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Search for Pentaquark States
in the COSY-TOF Experiment

Motivation
Experiment
Results

pp — Z'K’p
pp — AK'p

Future plans

pn — AK%p

pp — Z'K’p

Summary



Strangeness production at COSY-TOF: pp —» KYN

Information: dynamics + structure — degrees of freedom

Meson Exchange Model

N’ resonances

final state interaction

Experiment:

e exclusive observables
polarization: Hyperon-polarization, polarized beam

» full phase-space — Dalitz Plots
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e threshold region — only few partial waves

Comparison:

e different reaction channels : Y =A, 2°, 27, (%)

e different hadronic surroundings
—> datafrom yp —» K'A ELSA, CEBAF



Strangeness production at COSY

Reaction Vs p(Thresh.) Euin(Thresh.)
(GeV] [GeVie] [GeV]
= | pp > K'Ap 2.548 2.339 1.582
-=¥»| pp > K'Z'n 2.622 2.560 1.789
-~ pp > K 2.624 2.566 1.793
—>» | pp > K'Zp | 2.625 2.569 1.796
p K'Anp | 2.549 2.338 1.583

Test
p ®—> K“:\pp 2.552 2.347 1.590
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Data on hyperon production
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Exotic Anti-Decuplet of Baryons:

Prediction from Chiral Solitons

H. Wasel | H Walbisey and othees

Dmitri Diakonov®, Victor Petrov® and Maxim Pulxaknv"f 1
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Vnst. fiir Theor. Physik If, Rubr-Universitdt Bockum, D-4{750 Bochum, Germany

Abstract

We predict an exotic £% barvon (having spin 1/2, iscspin 0 and strangeness +1) with a
relatively low mass of about 1530 MeV and total widt
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. It seems that

this region of masses has avoided thorough searches in the past,
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Table 5. Predictions for masses and total widths of the members of the anti-
decuplet and possible candidates for these states

T Y Mass Width Possible
in MeV in MeV candidate
__Zj_ 0 2 1530 135, —_
Nﬁ 1/2 1 1710 (ingut) ~ 40 NO710)Py,
‘Sﬁ 1 0 1890 ~ 70 X (1880) Py
E3/2 3/2 —1 2070 > 140 =(2030)?

n—pucleon
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Subject: Re: Z+

Date: Mon, 13 Oct 1997 08:22:29 WETOWET DST
From: Wolfgang. Eyrich@Physik. Uni-Erlangen.de
To: eyrich@Physik.Uni-Erlangen.de

CC: eyrich@Physik.Uni-Erlangen.de

Return-Path: <maximp@hadron.tp2.ruhr-uni-bochum.de>

Received: from hadron.tp2.ruhr-uni-bochum.de by merlin.physik.uni-erlangen.de
(MX V4.2 AXP) with SMTP; Wed, 08 Oct 19987 17:12:45 WETOWET DST

Received: by hadron.tp2.ruhr-uni-bochum.de (AIX 3.2/UCB 5.€4/4.03) id AR20637;
Wed, 8 Oct 1997 17:12:18 +0200

From: maximp@hadron.tp2.ruhr-uni-bochum.de {(Maxim Polvakov)

Message-ID: <9710081512.AR20637@hadron.tp2.ruhr-uni-bochum.de>

Subject: Re: Z+

To: Wolfygang.Eyrich@Physik.Uni-Erlangen.de

Date: Wed, 8 Oct 1897 17:12:18 40200 (DFT)

In-Reply-To: <009B&F09.265A8612.926@Physik.Uni-Erlangen.de> from

"Wolfgang.Eyrich@Physik.Uni-Erlangen.de" at Jul 8, 97 09:24:07 am

¥-Mailer: ELM [version 2.4 PL23]

MIME-Version: 1.0

Ceatent-Type: text/plain; charser=US-A5CI1

Zontent-Transfer-Encoding: Thbit

Conbent-Tength: 6282

Dear Wolfgang,

prebably you heard in Vancouver that Jim Napolitano
from Troy (USA] analyses old SLAC data on Kip--2piKN

to search for exotle Z+. Now they put upper limit on
production cross section at the level of 10 microbawn,
which i1z still highear of our thecretical estimatres
abeout 1 microshbarn. Now I started sgain to think about
possibility to search Ffor Z+ in other rsactions, like
you de at Juelich, Also I have & lot of guestions about
kaon beams in gsneral.

Would it be possible to meet sach orther T I am still
in Bochum, unfortunately I de not have around sxperts
in sxpsriments. It would be extremely beneficial for
me to have a discussion with vou.

411 the best, Maxim



Baryon Excitation in K*p Reactions

J. Napolitano, J. Cummings, and M. Witkowski
Department of Physics, Rensselaer Polytechnic Institute, Troy, NY 12180
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Figure. 5. Distribution of K™ n mass in
the reaction Ktp — mEagpK 0. iI‘he
curves show the expected distributions
based on the mass, width, and cross sec-
tions for Z+=baryon production and de-
cay in this reaction. See the text for de-
tails.
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COSY Time of Flight Spectrometer

Set up with one barrel




COSY-TOF Detector Setup 2000

- K

:
[

1
3Am| 47m

large angle (non-magnetic) spectrometer

modular vacuum vessel

miniaturized target

startdetector systems (2n, n/n’, Bremsstrahlung, Hyperon )

stopdetector system  ( Central-, Ring- and Barrel-Hodoscopes )

neutron wall

\?V\?l‘tf\?“t?

central calorimeter






Scheme of '98 setup
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A intermediate
pp— KAp
E np fiber hodoscope
fiber_hodoscope
K
"starttorte”
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P
beam | flight path
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straight
2x12 wedges 100 rings  2x96 fibers 2x192 fib 24 left
128 segmenis 24 right

@ start detector optimized for track and vertex reconstruction

® complete geometric reconstruction
e additional information drafied from ToF and dE/dx
® trigger: charged multipilcity 2 — 4



Scheme of '98 setup

quirl
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® start detector optimized for track and vertex reconstruction

® complete geometric reconstruction
e additional information drafied from ToF and dE/dx

® trigger: charged multipilcity 2 — 4



Doublesided Si-Microstrip Detector

7 Cmin =3.1 mm, Fmax = 32 Mm, dcrista = S00 pm

» front: 100 concentric rings

#» back: 128 segments




Scintillating Fiber Hodoscopes

> 2 %96 fibers (x.y), 2 % 192 fibers (u,v)

> Bicron BCF12 (2x2 mm’, single cladding)

» 16-fold Photomultipliers

Hamamatsu R4760
H6568



Recoqstruction of A—Hmerons

mass reconstruction

counts

1500 -

A 1 i L 1 1 I I I
0.8 1 12 1.4

m[GeV/c**2]

pp — K+hp
@ 2.85 GeV/e

Dalitz plot Eﬁ o ¥
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TOF setup 2000 and
measured beam momenta

m
Fing. Hodoscape I
o
| ? |
Caniral Hodoscops l
"u®
1
S.4m u-!
Reaction Momentum [GeV/c] Run
pp — K'Ap 2.59/2.68 /285 1998
2.95/3.20 /3.30 2000 / 2002
pp — K'2'% 2.85/2.95/3.20 1998 / 2000
pp > K'Z'p 2.85/2.95/3.20 1998 / 2000
pp—> K'EZ'n 2.85/2.95/3.20 1998 / 2000
polarized beam:
2.75/2.95 2002
pp — KYN




COSY-TOF:
Scheme of the “Erlangen start detector”
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PP —> Z'K’P  Poeam = 2.95 GeV/c

Cuts on reconstructed masses of £* and K°
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PP = Z'K°P  Pream = 2.95 GeV/c
K°p — invariant mass spectra
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pp = Z'K’D  Ppeam = 2.95 GeV/c
K’p — invariant mass spectrum
efficiency corrected
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Mass: 1530 = 5 MeV/c?
Width: < 22 + 4 MeV/c? (FWHM)

Significance: 4 — 8 o (depending on method)
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pp = K% Poeam = 2.95 GeV/c

Dalitz Plots
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11 Aug 2003

arXiv:nucl-th/0308034 v1

Cross sections for pentaquark baryon production from protons in
reactions induced by hadrons and photons

W. Lin! and C. M. Ko!
{Cyclotron Institute and Physics Department,
Tesas ASM University, Collsge Station, Tezas 778{3-3366, USA
(Dnted: August 11, 2003)
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®* search at COSY-TOF today and tomorrow

pp—> = Kop ++  Ppeam = 2.9 GeV/c
>3 K'n ?-  Dbeam = 2.9 GeV/c

>t AK p + Poeam = 3.2 GeV/c on tape

llllllllllllllllllllllllllllllllllllllllllll

e
pp > AK D ++  Pream > 2.9 GeV/c ontape




>* Production in the Reaction Channel
pp — K'2'n at 2.85 GeV/c

low reconstruction .
efficiency (0,2 %o) P.Schonmeier

TU-Dresden
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Hyperon production in quasi-free

pn-reactions
with D,-target

Investigated reactions:

pn — pK°A pn - pK*Z-
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pn - pK’A
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N(lTlO) Py, 1IP) = (3) status: * k%

Most of the results published before 1975 are now cbsolete and have
been omitted. They may be found in our 1982 edition, Physi

Letters 1118 (1982].
The various partial-wave analyses do not agree very well.
e —— ——
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Dalitzplot Distribution

Data K'Ap @ 2.95 GeV/c
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Influence of N'-Resonances on pp — K'Ap

Calculations from R. Shyam,
R. Shyam, G. Penner and U. Mosel,

Phys. Rev. C 60 (1999)
Phys. Rev. C 63 (2001):
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Projections of the Dalitzplots

295 GeV/c Schroeder 2003 preliminary

|




“More Exotics”

If @ is an isotensor state— search for the partners!

@++

pp > AK' p ++  Ppeam = 2.7 GeV/c on tape

STPAK'D  ??  Doeam>3.2GeV/c on tape

<

pn — = K%n ??7  Poeam 2 2.9 GeVic

®+++

+++

pp—->0® X +  Pheam = 2.9 GeV/c on tape
— ' n
delayed

delayed A-H— +



arXiv:hep-ph/0307019 v2 7 Aug 2003

Interpretation of the ©% as an isotensor pentaquark

Depariment of Physics, Florida State University, Tallahsssee, FL 32306-350, U.S.A.

with weakly decaying partners

Simon Capstick®

Philip R. Page'
Theoretical Division, MS B283, Lus Alamos National Laboratory,
Los Alamos, NM 8755, U.S.A.

Winston Roberts?

Department of Physics, Old Dominion University, Norfolk, VA 29529, U.S.A.
Theory Group, Thomas Jefferson National Accelerator Facility,
12000 Jefferson Avenue, Newport News, VA 23606, US.A.

State
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Quarks | I,
dddds | -2
uddds | —1
uudds 0
uuuds

uuuus 2

Decay modes

nK*, pK*®

nk®°

pK*

Table 1: Quark content, I,, and strong decay modes of © states.

State || Decay mode Pairs || State | Decay mode Pairs
e+ (| prtity Al 1 0" |nn E| 0
prtgt Al 1 na~n° E| 1
prtnllty, P| 1 na~n ity |P| 1
Attty Al 0 A~x° E| 0
Attgyt A 0 A~y 0
|| Att2%ty, (P O I A~ fo(600) |E| O




pp = K'Ap projection on the pK" subsystem
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Summary

COSY-TOF
observed a narrow resonance with S = +1

in the K°p invariant mass spectrum

from the exclusive measured reaction pp — =*K’p
at Ppeam = 2.95 GeV/c

[ —~—r LTl - na_n g1 2

2
YAR At - o Y A R AR P FEVAILAR AN
® Width: < 22 + 4 MeVic” (FWHM)
N
[ PO ! ¥ QU PN, PN | US| S | 1
E significance: 4 -6 ¢ (depending on method )
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Investigation of the N (1710)




Future plans at COSY-TOF

Proposal in March for pn = A K° p - run in 2004

Upgrade of the detector:

1. step (2004): third layer for fibre hodoscope
2. step (2005): additional tracker (straws)

3. step (2007): polarized target
—> parity of ®"
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