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Heavy Flavor Production
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Boson-gluon fusion mechanism

Q2 yvirtuality
Xg: parton fraction energy
Wyp: (Yp) center of mass energy

Kinematic domains:

¢ Q2<1GeVZ
photoproduction

¢ Q2>1GeVZ DIS
(electroproduction)
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Probing of QCD with Charm and Beauty

Factorisation: p structure O Pert. QCD O y structure O fragmentation structure
e’
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p structure e« Partonsdensityinp

 Evolutions models:
CCFM, DGLAP,
BFKL

(evolution in x, Q?)
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Charm and Beauty Production Models

PQCD calculationsin NLO: MC generators
(DGLAP) (LO ME + PS):
e Massive scheme, fixed order: « DGLAP evolution:
pT = mq v WV"\'\ c
vyp: FMNR (Frixioneet al.) g AROMA: direct contribution
DIS: HVQDIS (Harris& Smith) ___ @——~« only

Pythia, Rapgap, Herwig:
direct + resolved

« Masslessscheme, all orders(NLL):

P, > mq.HQinyorp -
yp: Cacciari, Kniehl %'4/}—"
« CCFM evolution:

C
O CASCADE

« Matched scheme: (FONLL)
Cacciari et al.)
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Theory vs Measurements

Q2

» Charm hadronization,
fragmentation

 Differential
Cr 0SS sections

with D* and D* +jets

® FZCE

e Cross sections

b with B — X,
NL O comparisons

e Cross sections

» Charm — Beauty correlations
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Ry Ys and Py,

QCD vacuum felt by c quark during

hadronization:
_di _o(D*) _

o(D°)

Wi od  g(D='*) o(D*)+0(D°)

— equal number of u and d quarks (as seen by c)

Strangeness seen in vaccum:
2c5 20(Dy)

Vs =

— squarks suppressed by a factor of 4

Vector vs pseudoscalar mesons, spin

counting:
V. _ ogD)

R = = - 3/4
V+P og(D)+o(D)

— naive spin counting does not work for charm
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" od +cO - g(D*)+o(D°)+2+0(D™)
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Charm Fragmentation Fractions

Zeus: reconstruct all charm ground states, D°, D*, D, A* and D**
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— charm
fragmentation
functionsare
universal



D* in Photoproduction

H1, inclusive D*:

H1 99-00 (prel.)

do(ep — D* X)/dpt [nb/GeV]
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NLO QCD:

—— 3-flavour massive
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NLO QCD:

—— 3-flavour massive

Massive NL O below data; Massless NL O in reasonable agreement

L argetheoretical uncertainties:

data let to constrain themodels « need more precise models!
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D* yp: Dijet Angular Distributions

ZEUS, D*+2jets:

o % T e ZEUS 1996 - 2000
jet-jet rest frame: < | [\i — NLOQCD®HAD
. B 0.4 ? “::{ - — NLOQCD X$bs < 0.75
D* (jet 1) = LR
i N CASCADE
0.2 j_ = e
0" P :
Jet 2 o o
+ 7y direction c0osO p direction —
Photon resolved contribution: » Significant resolved
contribution (~40%)

e NLO DGLAP: OK for direct
contribution, too low for
resolved contribution

sym. in coso* asym. in cosg* « CCFM (Cascade): reproduce

shape, cross section too high
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D* in DIS: F,&

HERA F
|8 0_6 \HHH\‘ \HHW‘ \HHH\‘ T T T T \HHH\‘ \H T TTT \\HHH‘ \\HHH‘ T T T
R T 2 | 4Gev?| 7 GevH 2,€P—CCX 106
LT S T Y| do -2 1+(1- y)2)FCC(x Q%)
04l * ZEUS98-00| 1 N szdX Q
- o ZEUS96-97 | 1 :

=== ZEUSNLO
i QCD 1

| e Agreement between H1,

BN AR A 2 ZEUSand NLO QCD

* fit over a widerange of
X and Q2

o Strongrisetowardslow
x and high Q2

— driven by gluon
density in proton

-
130 GeV“ 1

-5
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Charm Summary

Charm hadronization and fragmentation:
* Independent of the hard process (ep, e*e)

Charm in yp:
e Largecharm content in the photon

 NL O calculations ~OK, but do not describe all aspects of
data

e Largetheoretical uncertainties, existing data constrain
models

Charmin DIS:
e F. % niceH1/ZEUS/NLO fit agreement
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Beauty Tagging

o(bb) / o(cc) ~ 102

— heed specific b tagging methods
Use semileptonic b — | decays

- 2 methods
I rel
High B mass - p,
ZEUS
E; ® ZEUS (prel.) 99-00
w —  MC Sum
10 2F - Fake Muons + Charm MC
I Beauty MC
10
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do/dr]u[pb]
3

40 |-
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Beauty in photoproduction

H1, ZEUS: 7, (NLO)

dofdn, (ep — ebbX — ejjuX)

Q%<1 GeV?
0.2<y<0.8
p > 2.5 GeV
p > 7(6) GeV
In'*| <25

®
A

H1 Data
ZEUS Data
NLO QCD [Hhd

[pb/GeV]

i
t

do/dp
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H1: pH (NLO)

doldp; (ep — ebbX - ejjuX)

$ l

\
Hl Preliminary |

Data
NLO QCD [Hhad

NLO QCD

Q?<1GeV%; 02<y<0.8
> 7(6) Gev; <25
-055<n*<1.1

e Agreement between H1 and ZEUS
« NLO: OK at high p; (toolow at low p,?)
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Beauty: data/theory

Beauty Production
T ]

> |
D ep - ebbX - ejjux
o
% 4 ® H1 (Prel.) -085<n*<11
g A ZEUS (Prel.) -16<n"<23
—— NLO QCD [CHad
Q?<1GeV? 02<y<08
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| *
+
O | | | | | | | | | ) ‘ ‘
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e All data pointsabove NLO QCD, but in agreement within errors
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Beauty

ZEUS: Q°>2GeV’

ZEUS

da/dlog,,(x) (pb)
=
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« Dataand NLO in agreement within errors
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Double b tagging: D*Ll correlations

C-b separation using Beauty cross section:
charge and angular e ZEUS
. o ~~ i \ \ ! i
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Conclusions / Outlook

Charm:

 Vp: Massive schemetoo low, masslessDGLAP NLO ~OK
 DIS: Massive DGLAP NLO ~OK

« CCFM: promising, but do not describe all aspects of data

Beauty:
 ypand DIS: new resultsquite closeto NLO (but still too high)

Theoretical expectationsfor cand b still havelargeerrors

HERA |I:

o Upgraded detectors, moreluminosity
 New kinematic regionsaccessiblein theforward direction
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