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Qutline:

# Introduction

# Charm production & fragmentation

# Universality of charm fragmentation

# Dijet angular distributions in Ophotoproduction
# Summary and outlook
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Kinematic Variables Days of running
# Bjorken-x scaling variablex = Q?/2P.q #* No scattered electrons
% yp CMS energy squareW’ = (P + g *Q'<1GeV
#* Fraction of energy transfey:= P.q/P.K1W?/s * 130 <W <280 GeV
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Heavy Flavour (charm) Production :

# Production of qq
# Development of Parton shower

# Transition of partons to hadrortsdgdronisatiol

# Unstable hadrons decagcording to BR

hadrons

Fragmentation process
Experimentally (c - D) Meson:

. . outgoing parton
@ Fragmentation Fraction A somg p

f(c — D**) =0.235+ 0.007 (LEP) Hard scatter
@ Fragmentation Functions

(e.g Peterson Fragmentation Function, Lund, Collins & Spiller ...)

Are these fragmentation fractions universal ?
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Charmed Mesons:

Vector State (V) O - spin1

Pseudoscalar (PSy D spin 0
P = VI(V + PS)

Simple spin counting: P = 0.75

The relative production of these two states is sensitive to non—perturbative effects in the
hadronisation process, thus cannot be calculated exactly.

However there are several models
K. Cheung hep—ph/9505365 (199B) =0.68

E. 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 (1996) = 0.56
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Direct Production rates from charm fragmentation :

P=0_ (D*i)/(cyoIir (D) + o, (D) Decay Modes:
D° - K™ 1t (+c.c)
Assuming : D* . (K™ T7) " (+c.C)

a)o(D®) =0 (D)

_ _ _ _ ; nsis a soft pion with low momentum
b) No sizable distortions from excited D mesons

o, (D) =0 (D) -0 (D) (1+BR(D*~ D))

1
(D% /o (D *)-BR(D "= D’m))

P =

\Y

( O-tot

P _measured from ZEUS data for D and D’ mesons
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P, = 0.546% 0.045 (stat.) + 0.028 (syst.)

Using: N(D°) = 5223+ 185 OPAL: R =0.57+£0.05
N(D*) = 1180+ 39 ALEPH : P = 0.595% 0.045

Results consistent with universality of charm fragmentation fraction
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Vit charm DhstoprotacilIEEE

QCD predicts that the angular distribution of the outgoing partons in resolved processes
will be enhanced at high |cd®| with respect to direct photon processes.
(Phys. Rev D40 (1989) 2844)

ZEUS Coll., Phys. Lett. B 384(1996) 401

ZEUS 1994
. . 30 ¢ 30 [
Direct photon LO is g—exchange - e ResoLven (@) "~ e ResoLvep ®)
i i i i . 23 a2 < DIRECT 23 3 < DIRECT
[l Cross section rises mildly with |d&f & ., E NLO QoD 20 __ HERwa

_____ PYTHIA

15 |

Resolved photon LO is g—exchange

49 - 49, 99- 99, dq- 9
[0 Cross section rises steeply with @9

10 |

do/dicos® | (arbitrary units)

Is it true in case of charm ?

ZEUS Coll., "Dijet Angular Distribution in D* Photoproduction at HERA. Paper 499,
EPS HEPO1, Budapest, Hungary, July 12-18, 2001.

What can we learn from this ??
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Dit i s Ditoproduction. R
¥ ﬁ Define direct photon xy°b3> 0.75
1"

resolved photomyObS <0.75

—TC
_,_é g-exchange do/d|co®*| [(1 — [co€*])™
p

g-exchange do/d|co®*| O(1 - |co8*|)™
(Rutherford scattering)

Direct—y: y—g fusion Resolvedy: gg - ¢ C

Jet
o
P

>

Jet
0" = center of mass scattering angle

Resolvedy: ¢ excitation

gq-exchange g-exchange Expected dominant resolved photon
processes are vig-exchange
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Monte Carlo generators

@ PYTHIA, HERWIG (ISR, ME, FSR)DGLAP
e CASCADE
[ISR(CCFM) + BGF + FSR(From PYTHIA)

boson gluon fusion resolved photon };1 - factorization

charm excitation
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D* dijet eventsenable study gbhoton structure ZEUS
in particular itscharm content. > o

E 350 _ + e ZEUS (prel) 1996-2000 (119 ph™)
Sample Used Photoproduction with a reconstrucie — Fit: Gaussian + AAM - m,)"

----- Backgr. wrong charge

D* and at least 2 hadron jets §300
-
: D o £ 250
# Require D* with p~ > 3.0 GeV,j~ | < 1.5 -g
% Dijets E* > 5 GeV, fj* | <24,M >18 GeV O
[EPS 2001 PAPER 499] 150 |
100
Kinematic region : -
&< 1 GeV ME o
130<W<28OGeV 0||||||||||||||||||||||||
W 0.14 0.145 0.15 0.155 0.16 0.165

AM = M(K7n) - M(K7) (GeV)
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- 1) First indication of charm content of 2.4

photon can be obtained by studying ... %

<

Fraction of photon energycontributing to the g
| 3

production of two highest E jets.
—n
Xobs_ ZjetsET €
— 2
Y
2yE,

# Bothdirect and resolved fractiomse significant

# Dominant part of theesolveds from '‘charm
content of the phot8rt—excitation

# Significant reduction oResolved eventsbserved
due toHard Cuts M> 18 GeV, |n|<0.7

# PYTHIA, HERWIG and CASCADEN general
can reproduce the shape

® ZEUS (prel.) 1996-2000

— PYTHIA
HERWIG
------ CASCADE

-7] PYTHIA: Resolved

ep — D+ dijets + X

My > 18 GeV; Inl < 0.7

ResolvedB6%

Direct
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= 2) Observation of g—propagator in resolved events.

ZEUS . R
= - cod = tanh(0.50*" —n**¥))
@15 - e ZEUS (prel.) 1996-2000 i . o _
g i 0 = angle between jet—jet axis and beam
= — PYTHIA ep—D "+dijets+ X . L ..
= ---- HERWIG L 1 direction in dijet rest frame
5 M, > 18 GeV ; [n| < 0.7
= 1} == CASCADE {1 -
k i
=

¢

x.y“'“ < 0.75

=
tn
T

s @Resolved distributionises strongly
athigh |co§'|, signature of g-
exchange

Vo (all

@ Direct distribution shows a

i shallowerrise, consistent withy—
i ' “—. exchange
- """:""““'i—' [ -’

0.5 :’:if """ e &
0%  oGeneral trend by all the three MC to
reproduce the DATA shape

L1 1 1 I 11 1 1 I [} 11 1 I | I I ] i 1 1 I 11 1 | I 14 1 1 I i1 4 | I 1
0 ] 0.1 02 03 A0 0.5 06 0.7 08
lcos® |
g—exchangedo/d|co®*| (1 — |co8*|)™
g-exchangedo/d|co®*| (1 — |[co8*|)2 A clear signature of g—exchange
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-+3) Study of various sub—processes with charm

Just from Matrix elements
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ZEUS Match the jet with a D* inr{—¢) space
% .
% 1+ e ZEUS (prel.) 1996-2000 4 Define:
- _— *+ .
_g I o II—)IEI;JIE;I’IAG ep — D "+ dijets + X Jet (1) ©* Jet
S Lt e CASCADE M;; > 18 GeV ; n| < 0.7 Jet (2) = other Jet
5= T [ PYTHIA: Direct
w (.5 - — »w%
L] ¥
ONP‘ X$bs < 0.75 g
: Rigps
== - F-- f
g 0 L1 7 Lt -' ni— "" L MT-ET-I- —t |=.' R P
l i obs K T<I.1
> 0.75
A y A
] PYTHIA: Resolved
q ; [5
0.5 i
. Contribution ofLO resolved to
xyOBS> 0.75 explains the asymmetric

0 distribution in co§’

-0.8 -0.6 -04 -0.2 0 0.2 04 0.6 0.*8
— Photon direction Proton direction €OS®

Clear evidence of charm content of the photon
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© HERA provides wide spectrum of charm flavoured jet measurements

o Measurement of Pis consistent witfuniversality of charm fragmentation.

@ Angular distribution of direct and resolved photon events are significantly different,
reflectingdifferent spin of gq/g propagator.

@ Steep rise towards high |&5kof resolved eventsl signature of gluon exchange

@ Mild rise ofx ”*>> 0.75is consistent withj-exchangas predicted by QCD

@ Measurement of unfoldexb<$*, with aD* tagged to a jgigives a clear peak in the PHOTON

direction (lear evidence of charm in pho)on

A lot of interesting measurements related to charm fragmentation and charm content of t
photon is going to come soon from HERA.
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