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Heavy Flavour Production

Main Process:
Boson Gluon Fusion

investigate multi-
scale problem

¢ at least one hard scale

—>» (Xs small
* test different pQCD
models and schemes
A OL

9

R sensitive to gluon

> density of the proton
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Theoretical Approches

massive scheme (FFNS)

fixed order calculation

heavy quarks are produced in the hard process
neglecting: [as 1n(Q2/m§)]”

valid at: m2¢p ~ Q2

massless scheme

neglect masses in hard interaction
heavy quarks intrinsic content of

proton/photon )
Resums: |a, In(Q*/m))]

valid at; m2¢p << Q2

infermediate (variable) scheme (VFNS)

* |low Q2 massive scheme
e intermediate Q% interpolation
e high Q% massless scheme
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The Detectors

e 27.6 on 920 GeV -> Vs = 319 GeV * onion shape layout:
* multi purpose detectors " vertexing
. 4 * tracking
IT coverage * calorimeters
* muon chambers
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Charm Tagging

1.) via resonance decay 2.) via lifetime using a Secondary

silicon vertex detector
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Charm Cross Sections

D_data D* data
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NLO + Fragmentation

beauty contribution (RAPGAP)

HVQDIS:

mc = 1.35 GeV
Hr=pe= (Q2+4ME)
Peterson: €.=0.035
ZEUS NLO PDF

i

[—

Di
do/dPY (nb/ Gev)
=
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-
10 P; (GeV)

p.(D*)[GeV]

uncertainty reduced compared to HERA | analysis
data described by the MC & NLO prediction:
HVQDIS: massive NLO calculation (FFNS)
HVQDIS seems to be slightly too flat
H1: HVQDIS tends to be too low (different charm mass)
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Charm Cross Section (ii

D* data D* data

H1 preliminary ® Hi data
B _ RAPGAP ZEUS
HERA 1l 04-06 — CASCADE T T L Y B I B Y D

HVQDIS
1.3<m<1.6 GeV

uf2=uf=Q2+4 m2
OS5u<u<2n

-
NN

ep—e+D"+X
] ZEUS (prel.) 135 pb”' HERA 11
NLO + Fragmentation
= = = = beauty contribution (RAPGAP)

mc = .35 GeV
Hr=HeN(QH+4MC)

do/dnP (nb)
k.

CTEQS5F3

—

R

S 2 2 2
= AN R
ANRRRN I ARNRRRRRRRRRRRREN

=
=2

e

5< Q%< 100 GeV?
0.05<y<0.6

In(D*) 1<1.5
p. (D*) > 1.5 GeV
| 1 1
-1 1
*
n(D*)

g P R e Py Y

15 -1 05 0 . 1 1.5
n®

e MC describes the data

* HVQDIS fails in forward direction e well described by HVQDIS
* perhaps due to different Proton PDF
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D* Cross Section (ii

1.5< pT(D*) < 2.5 GeV 2.5< pT(D*) < 3.5 GeV
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e deviation in forward 1 localised at low p
e otherwise HVQDIS describes the data
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D* production

ZEUS
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very nice agreement over 4 orders of
magnitude in Q?
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D* + dijet production

e charm tagging with D* mesons e e

* use the two jets to fully reconstruct the two charm quarks \\//

e x,°°: momentum fraction of photon entering hard process

b

H1 ep — eD*¥jjX
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Charm Fragmentation

C

charm production well described by pQCD

transition from quarks to hadron often use non-perturbative fragmentation
functions

expected to be universal

N
Peterson FF: D% =

z[(1-(1/2) - e(1 = )P
free parameter €q “hardness” of fragmentation
z: energy fraction of charm quark carried by charmed meson
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Measurement of equsing D*'s
Hemisphere Method: Jet-Method:

e z determination from energy in D*
hemisphere

e kinematic region down to charm
production threshold

3-

e D* associated jet used for z
e due to jet — higher E; threshold

w
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Beauty with pi"'-method

process: ep—ebbX—ejjuX’

ZEUS (prel.) 39 pb™

L -=== MC bb
large beauty mass MOoh

— large p. relative to MC BD+cC-f
corresponding jet

* light flavour: steeply
falling spectrum in p¢®

use MC simulation for the shape of the
contribution by uds, € and b quarks

fit the fractions of the 3 contributions such that
MC describes p® best
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Beauty with pi"™ method (i
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predictions *005<y<07  «FEi>5GeV

. e pt > [.5 GeV * .2 <plet< 25
e but NLO calculation too low
(also see the talk by A. Geiser ;-) )
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Beauty with p:"' method (iii)

double differential in x and Q?
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use for the extraction of the structure function F,bb
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Proton Structure Function F>

Inclusive ep scattering
\e+(l<3 e*(y

d20.ep ,
/ ) X FZ(Q ’ x)
\‘1/;\ - dO2%dx

)

> { l
- -/
p(p) N/

Contribution of ¢/b to inclusive F>

et (k) e (k")
d2 O_ep—>c6X

CC( )2
dQ*dx SREAUAL

p(p)

F2cc(bb) is contribution to F2 originating from c(b) quarks
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Impact parameter method

a<m/2 — d=+|0l
* estimate quark direction by jet,

151 * or by scattering angle of electron

ark (Jet : : i
a Quark ( )> * inclusive event selection:

1 Vertex e * high statistics (2 Mio events)
* large phase space (| track > 500 MeV)

o> m/2 —8=-I3l Impact Parameter o
1. Vertex Quark (Jet)

° H1 Data
Total MC

* |ong lifetime of the B-Mesons causes
large positive impact parameter O

* light particles = symmetric
distribution around 0

I IIIIIII| al I!II II| I IIIIIII| I IIIIIII| I IIIIIII|
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Significance Distributions

e use significance of the track: § = . e S1,52,S3 track with highest, 2nd and 3rd
(0 highest significance
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fit of the significance distributions using the MC as a
template for the shapes of the 3 contributions (uds, c, b)
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F2¢¢ from

H1 & ZEUS
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e scaling violations clearly visible
e good agreement between the different
measurements
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e HI1 Data
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Differences caused by matching procedure of

massive and massless calculations
high precision data — able to distinguish

between predictions
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F,b® Results
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Focc/bb /F,

o
A H1 Data
. ch - be

x =0.0002

MRSTO4 £
MRSTO4
canl Lol

e shapes are different from F;

e [, contribution to F, ~ 30%
— significant effect on inclusive F;

e F,b° contribution is small

e use to study different theoretical
QCD approaches, especially in the
intermediate scheme (VFNYS)
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Summary

Charm:

e good description achieved
® some deviations are seen

Beauty:

* reasonable agreement between data and theory
* data tends to be higher than theory

Extractions of the structure function
F.c¢ and for the first time FxbP

e HERA | data analysis finished
e first (prel.) HERA Il results are there
* much more to come
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Backup Slides
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J/P production

Colour Singlet Model

\‘\_\ * radiation of hard gluon

07 * changes also kinematics of the interaction
e [1,751] * implemented in EPJPSI

Non Relativistic QCD

* contribution by colour octet states
* soft gluon radiation
* factorisation of

* hard scattering process

* transition to real J/\P (non
perturbative LDME)
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Inelastic J/P Production

analysed channels: [/\p—ee/Pl
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o * normalisation to high
e normalisation to low t00 hard in Q2

EPJPSI:
e DGLAP

. 2
e too steep in Q * too steep in Wyp

=> J/P Production theoretically not well understood
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D* + Dijet production

e charm tagging with D* mesons e e
* reconstruct 2nd charm quark e D

from the jet c

H1 ep — eD*FjjX

2<Q%<10 GeV> 10<Q <100 GeV>

3. ¥

T 1 |||||I'|

-4

10

) E‘igéfm 3 gluon radiation (NLO) or initial k; can lead

" JHVQDIS E N to non back to back topologies

e CASCADE to broad
* some contribution missing in
AT (A TN SR L PP IO HVQDIS (NNLO?)
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F.cc/Pb measurement

cross section calculation

extrapolation to full phase space: using HVQDIS

(V ~
-— - d2 bb.vis d2 bb VIS

bb 2 O Saiin ONLO
o (X,Q) O'NLO ( Q))

dx sz dXdQZ/,\
reduced cross section: cross section calculation
using HVQDIS in visible

d* o % = dzO'bE XQ4 kinematic region
dxdQ? dxdQ? 2ra*(1 + (1 —y)?)

(Structure Function:

2
~ bb 2\ _ pbb Y bb
o (X,Q)—F2 1+(1—y)2FL

F1c</bb = beauty/charm contribution to F;
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Beauty at H1 and ZEUS

reduced cross section:

d25_ bb

Q=8 GeV?

LR L |
Q=25 GeV?>

R —
Q*=200 GeV*

IHH..l I IHHHl t
Q%= 650 Ge V>
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x(0? - dxd(Q? 2na*(1 + (1 — y)?)

v HI: 57.4pb' (HERA I)
m ZEUS: 39pb-' (HERA II)

ZEUS data lie above H|
still compatible within errors

quite some spread of the
theory predictions

data will distinguish with full
HERA statistic
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F>¢¢ from D*
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