Open Charm production in DIS at HERA
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OUTLINE

e Introduction

— The ZEUS detector
— ZEUS kinematic region

e D*in DIS at Q2 > 1 GeV?

—  Cross sections HERA-T 98-00
—  New HERA-II data 2003-2005

e D* in Photoproduction at Q% ~ 0 GeV?
—  One plot results HERA-I 98-00
e D* in DIS at low Q? <1 GeV?

—  Cross sections HERA-T 98-00
— Combined plot

® Summary
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ZEUS detector

e HERA is the storage ring which provides collisions between
920 GeV protons and 27.5 GeV electrons or positrons; /s ~ 318 GeV.

e ZEUS is multi-purpose detector with main componets: MVD - microverter de-
tector, CTD - central tracking detector, FDT,RTD - forward and rear tracking detector,
FCAL,BCAL, RCAL - forward, barrel and rear calorimeter, FMIUO,BMUQO,RMUQO -

forward, barrel and rear muon detector.

§ Zeus Run 47350 Event 135 date: 21-01-2004 time: 23:08:17
E=32.22 GeV E,= 855GeV E-p ,= 16.80 GeV E;=21.86 GeV E,= 1.91GeV

E,= 8.45GeV p,= 1.05GeV p=-1.04 GeV p,= 0.17 GeV p,= 15.42 GeV

phi= 2.98 t,=-1.02 ns t,=-3.20 ns t,=-1.29 ns t= -1.19 ns
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Charm Production at HERA

Charm quarks are produced -copi-
ously in e®p collisions at HERA and
have been studied using D** mesons.

The (x,Q?) kinematic plan shows the
regions reachable for ZEUS:

1. DIS (1.5 < Q? < 1000 GeV?) re-
gion available with ZEUS Ura-
nium Calorimeter (UCAL).

2. PHP (Q? ~ 0 GeV?)

3. Transition region between PHP
and DIS (0.05 < Q? < 0.7 GeV?)
(BPC-9800) can be reached with
the Beam Pipe Calorimeter -
detector covers small area near
beam pipe,
UCAL.

not reachable by

- E= ZEUSD* 2003-05
- [] ZEUSD* 1998-00
- [ ZEUSD* BPC 1998-00
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D* in DIS (1.5 < Q% < 1000 GeV?)
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DIS event selection in HERA-II
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D* candidates:
e D" — D'rf with D* — K
® pr(7ms) > 0.12 GeV
e pr(K,7) > 0.4 GeV
e 40 < < 60 GeV

Kinematic variables:

® Q2 =2E "E.(1+cosO,)

®y = %e (1 —cos©,)

@)=y, Fi(l —cos©)

Kinematic Region:
e 5 < Q?<1000 GeV?
e 0.02<y<0.7
e n(D*)| < 1.5
e 1.5 < pp(D*) <15 GeV
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D* Signal in 2003-2005 data
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DIS D* cross section ratio

ZEUS
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Results suggest very strongly that observed e™p/e p excess in HERA I at high Q2
was a statistical fluctuation.
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Charm in Photoproduction
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Charm Production in transition PHP — DIS region

e Charm production occurs via direct and resolved processes.
e Charm in DIS (Q? > 1.5 GeV?) dominated by Boson Gluon Fusion (direct)
e Significant resolved contribution to charm photoproduction (Q? ~ 0 GeVQ)

e It is interesting to investigate the low ()? transition region between PHP and DIS.

e Does NLO QCD model still describe the data ?
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Beam Pipe Calorimeter in ZEUS

e Beam Pipe Calorimeter (BPC) — the detector for low-Q? physics.
e BPC covers the range 0.045 GeV? < Q? < 0.7 GeV?

BPT
. Beam Pipe
Tracker

- 1832mrad  #~ -<

Beam Pipe 7
Calorimeter

: AE _ 1%
e Energy resolution 5 = i

e Spatial resolution ~ 1 mm

BPC-South _

X

Figure:Zeus Note 99-056

y /,/Scattered positron

X
Z |nteraction point
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Event Selection

e Data from 98-00 (£ ~ 82pb1)

e BPC cuts: ZEUS

(n —I 1 1 1 1 I 1 1 1 =
>0.05 <y <085 ngO C e ZEUSDISBPC (prel) 98-00  _]
> 0.05 < Qz < 0.7 GeV? -% E |:| wrong charge l E
> 35 < E — p; < 65 GeV gloo B Gauss + bkg fit l'[
e D" cuts: g 80:— '
> pr(D*) > 1.5 GeV © o
> |n(D*)| < 1.5 [
> pr(m) > 0.12 GeV 401
> pr(K,7) > 0.45 GeV 203_
e Clear D* signal observed
O - 1 1 1 1 | 1 1 1 1 ] 1 1 1
e Unbinned maximun likelihood fit 0.14 0.15 0.16
used for number of D* M ..-M.. (GeV)

e Fit to AM signal gives 253 4+ 22 D*
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Total Cross Section

e Total Number of D* = 253 + 22
e Luminosity = 82.2 pb™!
e Kinematic range:

> pg(D*) > 1.5 GeV

> n(D*)| < 1.5

>0.05 <y < 0.85

> 0.05 < Q? < 0.7 GeV?

e HERWIG and RAPGAP used
for acceptance calculation

Measured cross section:

0=101+£10 % nb

HVQDIS cross section:

oc=286 *13 nb

e HVQDIS is NLO pQCD calculation used
for comparison with data:

> ZEUS NLO pdf used with:
M. =1.35 GeV

> Renormalization and factorization scale:
p?=(Q% +4M7)

> Peterson fragmentation parameter:
e =0.035

e also varying 3 parameters:

> scale:
1/4(Q? +4M?) < 12 < 4(Q? + 4M?)

> mass of charm quark:

1.2 GeV <M, < 1.5 GeV

> fragmentation:
0.02 < € < 0.005

July 22nd 2005
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do/dQ? (nb/GeV?)

BPC D* differential cross sections

ZEUS

7
. ZEUS DIS BPC D* (prel.) 98-00

HVQDIS, M=1.35 GeV, ZEUS NLO pdf fit

HVQDIS, M_=1.30 GeV, CTEQSf

=
o

da/dp,(D*) (nb/GeV)
(IR
Q

=

+of

ZEUS DIS BPC D* (prel.) 98-00 E —
HVQDIS, M_=1.35 GeV, ZEUS NLO pdf fit

HVQDIS, M=1.30 GeV, CTEQS5f

2 3

4 5 6 789
p(D*) (GeV)

do/d

do/dn(D*) (nb)

ZEUS

N
o
TTTTTT

PR
o g
IIIIIIIII

T I T T T I :
ZEUS DIS BPC D* (prel.) 98-00 =

HVQDIS, M_=1.35 GeV, ZEUS NLO pdf fit]

HVQDIS, M_=1.30 GeV, CTEQS5f -

ZEUS DIS BPC D* (prel.) 98-00

HVQDIS, M.=1.35 GeV, ZEUS NLO pdf fit__

HVQDIS, M_=1.30 GeV, CTEQS5f

.O 1.

n(D*)

July 22nd 2005

14

S.Fourletov



HEP2005 Open charm production at HERA

Comparison BPC D* cross section with D* DIS

ZEUS

° ZEUS DIS BPC D* (prel.) 98-00
1 0-3 v ZEUS DIS D* 98-00

HVQDIS, M_=1.35 GeV, ZEUS NLO pdf fit
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NLO pQCD describes charm production in DIS over 4 orders of magnitude in (Q?
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Summary

e HERA-II data:

> no difference observed in D* rate for ¢ p and e"p collisions

e Measured D* Production in new kinematic region:
> Measurements of charm in transition region between DIS and PHP

> Extends previous results in DIS to lower Q2

e HVQDIS calculation produces a good description of the measured data:

> Combined with DIS measurements, see agreement over 4 orders
of magnitude in Q? between data and HVQDIS
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