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Boson-gluon fusion mechanism

Q2: γ virtuality

xg: parton fraction energy

Wγp: (γp) center of mass energy

Kinematic domains:

• Q2 < 1 GeV2:
photoproduction

• Q2 > 1 GeV2: DIS 
(electroproduction)
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Factor isation: p structure ⊗⊗⊗⊗ Pert. QCD ⊗⊗⊗⊗ γγγγ structure ⊗⊗⊗⊗ fragmentation structure

• Multi scale 
problem: 
mQ, pT,Q2

Per t. QCD p

γ
c

c

γ γ γ γ structure

fragmentation
structure

p structure • Par tons density in p

• Evolutions models: 
CCFM, DGLAP, 
BFKL
(evolution in x, Q2)

directresolved
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pQCD calculations in NLO: 
(DGLAP)

• Massive scheme, fixed order :

γγγγp:    FMNR (Fr ixione et al.)

DIS: HVQDIS (Harr is& Smith)

• Massless scheme, all orders (NLL):
. HQ in γ γ γ γ or p

 γγγγp: Cacciar i, Kniehl

• Matched scheme: (FONLL)
Cacciar i et al.)

qT
mp ≈

qT
mp   >>

MC generators 
(LO ME + PS):

• DGLAP evolution:

AROMA:::: direct contr ibution 
only

Pythia, Rapgap, Herwig:
direct + resolved

• CCFM evolution:
CASCADE



5Bob Olivier, DESYISMD2003

Q2

mQ

DIS
Q2 > 1 GeV2

• Charm – Beauty correlations
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• Charm hadronization,   
fragmentation

• Differential                         
cross sections 

with D*  and D*+jets

DIS
Q2 > 1 GeV2

b

c

Photoproduction

Q2 ≈≈≈≈ 0

• Cross sections 

with B →→→→µµµµX,     
NLO compar isons

• F2
cc

• Cross sections 
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Ru/d γγγγs PV

• QCD vacuum felt by c quark dur ing 
hadronization:

→ equal number of u and d quarks (as seen by c)
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• Strangeness seen in vaccum:

→ s quarks suppressed by a factor of 4

• Vector  vs pseudoscalar mesons, spin 
counting:

→ naïve spin counting does not work for charm
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Zeus: reconstruct all charm ground states, D0 , D± , Ds
±, ΛΛΛΛc

± and D* ±

ZEUS  (γγγγp) Combined e+ e 
data-

→ charm 
fragmentation 
functions are 
universal

ZEUS  (γγγγp) e+ e data-

H1  
(DIS)



8Bob Olivier, DESYISMD2003

D

 (D*) [GeV]tp
3 4 5 6 7 8 9 10 11 12

 [
n

b
/G

eV
]

t
 D

* 
X

)/
d

p
→

(e
p

σ
d

10
-2

10
-1

1

10
H1 99-00 (prel.)
NLO QCD:
3-flavour massive

4-flavour massless

 (D*) [GeV]tp
3 4 5 6 7 8 9 10 11 12

 [
n

b
/G

eV
]

t
 D

* 
X

)/
d

p
→

(e
p

σ
d

10
-2

10
-1

1

10

 (D*)η
-1.5 -1 -0.5 0 0.5 1 1.5

 [
n

b
]

η
 D

* 
X

)/
d

→
(e

p
σ

d

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5 H1 99-00 (prel.)
NLO QCD:
3-flavour massive

4-flavour massless

 (D*)η
-1.5 -1 -0.5 0 0.5 1 1.5

 [
n

b
]

η
 D

* 
X

)/
d

→
(e

p
σ

d

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

• Massive NLO below data; Massless NLO in reasonable agreement
• Large theoretical uncertainties:                                

data let to constrain the models   ↔↔↔↔ need more precise models! 

H1, inclusive D* :
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D* γγγγp: Dijet Angular  Distr ibutions
ZEUS, D*+2jets:

Photon resolved contr ibution:

sym. in cosθθθθ*

θθθθ* p

D*  (jet 1)

jet 2

jet-jet  rest frame:

asym. in cosθθθθ*

• Significant resolved 
contr ibution (~40%)

• NLO DGLAP: OK for  direct 
contr ibution, too low for  
resolved contr ibution  

• CCFM (Cascade): reproduce 
shape, cross section too high 
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• Agreement between H1, 
ZEUS and NLO QCD 
fit over  a wide range of 
x and Q2

• Strong r ise towards low 
x and high Q2

→ dr iven by gluon 
density in proton 
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Charm hadronization and fragmentation: 
• independent of the hard process (ep, e+e-)

Charm in γγγγp:
• Large charm content in the photon
• NLO calculations ~OK, but do not descr ibe all aspects of 

data
• Large theoretical uncer tainties, existing data constrain 

models

Charm in DIS: 
• F2

cc: nice H1 / ZEUS / NLO fit agreement
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→ need specific b tagging methods

Use semileptonic b → µµµµ decays
→ 2 methods 

High B mass →→→→ pt
rel Long B decay 

→→→→ impact parameter   δδδδ
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H1, ZEUS: ηηηηµµµµ (NLO)                           H1: pt
µµµµ (NLO) 

• Agreement between H1 and ZEUS
• NLO: OK at high pT (too low at low pt ?)
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Charm:
• γγγγp :  Massive scheme too low,  massless DGLAP NLO ~OK 
• DIS: Massive DGLAP NLO ~OK
• CCFM: promising, but do not descr ibe all aspects of data

Beauty: 
• γγγγp and DIS: new results quite close to NLO (but still too high)

Theoretical expectations for  c and b still have large errors

HERA I I : 
• Upgraded detectors, more luminosity
• New kinematic regions accessible in the forward direction


