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*+Q°<1GeV Days of running
* 130 <W <280 Gey ¢1992-1997 pEZ 820 GeV+Vs =300 GeV
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B C xperimentally(c — D) Meson:
e # Fragmentation Fraction

S ¢ Fragmentation Functions

Heavy Flavour Production & Fragmentation

Charmed Mesons :

Vector State (V)'D - spin 1

f(c - D) =0.235+ 0.007 (LEP) |
Pseudoscalar (PS) D spin 0

(e.g Peterson Fragmentation Function) P =V/(V + PS)

Simple spin counting: P = 0.75

Whether these fragmentation fractions are Universal ?

However there are several models
K. Cheung et. al. hep—-ph/9505385= 0.68

Braaten et. al. Phys.Rev.D51(1995) 4819 < P< 0.75
Y. Q. Chen. Phys. Rev. D48 (1993) 5181 0.6
Yi=Jin Pei, Z. Phys. C 72, 39 (1998)= 0.56
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Universality of charm fragmentation

. / | Direct Production rates from charm fragmentation :

P=c_(D**)/ (0, (D**) + Gdir(Do)) Decay Modes:
Assuming D° . K T (+c.C)
a)o (D®) =0 (D™ D* - (K') 1" (+c.c)
b) No sizable distortions from excited D mesons ;T is a soft pion with low momentum

Gdir(Do) - Gtot(Do) - O-tot(D*i)(l + BR(Iji - DO T[t))

1

P = -
Y (o, (D)o

tot

PV measured from ZEUS data for D* and D mesons
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Universality of charm fragmentation

, ZEUS ZEUS
» 3507 > 4000
3 @ » ZEUS (prel,) 98-00 & P b « ZEUS (prel.) 98-00
= 3p0f Candidates With AM Tag - 3500 Candidates Without AM Tag
%‘ — Gaussian + Backgr. g [ — 2 Gaussians + Backgr.
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P = 0.546% 0.045(stat.)+ 0.028 (syst.)

N() = 1180 35 ALEPH : P = 0.595+ 0.045
Charm Fragmentation Fractions are Universal  sanay pan B8
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Charm with Jets (LO)

Define: Direct photon X= 1
Resolved photony<x1

Direct and Resolved :

g-exchange do/dco®* (1 — |coH*|)™

Il Resolved :

Direct-y: y-g fusion Resolvedy:gg - ¢ C g-exchange do/dco®* (1 - |cos*|)
g—exchange g—exchange Rutherford Scattering

C

9?
P
/ Proton Direction
C

* = center of mass scattering angle

Resolvedy: ¢ excitation
g—exchange g—exchange
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dsel - Only light quarksu,d,sare active flavours ip, y
# No explicit charm excitation component

0% # Charm is only produced dynamically []
Sheetl » Scheme valid for p=m,?

44 # Only sum of dir./res contribution well defined
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Charm Jets in experiments & NLO

Pasiicle Shower

g8 KTCLUS Algorithm for Jets

hadrons

Hadron level Charm Jets

Calorimeter

Fragmentation prooess B
adrons

Fragmenialiomn PR AN

e

CuLEoing parton
Hard scatlter ke (AUEOINE pariom

Hard scatter

: Fixed—order ("massive”) NLO (Parton level Jets)

Leading Order Higher Orders

Ladi | TOINE LTt
Hard scaiier

Parton level Charm Jets
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WS or G < 1 Ge\F; 130 < W < 280 GeV

y % NLO Fixed orde(Frixione et al.)

@8 PDFs: p MRSGy GRV-G HO

EER solid curves: m= 1.5 GeVju, =m, u_=2m
dotted curves: e 1.2 ancpR = 0.5mD — extreme cas

: [ Extreme case is still below the data, disagreement
& large forn® >0

@l Same trend as observedijistribution for inclusive
g8 D~ and D* cross—section

Inclusive Charm Jets Cross section

Now let’s see the charm jets ... ZEUS 1996497 Preliminary

* B> 6GaV

g
S 0 > > 3 GeV, | <15 g‘

a

()

=
g
i
]
s

S

Jet distributions are not sensitive toam Dra{j effects !!!
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Inclusive Charm Jet Cross section

- Looking at the picture from both sides: - _£EUS 1996497 Preliminary _
/ = o ENsBCeV = - E!f':- GEeV
35_1 = | (g} O Jets 5_: | |b) Cher Jets B
D* jet O Jet nearest to D* in — @ space = . 1 { {
= 3
[ Other Jet \ }: .
. N = o - - - - - _n..—..:lEI
NLO underestlmates both non—_D =l . Ehsoev | = | . Ehaaew
cross section as well as the D* jet 5 | te1 D dess Hon [-1d) Other Jets T :
Cross section ' { % % 2 : J|‘ % ][ E
= & 24 — —.. L g
(Reproduces TEe’tshapes reasonably well in both | % T : E = }
| case} ﬁ : - | I x =
-:‘;!
2 g o = 2 = 2"'_-__ o _I;_' R z
ﬂ"_-n rE:
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X 98> Measurements

Y
S8 Fraction of photon energycontributing tc ZEUS 1996 + 1997
A the production of two highestTEjets g s B e e
S : ) r
-~ n g d - * Dafa y —
oBs _ 2etsFre i T W .
I':r — B a3l _I HErw'rgE resolved o, __-.,f'{’.*},; , ?__‘
ZyEﬁ L B Henwig: O Gucltanen = - {

Gty ' <1 GeV, 130 <W < 280 GeV
] E jet1> 7 Gev’ E-etz > 6 Gev’ mjetl < 2.4

T

p” >3GeV,-1.59” <15

8 | O(DGLAP) Herwig MC :

® » Both direct and resolved fractions are significant
g 7 Dominant part of resolved is from ¢ excitati
i'. ?‘f‘

Resolved without ¢ excitation is quite small Resolved (~40%) Direct (~60%)

: 5 2, ‘ Sanjay Padhi
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xyOBS Measurements

o S [ | | ' | | ]
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0 s mmmmmmmmmmmmmnes
m 4 o ZEUS 1996+97 ! ]
O.. - : ]
5 - Massive NLO, parton level, e=0.02 ; i
LS/ i y
£ 3 — Hg=10m m=15GeV =
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X'Y

Uncertainty due to Calorimeter energy scale
Fixed order NLO calculation below data at >§OBS <0.75

Would be interesting to see "massless" calculations ?? wo
CASCADH] describes well (See B. West & H. Jung’s talk) ~ sanjay Padni a8
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Dijet angular distribution in D* photoproduction

QCD (LO) predicts that the angular distribution of the outgoing partons
In resolved processes will be enhanced at high |@¥swith respect to
direct photon processes.

H. Baer, J. Ohnemus & J. F Owens, Phys. Rev D40 (1989) 2844

Is it really true ?

e
ZEUS published Phys. Lett. B 384 (1996) 401 0

T
: : Proton Direction
Is it also true in case of charm ? /
C
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GBS Poge 12 of 15 PHOTON 2001



: T
L ] r r
. ! i —

BRESER --c 13 of 15 PHOTON 2001

Dijet angular distribution in D* photoproduction

ZEUS

D* dijet eventsenable study of thehoton structure = [

in particular itscharm content * ZEUS (prel) 19962000 (119 pb”)

uw; 350 [
=

Sample Used:Photoproduction with a reconstructec@ 300

—— Fit: Gaussian + A(AM - m)"
""" Backgr. wrong charge

D* and atleast 2 hadron jets dijets' g »
T L
% Require D* with p° > 3.0 GeV,}”| < 1.5 S0 :
# Dijets E* > 5 GeV,n*' < 2.4, M >18 GeV 150 ¢
lco§*| <0.83[ n [<1.2, n =050+ n* 100 [

[EPS 2001 Abstr. 499]

50 |

Kinematic region:

Q’<1GeV O ouss 05 01 016 0165
130 < W¢ 280 GeV AM =M(Kxx) - M(Kn) (GeV)
Yp
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Dijet angular distribution

co$* = tanh(0.5("*"* — n*¥)) 72
'S 225
g 0% = angle between jet-jet axis and beam direcggn
in dijet rest frame bk 200
E 175
@ Distribution is not biased by > 18 GeV cut 3 1%
I+ *E 125
=N
. . 100
Pythia (LO DGLAP) describes both =T
£5>0.75 and X*°< 0.75 5L
50 -
A clear signature of g—exchange 25 F

CASCADE ? NLO ?
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In D* photoproduction

ZEUS

ZEUS (prel.) 1996-2000 (119 ph'l,‘!
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Summary and Outlook

Summary:
| HERA has provided wide spectrumlafavy flavoured (charm and beauty) Jagasurements

B8 » Measurement d? (strangeness—suppression fagiand excited D meson fragmentation

fractions)are consistant with LEP results

+ Charm (and Beauty) photoproductiomss section are underestimated by fixed—order NLO

for low >§OBS

:'.": + The co®* distribution for dijet events with a D* shows a cleagnature of gluon propagator

for events with 3958 <0.75

§  Outlook:

+ CompleteHERA | data (1994-2000)

+ Need better theoretical input
+ HERA 11 (2001-2006)= luminosity increase¥’, = 1fb™)

S @ Detector upgrades
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¢ == Simicrovertex detector
= Forward trackingl] big improvement in heavy quark tagging efficiency

A lot of interesting Heavy—Flavoured Jets Physics to come from HERA
Sanjay Padhi




