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Deep-Inelastic ep Scattering
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4 Virtual photon of virtuality Q2=-g2 acts as y‘q)
pointlike probe ()
d Bjorken-x is momentum fraction of parton out T
of the proton p(P) ~—_—_
3 ,Light” quark scattering (m,? << Q?) is
described by a parton density within the €
proton

d Heavy quarks are produced dynamically by
Boson-Gluon-Fusion

A Structure function F,: Inclusive cross section,
kinematic factors divided out

g
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| Theoretical Challenges
e —— et ey e By ———— ‘. e : ——— ———-_=‘=

3 Multi-Scale Problem: Hard scales Q2 sz, pT2
A Treatment of Quarks: € &

O, Massless” quarks for sz < Q?

OMassive quarks for mg2 > Q2

OTransition region Q2 = mg? difficult

OAdressed by

Variable Flavour Number Scheme VFNS
(Lai, Tung; Chuvakin, Smith, Harris; Thorne, Roberts) P

J Monte Carlo

QLO Monte Carlo available (Pythia, Rapgap, Cascade)
ONLO Calculations (HVQDIS), no full MCs with hadronization

Q=> use LO MC for detector and hadronization effects,
compare x-sections to NLO results
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‘Heavy FIavours and the Gluon

d The gluon in the proton:

ODrives the QCD evolution of the structure functions
(at higher Q2 = higher resolution, more quarks at low x are visible)

QGenerates heavy quarks via boson-gluon-fusion

4 Gluon extracted from inclusive structure function measurements
should lead to a correct prediction of charm production

d Heavy flavour (especially charm) production measurements can
improve knowledge of gluon density in the proton

J Note: Charm contributes up to 35% to proton structure at high Q2

Q2
R
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Charm
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Techniques:
d D* tagging
d Lifetime tagging

Results:
4 Inclusive charm cross sections
4 Fragmentation ratios

Benno List, Beauty 2005 5 Heavy Flavour Production in DIS at HERA



Charm Tagging via D* Production
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d Q2 evolution measured over 4
orders of magnitude
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Charm from an Incluswe Llfetlme Tag
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4 Central Silicon Tracker resolves track impact parameters
 Measure Significances S, = 3,/a0, , order them: S; > S, > S,

 Use subtracted spectra to extract uds, ¢, and b
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F,cc: The Harvest from HERA-I
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Lifetime Tagging: D* Signal
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_F[g_g_mentation Ratio__s
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Techniques
d Lifetime tagging

J Semileptonic decays:
Jets+Muons

QRelative py
OQAdditonal livetime information

Results:
Q Inclusive cross sections (F,bP)

 Visible cross sections
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Incluswe Beauty Cross Sectlon szb
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Measurlng Beauty Productlon with |.|_-_I-ﬁjgts
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V|S|ble Beauty Cross Sectlons
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More Beauty than Expected

- R— = EEH N SRS S e Pt S P

R L L e e e S e B e S R L e B e e

d All measurements

consistent with a ratio mg | e i ol Bl e
data/N LO Of 1 5 -nbz ¥ Hi F2® (high 3}2‘, Impact Parameter
=~ 7 A H1iPrel F2e (Inw Q Impact Parameter
d Theory error (not shown) % ol Sl e S e
typically ~10% I ooz e o e
. o O ZEUS DIS: o, (ejuX) p,
d Improved theoretical ir e il Corrlatins
. rel. orrelations
understanding needed A G
A ... and underway: T % ﬁ }
QNNLO calculations coming 2 ¢#¢ T ﬁ h 53
Otake gluon k; into account ‘ T Q0D NLO (massive)
wp (@~ 0) ' 1|u 1c|m
T Q° [GeV]

Q2 zmbz

Benno List, Beauty 2005 15 Heavy Flavour Production in DIS at HERA



From HERA to LHC
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LHC parton Kinematics
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| onclusions and Outlook
= —— et ey e e ‘. e : A~ ———-—=‘=

d Charm production well described by NLO QCD

d Charm data precise enough to constrain the gluon at low Q2

d Beauty production: a new field opening up
QJet+pu data higher than NLO expectation
OData from lifetime tagging agree better, not yet as precise
d More and more HERA-II data coming in: the future is bright!
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Rapity Distributions
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J Both experiments observe excess in forward direction,
l.e. in direction of the proton remnant
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The Gluon at HERA
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