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e Introduction, Theoretical Framework
e Hadronization of charm quarks

e Inclusive Dx meson production

e Dijet angular distribution of charm



Introduction - HERA Kinematics
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1992-1997: E, = 820 GeV = /s = 300 GeV
1998-2000: E, = 920 GeV = /s = 318 GeV

ep Kinematics for s = (P + k)2
Q2 = —q2 = —(k — k)2

Q2 ~ 0 GeV?2 = Photoproduction
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Introduction - Charm Production at HERA
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Introduction - Questions to Be Addressed
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Good understanding of charm production crucial
for QCD precision measurements at HERA

[] How well do we understand charm pro-
duction in ep scattering on the parton le-
vel in pQCD?

[] Is the hadronization of charm in ep scat-
tering the same as in e.g. etTe~?
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EsF27.6 GeV Calculations using the DGLAP evolution

Introduction - Theoretical Schemes
massive scheme, fixed order NLO: charm pro-
duced dynamically; valid for p; < m, (Frixio-

| E,7920 GeV
ne et al.)

e (K) e (k) massless scheme resummed NLL : charm in v
or p; pr > my (Kniehl etal.,...)

Dh(z) FONLL, 'matched’” scheme fixed order + NLL
V(Q)C o b C/'/ scheme, incorporate mass effects up to NLO,
Boson-Gluon- (O avoid double counting (Cacciari et al.)
: 2 % i i )
Fusion corb Calculation using the CCFM evolution
a(xg) CASCADE unintegrated gluon, off shell matrix
proton (P) element, full hadron level MC (Jung et al.)
> \/)
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Hadronization of Charm

e What is the QCD vacuum felt by the charm quark during hadronization?

— CU 5 — __2cs o
“/d cd Vs = cd + cu

e Vector (D*) vs. pseudoscalar (D) mesons: Does spin counting hold for
charmed hadrons?

Py = yirp=3/47

e What is the relative fragmentation fraction of charmed hadrons?

N(D o(D
e.g. fle = D) = N((C)) - Zalla((Dv)/\Ca---) ?

Are these ratios and fractions universal?

0 Need to measure ground state hadrons, i.e. DO, D*, D A* and D**
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Signals of Charmed Hadrons
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e Kinematic region:

130 < W < 300 GeV, Q2 < 1 GeV?2
pr(D,A;) > 3.8GeV, |n(D,A:)| < 1.6

e Measured cross sections:

Juntag(DO)’ O.tag(DO)’ O.(D*:t)
a(D*), o(D5), a(AY)
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Ru/d, vs and Py

_ C@ _ O'(DO’*O) _ O.untag(DO)
W= cd = o(DFE) T o(DE) + o™ (DY)

R

The vacuum as seen by the charm quark
contains an equal number of v and d quarks
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s quarks are suppressed by a factor of 4
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Naive spin counting does not work for charm
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QCD vacuum seen by charm quarks is independent of the hard physics
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Charm Fragmentation Fractions

ZEUS: reconstruct all charm ground states, D*, D°, D A* and D**

Determine from data:

ZEUS prel. (vp)
Pr(D,A,) > 3.8GeV, |n(D,A.)| < 1.6

Combined

ete  data

f(c — D%) = 0.249 £+ 0.014 0.232+0.010

f(c — D) = 0.557 4+ 0.0197

0.549+0.023

f(c — D) = 0.107 + 0.009 + 0.005

0.10140.009

f(c = AF) =0.076 £ 0.020 0.076 & 0.007

f(c — D**) = 0.223 £ 0.009 0.2354-0.007

~ 66 or 79pb~1!

H1 prel. (DIS)

40.045 +0.029
0.20240.020" ¢ 533 0021

0.115 +0.086
0.658+0.0547142 70 04s

0.156£0.04370 03¢ 0000

0.056 +0.031
0.263-0.01970-056 +0.031

charm fragmentation fractions are universal
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Inclusive D* Meson Production
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e Massive NLO calculations below data

_______________

_______________
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Inclusive D* Meson Production
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D Theorles have Iarge uncertainties
[1 Measurement are able to constrain theories significantly
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D* Photoproduction (Dbouble Differential Cross sections)

ZEUS No electron tag 79 pb—1
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[1 Theories are not able to describe all aspects observed in data
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D* + Dijet-Events

ZEUS: vp — D** 4+ jj + X
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Momentum fraction of photon in jets:
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e Significant resolved contribution
(~ 40%) like in previous measurements

e MCs: good description of shape
but off in normalization
large charm content in the photon
required

e CASCADE different at high x
Cross section too high

e NLO below data at low angs
(not shown)
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Charm: Dijet Angular Distributions (Lo Picture)

0* = £L(p, D*-Jet)

e QO to the jet-jet rest frame _
D*, jety

e define D*-jet direction as positive z-axis
¢ look at the angle ©* of the proton w.r.t. the D*-jet 0" p

jets
Jet-Jet rest frame

symmetric in cos ©*

| | | L L
-0.5 0 0.5
cos(0")

strongly backward
peaking

! | ! ! ! ! | ! ! ! ! | ! !
-0.5 0 0.5
cos(07)

[1 Possible to prove that charm in the photon dominates
the resolved process of charm production
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Dijet Angular Distributions (Lo Picture)
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e Clear evidence for charm as an active flavour in the photon
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Charm: Dijet Angular Distributions (Evolution Scheme)
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Schemes: e NLO DGLAP ok for :cgbs > 0.75, but too low for x,‘?bs < 0.75

e CCFM (Cascade) ok in shape, but too high in cross section
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Conclusions

e Hadronization ratios and fragmentation probabilities:

[1 Hadronization of charm is independent of the hard physics

e Inclusive D*-meson production:
e Data are more precise than theoretical calculations
e Theoretical predictions have large uncertainties
e NLO calculations do not describe all aspects of data

[1 More theoretical effort needed to get a better understanding

e D* plus dijet angular distribution:

[1 Confirms large charm content in the photon in the LO+PS picture
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Conclusions

e Hadronization ratios and fragmentation probabilities:

[1 Hadronization of charm is independent of the hard physics

e Inclusive D*-meson production:
e Data are more precise than theoretical calculations
e Theoretical predictions have large uncertainties
e NLO calculations do not describe all aspects of data

[1 More theoretical effort needed to get a better understanding

e D* plus dijet angular distribution:

[1 Confirms large charm content in the photon in the LO+PS picture

[J May also be a footprint of the relevance of k7 in the parton evolution*

* Sevaral observations at HERA are better described in this scheme
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Parameter on Theoretical Calculations

Parameter Massive Massless FONLL
~-Structure GRV-G HO AFG GRV

p- Structure CTEQ 5D CTEQ 6M CTEQ 5M1
Fragmentation | Peterson e = 0.035 BKK-0(1998) Kartvelishvili
me [GeV] 1.5 1.5 1.5

oy 2 (1/2...2)-2-pu L

Ly (1/4...1) - uy (1/2...2)-2-p | (1/2...2) - puy

w=/m2 + py(c)?
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