentally-accesgiatel
pr ranges, were extrapolated to the full phase space using Wgls [[]] program to extract
cmc_(x, Q?). The combination method is similar to that described[jn [8]: a minimgfranalysis
was performed to find the best set of tiBg(x, Q?) values to fit the measurements. A total of
146 measurements were combined intoFéjB_(x, Q?) points, taking into account 54 correlated
systematic parameters. The fit gay&/ndf = 81/110, showing the good agreement among the
different data sets. The correlated systematics include experimentalaintes for sets of similar
measurements and common theoretical uncertainties related to the modelrubecidrapolation
of visible cross sections to the full phase space.

Figure[] shows the individual measurements used as input to the combinaditinearesults
of the combination. The combined measurement reaches a precision &6 if11be range 6 <
Q? <60 GeV2.

The combined data are compared to theoretical predictions based on +hexthitog order
(NLO) or next-to-NLO (NNLO) calculations in Figuf¢ 2. Different pretibms used different PDF
sets, different values of the charm mass, and different schemesefdretiitment of the heavy
quarks. In particular, the predictions labeled ABKM FFNE [9] and GJR@B are obtained in
the fixed-flavour-number scheme (FFNS) in which charm is never treetesd massless parton
but is only produced in the hard scattering. The other predictions in the@ae!| of Fig.[R ,
MSTWO08 [11], CTEQ 6.6[[12] and ABKM BMSN[]13], are calculated usiggneralised mass
variable-flavour-number schemes (GMVFNS) that correspond to tiNSFIBr Q> < mZ while
treat charm as a massless parton at lapge The precision of the combined data is sufficient
to discriminate among different models.

1The H1 lifetime tag data included in preliminary form in the combination have peélished recentlﬂG].
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Figure 1. Individual H1 and ZEUSFZC"_measurements compared to the results of the combinatited(fil
circles). The inner (outer) error bars show the uncorrdlétiatal) uncertainties.

o H1 and ZEUS o H1 and ZEUS
oN [o2} oN [}
[N L Q*=26GeV? | Q*=4GeV? | Q%= 6.5GeV? § [N L Q*=2GeV? | Q*=4GeV? | Q%= 6.5GeV? §
0.2 — — — 9] 02— = — T
- ' : S ; 5 ' S
5} i)
= I < I ° e LS I °
o bl ™l ool vl o cod ool ool ol 1 0 bl vl cobvnd cenl ool ool ol ol 4
2 2_ 2 2_ 2| S 2_ 2 2_ 2 2_ 2| S
05 Q*=12GeV* | Q*=20GeV? | Q*=35Gev? | 3 05 Q*=12GeV? | Q*=20GeV? | Q*=35GeV” | 3
L L R L 5 L L L 9]
o o
S + g £ r g + £
< <
F 3 - 5 r 3 - ¢ " s
0 proul ol vl vl vl vl Sl il il 3 0 ol vl vl vl vl vl ol il el 1T 3
05 - . Q’=60GeV’ | Q?=120GeV?| Q*=200GeV?| & 05 - Q*=60GeV? | Q*=120GeV?|__ Q*=200GeV?| &
N NS K w N w
r - \ F > r F - >
L L L g L L L H
Q @
L | | I L i i i 3 T
< <
| L L o . L - o
w w
0 frowd o FETTIT RTTIY M, IRNRTTY RAARTHI MAIRETTIT BTSN UTTTT EAWETHT EWETITT M b= o T ol vl O vl vl el ol ol ol ool 0l T
05 I Q*=400Gev?|_ Q*=1000GeV? ® HERA (prel.) 05 L Q?=400GeV?|_ Q=10006ev] 10 107 10
| | —  MSTWO08 NNLO | i X
rrrrr MSTW08 NLO ® HERA (prel.)
o + CTEQ 6.6 r g
L L —— GJR08 L L
e SN \ E= HERAPDF1.0
Lovwad vl vl N vl v vl Y ABKMEFNS NLO PRI F R
ol ol vl ol ol ol vl o ol ol ol
0 ” 3 5 - = 5 ABKM FFNS NNLO 0 » = ) » = )
10 10 10 10 10 10 X 10 10 10 10 10 10 X

Figure 2: Combineszcecompared to recent QCD predictions: (left) from the globalafialyses of
ABKM [§] £3], MSTW [1], CTEQ [12], GIR[10]; and (right) a NL@alculation based on the HERA-
PDF1.0 fit to HERA data[[S]. The band in the right panel repnéséhe variation of B5 < m; < 1.65 GeV
while the red line corresponds b, = 1.4 GeV.
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Figure 3: The results of the PDF fit to inclusive HERA | alh'gfdata (HERAPDFl.OI-T-fE) compared to:
(left) the combinedr5°data and (right) the PDFs from the fit to inclusive HERA | dateyd HERAPDF1.0)
evaluated aQ? = 10 Ge\2. The results are presented for two different charm masses.

In the right panel of Fig.]2 the data are compared with a prediction basié t#ERAPDF1.0
PDF set [B], obtained from a fit to inclusive HERA | data. The NLO caltatawas performed in
the Thorne-Roberts variant of the GMVFNS, similar to that used ih [11k Bénd corresponds
to a variation of the charm mass from 1.35 to 1.6 GeV inFfecalculation and in the PDF fit.
The agreement between the charm data, which are directly sensitive ttutve RDF, and the
calculation based on the gluon PDF obtained from scaling violation in incli3i$eis a nice
consistency check of our understanding of the proton content.

3. QCD fit including charm data

The HERAPDF1.0 NLO fit to inclusive DIS data was extended by includingctivabined
F5€ measurement. Only inclusive afg°data withQ? > 3.5 Ge\V? were included in the fit. Two
different charm masses were used4 and 165 GeV. The totaj? for 633 data points waga, =
7307 for mg = 1.4 GeV andx?, = 627.5 for m. = 1.65 GeV, showing the consistency between
charm and inclusive data when using the higher charm mass. The ctiptrituthe totaly? from
the 41FSCpoints wasyZ,,m= 1345 andx3,,m= 435 for m; = 1.4 GeV andm, = 1.65 GeV
respectively. The fits are compared to FF{é_ data in Fig[B(left).

The impact of therCEdata on the PDFs extracted from the fit is shown in fig. 3 (right). For
m. = 1.65 GeV, the gluon PDF increases with respect to the HERAPDF1.0 resultestidlining
within the uncertainties of the original PDF set. The effect on the quarlsPiegligible. The fit
was repeated using different theoretical schemes for the treatmenttudkig quark masses. The
variation of the heavy quark scheme and of the charm mass introducdficsignvariations in the
fit result. A more detailed study of this aspect was presented after thisreoice [I}].
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4. Conclusions

Different measurements of charm production in DIS were combined intelaynary HERA
measurement of the charmed structure funcﬁ@ﬁ A precision of 7-10% is reached for.6 <
Q? < 60 Ge\?, which is sufficient to distinguish between different theoretical predistichhe
combinedrS°and inclusive DIS measurements were used as input to the HERAE. 0.0 PDF
fit. A good x? was obtained usingy = 1.65 GeV, demonstrating the consistency of charm and
inclusive measurements within the NLO QCD framework.

References

[1] [H1 and ZEUS Collaborations] H1prelim-09-171, ZEUS:p09-015,
https://ww. desy. de/ hlzeus/ conmbi ned_resul t s/i ndex. php?do=heavy_fl avours

[2] S. Chekanowet al. [ZEUS Collaboration], Eur. Phys. J. 12 (2000) 35; S. Chekanost al. [ZEUS
Collaboration], Phys. Rev. B9 (2004) 012004; A. Aktast al. [H1 Collaboration], Eur. Phys. J.
C51(2007) 271; [H1 Collaboration] H1prelim-08-072 presena¢dCHEP 2008, [H1 Collaboration]
H1prelim-08-074, presented at DIS 2008

[3] S. Chekanowt al. [ZEUS Collaboration], Eur. Phys. J. €3 (2009) 171
[4] S. Chekanowt al. [ZEUS Collaboration], Eur. Phys. J65 (2010) 65

[5] A. Aktaset al. [H1 Collaboration], Eur. Phys. J.4D (2005) 349; A. Aktast al. [H1 Collaboration],
Eur. Phys. J. @5 (2006) 23; [H1 Collaboration] H1prelim-08-173, presenadCHEP 2008

[6] F.D. Aaronet al. [H1 Collaboration] Eur. Phys. J.65 (2010) 89
[7] B.W. Harris and J. Smith, Phys. Rev. D57 (1998) 2806
[8] F.D. Aaronet al. [H1 and ZEUS Collab.], JHEPO1 (2010) 109
[9] S. Alekhin, J. Blumlein, S. Klein, S. Moch, Phys.Rev.D814032,2010
[10] M. Gluck, P. Jimenez-Delgado and E. Reya, Eur. Phys.5B (2008) 355.
[11] A.D. Martin, W. J. Stirling, R. S. Thorne and G. Watt, ERhys. J. G33(2009) 189
[12] P. M. Nadolskyet al., Phys. Rev. Y8 (2008) 013004.
[13] S. Alekhin, J. Blimlein, S. Klein, S. Moch [arXiv:09(8L28]

[14] [H1 and ZEUS Collaborations] Hlprelim-10-143, ZEU&p10-019, presented by A. Cooper-Sarkar
at the XL Symposium on Multiparticle Dynamics (ISMD 2010ntverp 21-25, September 2010



