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Introduction - Hadronization of heavy quarks

Exclusive production of a charmed hadron:
O_(p) — f ddepartO_(ppart)D%Wt(Z)é(p — prart)

e 0(ppart) - perturbative part (calculable) part=q,q,g
e DP?""(z) - fragmentation function (contains nonperturbative part)
part - )
Is D7, " (2) universal’
— what are the probabilities for quark to hadronize into various hadrons?

— what part of the quark’'s momentum is carried by the heavy hadron?
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Fragmentation fractions and fragmentation ratios

Into which hadrons does the charm quark hadronize?

Fragmentation fractions (total cross sections used):

_ . U(H)tot
flc— H) = o (O tot D=

Fragmentation ratios (direct cross sections used): s /g
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FF and FR of D", D°, DF, D*and A, - ZEUS

Tracks from Central Tracking Detector used: . S
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FF and FR: visible range and procedure - ZEUS

DIS photoproduction
1.5 < Q* < 1000 GeV? Q% < 1 GeV?
0.02 <y < 0.7 130 < W < 300 GeV
pr(D,A) > 3 GeV pr(D,A) > 3.8GeV
In(D,A)] < 1.6 In(D,A)| < 1.6
L =82pb! L=79pb!

e Visible charm cross section used for determination of fragmentation fractions:

o = o(DT) 40" D% + ' (D°) + ¢4 (D*T) (1 + Rya)+o(DE)+o(A)x1.14
(use world average ratios for =/A and Q2 /A, this gives factor 1.14)

e Fragmentation ratios calculated from visible cross sections of measured charmed hadrons!
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FF and FR of D+, D°, D}, D* - H1

> Charm tagging: reconstruction of secondary vertex with the central silicon
tracker

> signal to background ratio can be improved significantly by a cut on the decay
length significance (S; = 1/0;)
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= - Fit | =
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D Meson Signals - H1

> Kinematic region:
2 < Q% < 100 GeV?
0.05 < y < 0.7
pe(D) > 2.5 GeV
(n(D)] < 1.5
L=47pb "

> Invariant mass spectra fitted:
Gaussian + background

> Visible cross-sections were de-
termined
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candidates/ 20 MeV

[Eur.Phys.J.C38:447-459,2005]
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Determination of FF and FR - H1

e Leading Order + Parton Shower MC used (AROMA 2.2):

— to extrapolate to full phase space

— to predict total cross section for charm production

e fragmentation fractions are calculated from extrapolated (predicted) cross sec-
tions

e fragmentation ratios are calculated from fragmentation fractions

Both experiments: assume o(D*") = o(D*Y), o(D*") = o(D*7),
o(DT)=0(D")
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Results: R, /4 and g

H1:
R

_ f(e=DY—f(e—D*TBR(D** - DY)

H1:

/ZEUS:

guntag (DO)

u/d — f(e—=D1H)+f(c—D*t)BR(D*+—DO0x)

R'u/al — o(DE)+otag(pO)y

2f(c—DE)

/ZEUS:

Tu/d = Fem D)+ f(e—DD)

20(D)

Yu/d = U(Di)_i_atag(DO)_l_Juntag(D0)+20add(D*ﬂ:)
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In agreement with each other, expectation and world average.
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Results:Py and P¢,

- ZEUS yp Py 3
- ZEUS (prel) DIS P,, @+
- ZEUS (prel.) DIS P¢ HO
- H1DIS pud .
H1 DIS P¢ - HH
- ALEPH P¢ -V
OPAL P, v
- DELPHI P, 24
0 02 04 06 08
Py

— Naive spin counting does not work (Py # 3/4)

— In agreement with world average
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Results: Fragmentation fractions
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support assumption of universality

All fragmentation fractions are in agreement with world average and
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Structure of Charm jets in DIS - H1

0(p) — f ddepartU(ppart)Dzl?rt(2)5(17 - prart)

= arbitrary division between o (ppqrt) and DV (2)
= usually evolution down to m. put in o (ppart)

— structure of charm jets studied

e Charm events tagged by D™ in the DIS
region:
2 < Q° < 100 GeV”
0.05 < y. < 0.7
pi(D*) > 1.5 GeV

I gluon emmision off heavy quark influenced
by m.
I QCD predicts for small «:

2
TORQt & K2, n(D*)| < 1.5
a0 = Mg/Eo 0 e Jets found using kr in lab:
e > 1.5 GeV
| o < o - dead cone T?;je:| <15
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Structure of Charm jets Il.

e jet algorithm rerun till exactly two subjets
are found

e study angle o between the charm jet axis
and non-charm subjet

> distribution in agreement with pQCD formu-
la, fit with o as a free parameter

> from pQCD formula expect ccoEj¢; indepen-
dent of jet energy

Data consistent with pQCD prediction, difference to light jets

_Sj

1/N dn/dO(D*Jet

1$ .
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statistically not significant

Juraj Bracinik, MPI for Physics, Munich

HEPO5, 22 July 2005

12



Study of Fragmentation Function - H1

Fragmentation function describes the energy transfer from quark to a given meson.

eTe collisions

: Ers Ers
> natural choice y — =D — D
\/5/2 Ebeam

> assuming LO processes - direct measurement of non perturbative fragmentation
function

ep collisions

> choice of z observable not so obvious

> differences: IPS contribution,
different kinematics
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The Experimental Methods

Jet Method : Hemaisphere Method :
> the energy of c-quark is ap- > in yp-frame the cc pair is balanced in p;
proximated by the energy —> possibility to divide event into two
of the reconstructed D* jet hemispheres
__ (E4pp)p+ 7 _ _(E4pp)p=

Zjet - (E—I—p)jet e == Zhem(E+p)

D* hemisphere
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D* Tagging

Golden channel:

D*F — D'7F — K*n¥rnT §700§—

. . §600§—
Kinematic cuts: s00f

2 < Q? < 100 GeV? 400%—

0.05 < y. < 0.7 s00F-

p:(D*) > 1.5 GeV 200F-

In(D*)| < 1.5 J0oE-

o35 014 0145 0I5 0155 016 0165 017
m(Ktot)-m(Km) [GeV]

Jet method:

> D™ treated as stable meson

> massive k;-cluster jet algorithm applied in vp frame
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Measured z-distributions with Kartvelishvili parametrization

RAPGAP/PYTHIA+Kartvelishvili : | f(z) ~ 2°(1 — 2)

w
w

= L o L
o [ 2 [
= [ N X
5 ogf ® H1 Prel. Data 2000 % osk @ H1 Prel. Data 2000
o) i = i
o i o A
@) 2 = 2k
= |
1.5F 1.5F +
i o 1 o
- Kartvelishvili i Kartvelishvili
[ + 20 band + 20 band
ol o 0 o1y oo . . o,y
0.2 0.4 0.6 0.8 1 0.4 0.6 0.8 1
Zhem Zjet
Visible Range: (In addition to cuts on previous page.)
Mpart,vyp > 0. pt(D*Jet) > 3 GeV
z > 0.2 z > 0.3
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Extraction of Fragmentation Parameter

> Fragmentation parameters extracted for RAPGAP 3.1 MC (direct +resolved)/
PYTHIA 6.2 with excited D-states (ALEPH tune)

> for fragmentation used:  a.) Peterson parametrization
b.) Kartvelishvili parametrization

Extraction procedure:

> MC-files generated for various frag.
parameters: best parameter value ob-
tained (correlated systematic errors
taken into account) using x?

20r
18}
16}
14f
12f

10

N A OO

o

H1 Prel. Data 2000
Jet Method

Kartvelishvili:

0=45+05-0.5
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Summary of the Fragmentation Function Results

> Kartvelishvili and Peterson parametrizations provide equally good

descriptions of the data

> hemisphere method appears to give harder fragmentation function than

the jet method

H1 Prel. Data 2000 + RAPGAP/PYTHIA

parametrization Hemisphere method | Jet method
F0.004 F0.006

Peterson 3 0.018" 5 o4 0.030°5 005

Kartvelishvili 59706 45707

> difference (< 30) between hemisphere and jet method result may indicate
imperfect MC description of hadronic final state in charm events

= 0.014 < € < 0.036

4.0 < a<6.8
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Comparison with ete~ Experiments

ywunlts
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H1 hemisphere method

ANE>~ 10 GeV,
, — E+PL)p+
Zhem(E+p)

CLEO /s = 10 GeV,
Z = pD*/pmaX

OPAL /s = 91.2 GeV,
7 = QED*/\/g

ALEPH /s = 91.2 GeV,
7 = QED*/\/g

> although different observable definitions, spectra similar in shape
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Conclusions

e Inclusive cross sections of DT, D°, D}, D* and A. were measured
in DIS and photoproduction

e Extracted fragmentation ratios and fractions support assumption
of universality

e Structure of charm jets in DIS is well described by pQCD and
LO+PS MC

e Fragmentation function of charm to D* was measured in DIS,
allows comparison with ete™
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