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STRANGE AND CHARMED PARTICLE PRODUCTION AT

MID-RAPIDITY WITH THE HERA-B EXPERIMENT

Andrej Gorisek for the HERA-B Collaboration

University of Ljubljana & Jozef Stefan Institute, Ljubljana

Quark Matter 2004, Oakland, 15 January 2004

[ HERA-B spectrometer/experiment
[1 Data sets
[0 Physics program with MB data

[1 Results - production of:
Strange: K2, A, ¢, K*°, hyperons, pentaquarks
Charmed: D°, DT, D**
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HERA
B

20073 The HERA-B Spectrometer

HERA-B experiment on HERA storage ring at DESY, Hamburg, Germany
Fixed target experiment (using beam halo)

920 GeV p energy (v/s = 41.6 GeV)

Angular acceptance: 15-220 mrad (bending plane), 15-160 mrad (vertical)

(N I [ By B

]

Target: 5 different materials (C, Al, Ti, Pd, W)
8 target wires ' ECAL
steered individually

[ Tracking:
VDS (Si strips, pitch ~50 pm)
main tracker (OTR+ITR)

Magnet: [ B dz = 2.13 Tm

Excellent particle ID:
RICH: identification of 7w, K and p
ECAL.: identification of e
MUON: identification of 1

220 mrad

O
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Two data taking periods:

HERA
B

Data sets

[1 2000 - first data with fully operational spectrometer
[0 2002/2003 - main data statistics obtained

Data were taken in two modes:

[0 J/4 triggered data:
J/v — pp and ee (see talk by J. Spengler and posters by M. Villa and W. Gradl)
~ 150M events

[J Minimum bias data: presented in this talk

Interaction 'trigger’: selecting only non-empty events (with hits in RICH or ECAL energy
above threshold)

data taken with 3 different target materials (C', T% and W)
approximately 210M events
DAQ logging rate: 1000 Hz (1.7 TB/day)
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q&ﬂ Physics program with MB data -

[ wide range of signals reconstructed

[ strange particle production:

KYand A
?(*0 —(poster by M. Symala & C. van Eldik)

hyperons —(poster by T. Zivko)

pentaquark search —(poster by K. T. Knopfle)
[1 charmed particle production:

open charm signals: D°, DT, D**,...

[1 many other topics: double particle production, A polarization, Bose-Einstein correlations,
glueball, exotics...

In many topics mentioned above first preliminary results (based on 2002/2003 data) are already
available and will be presented in this talk.
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g&ﬂ K/ and A @

Results based on 2000 data (published in Eur.Phys.J.C 29, 181-190 (2003))
. . Ratio of A over A @ mid-rapidity determined:
Reconstructed 77—, pr~— and px™ invariant @ pidity
Mmasses: e
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~2.4M randomly triggered events -
y gy do(A)/do(A) = 0.66 + 0.07
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K? and A cont.

HERA
B

Signal was reconstructed using different target
materials (C, Al, Ti, W):

1037 3
10° .
f 0, =9.0+/-0.3 (mb) ]
Il ‘ Il Il Il Il Il Il Il Il ‘ Il
10 3 ; T ‘ T T T T T T T T ‘ T 7:
A A .
S
2
g 107 .
o i O,y=4.3+/-0.2 (mb)
Il Il Il Il Il Il Il Il ‘
T T T ‘
A
102 ¢ .
=1.4+/-0.1 (mb
10 —1 I O’pl\‘l I L \( | ) —

2
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A
o = o0pgA°

Data of 2002-2003 with more than 100 times larger
statistics are being analyzed.

Xlo2_|||||||||||||||||||__
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HERA
B

¢ and K*V

g 1800)(‘10 0 B 3 7000
Data of 2002/2003: 5t KE-Km |13 | ﬂ
1600 Carbon target @ L . K+K_
[ 57 x 10° events § 8000 E:P bon-T t
O ~ 50k ¢ — KTK~ reconstructed 1 S s
(both K identified in RICH) : 5000~ gyield: 16308 + 37
1200 +
0 ~530k K** - Ktn~ +c.c. I
(K identified in R|CH) 1000F 40001
[1 signals reconstructed on 7 -
. . 800 L
3 different targets (C, Ti and W) - 3000f
600- i
We expect to measure: - 20001
[ total production cross section 400} ;
[J A-dependence (« parameter) K* yield: 187680 + 1758 1000
. . . . . 200 r
[ differential distributions i i
2 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 71\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
(dO'/de, da/dy) 0 0.7 0809 1 11 12 13 14 15 16 1 1.021.041.061.08 1.1 1.121.141.161.18
[l o = O‘(pCZZ“) m,. [GeV] M [GeV]
— See poster by C. van Eldik & M. Symalla
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¢ and K* cont.

do X (1+%)_B

Preliminary result on differential cross section
Parameterization:

[1 Cronin effect observed
(o > 1 for large p2)

107

10°E

1
10

10° E I
E 11 I 11 1 I 11 1 I 11
2 4 6

P2 [GeV’]

material B O+ B
C 4.32 £0.31stat | 6.02 & 0.185¢at | 6.10 £ 0.224¢a¢
Ti 4.29 £ 0.34stat | 5.83 £ 0.235tat | 5.23 £ 0.254¢at
W 4.34 £ 0.23stat | 4.42 £ 0.115¢a¢ | 5.31 £ 0.19g¢at

1

2
dp7
Rt 0 I 103“’;
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Hyperons

7000 7 A D
P = — /N\TT BG
6000
Hyperons decaying through A were seen: oo N= 10k
- F m=1.322 GeV/c®
hyperon reaction num of rec. ol 0=264 Mevic’
4000 |-
=+/- =~ - An +cc. ~19000 w0l
Qt/- Q- - AK~ +c.c. ~1250 a0 |
=9(1530) | 2°(1530) — =7+ + c.c. ~2800 1000 |
0: ‘—""‘F‘i‘ T Ty
12 1.3 14 15
m(GeVi/c?)
. F 2250 F
Program: | _ “r o™ L AK M ee woo | Z/=(1530) > =10 [ e
[1 measure the production cross section 500 e el _
+ A-dependance m=1672 GeV/c? 7 m=1.533 GeV/c?
. . . 400 |- 0=3.04 MeV/c? 1500 ¢ 0=10 MeV/c?
[] differential cross section do/dx g ; | 1250 |
00 asymetry in producing the hyperons ™| | 1000 |
and anti-hyperons 22 o :Z
xr dependance 100 [ N |
Analysis still ongoing. » A\ .
See poster by T Z|Vk0 16 17 1.8 21.9 14 15 16 17 21.8
m(GeV/c") m(GeV/c?)
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Hyperons - cont.

16000 |-
14000 |
12000 ;
10000 |-
8000 |
6000 ;
4000 |

2000

15000 | 5/3(1385) - ATL [ |eo

RN m.ummu o Pl s ik fuch P i
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counts / 4 MeV/c?

1000

800

600

400

200

Nigz0” PK™

|
15
Mass (GeV/cz)

counts / 4 MeV/c?

600

Other hyperons signals reconstructed (X7 (1385), X~ (1385), A(1520) and A(1520)):

400 -

200 -

Niszo” pK”

1 L
1.5 1.6 1.7
Mass, (GeV/cZ)
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Pentaquark search at mid-rapidity

HERA
B

pK? invariant mass

=9(1530) — =~ 7t signal —

—

=" 7 +C.C. Invariant mass
no evidence for
=-—/++(1862) —

— poster by K. T. Knopfle

no indication of ©(1530) —

1250 |
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=Emmass, GreV/c2

strong signals of:
A(1520) — pK~—
=9(1530) — =~ 7+

no evidence for
©1(1530) or =~ —/*+(1862)

sensitivity in br - do/dxp at
mid-y better than:

5ub/nucl. (©7(1530))
10pb/nucl. (2~~/+1(1862))

ratio:
©1(1530)/A(1520) < 0.002

=++(1862)/2°(1530) < 0.04
(95% C.L.)
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Open-charm - Introduction

HERA
B

DY - K—nt +c.c.

Dt - K—ntnt +c.c.
D*t — D%t - K—ntnxtT 4+ c.c.

DY — K7t +c.c.

50

, N=134+15 ,
a3 m=1864+3 MeV/c
20| 0=243 MeV/c”

1.74 |

m(GeVi/c?)

[1 Open-charm signals observed in:

Dt - K—ntnt +c.c.

30
2|
2of
15f

10 |

N=73+9 )
m=1866+3 M e\2//c
0=19+2 MeV/c

m(GeV/ c2)

D*t — D%t - K—ntnT+c.c.

14y

12

10

00 Preliminary results on total production cross section for D° and D

<. . . = MKar —MKx — My
00 Preliminary results for production ratio D+ /D° 1 K K

iy

N=18+5 )
g=5.7£0.2 MeV/c
o fixedtoMC

0.01 0.02 0.03 0.04 0.05

q(GeVic?)
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\“ )/“ Open-charm - data analysis :

To select events the following selection criteria were used:
[1 Event selection: >1 prim. vertex reconstructed
[1 Particle ID: identification of K and = in RICH
[0 Kinematical & geometric cuts:

DY D+
Xy range —0.1 <2y <005 | -0.1<zr<0.05
vertex prob(x?,ndf) > 0.01 > 0.01
distance significance > 6 > 10
D impact par. significance <3 <3
K impact par. significance * > 4
7 iImpact par. significance * >4 >4

* if several primaries, the minimal value of significances was taken
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[1 Cross-section:

Np
E'bT'ZAiLZ"

HERA
B

Open-charm - efficiency

op —

> AL =10794ub™"

accessible x.

(o« = 1 assumed)

103}
[J MC used for efficiency determination :
PHYTIAS5.7 - pN — QQX ,
FRITIOF 7.02 - the remaining part 10°
0 Efficiency for D — K~z ol
overall: 0.58%
main losses: analysis cuts
— detector acceptance (~13%) v o5 1
— detached vertex (~10%)
Xr
[0 Accessible kinematic range: zp € [—0.1,0.05]
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Open-charm - distributions

HERA
B

2001
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Open-charm - cross section & ratio

HERA
B

Preliminary results for D and D™ production cross section and their ratio @ HERA-B obtained

total (full =)
o (D) pb/nucl

—0.1 <zpr <0.05

56.3£8.54t4t £9.56yst

O'(D+) Mb/ﬂUCl 30.2 £4.5 stati5-88yst

21.4 + 3.2 g0 +3.64y

Quark Matter 2004

11-5 :l: 1-7 StatiZ-Zsyst
R(D*/D% | 0.54 + 0.11 o+ 0.1,
9 9
3 HERA-B \3/_
7o ;9 pp - D'/D”
CQ;OD QOD Xg>0
10 . 10 b NAL6 E743 HERi—B
CTEQ6D (2002) CTEQ6D (2002)
1 %?Tﬁggg;) 1 ﬁfﬁgﬁ?ﬁ)
] GRVOBHO (DIS) ] GRVOBHO (DIS)
GRVIBHO (VS) 1 GRVIBHO (VS)
AL L AL I L LN IR IR _r|||||
15 20 25 30 35 40 15 20 25 30 35 40
\Is (GeV) \Is (GeV)
Reference: C. Lourenco and H. Waohri, private communication
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[0 Presented published results on K? and A production based on 2000 data.

HERA
B

Summary

[ Presented preliminary results based on data form 2002-2003
s: ¢ and K*V differential cross section
s: a(p?) for ¢ and K*°
s: limits on pentaquark production
c: D' and DT production cross section
c: production ratio R = D°/D™*
[ Presented signals:
s: hyperons (2+/—, Q1/—, 2°(1530), ©1/£7(1385), A/A(1520))
c: D**

[1 On all topics the analysis is still ongoing

Outlook:
[ finalize analyses
0 K2 and A 2002-3
[0 production cross sections (¢, K*°, hyperons, D**, .J/1,...)
1 A-dependence
[1 asymmetry (hyperons, open-charm,...)
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