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Strong Interactions

* high energies, < 10-'°> m: gluon exchange
- perturbative QCD calculations

e moderate energies, >10-1°m
- non-perturbative QCD

= meson exchange
- effective description
of nucleon-nucleon
scattering at
COSY energies
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The Cooler Synchrotron COSY
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The ANKE Experiment

Apparatus for Studies of Nucleon and KaonEjectiles
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The ANKE Experiment

Apparatus for Studies of Nucleon and KaonEjectiles
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Main Activities

Kaons in Medium

e subthreshold K* production
- pPA—K*Y ; A=D,C,Cu,Au,Ag...

e K* correlation studies
- pA—K*(p,d,t)Y ; A=D,C,Cu,Au,Aq...

d break-up / charge exchange

* pd—n(pp)s

meson production close to threshold

e dd—an
* nature of the a, and f,
- pp—da,* ; pn—da,/f,

e compakisQn of isospin channels 1=0,1
oo oo (e



Motivation

* predictions for pure T _
isovector exchange [ prdn .
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 Only pp—ppw has been studied!
- measurements of pn—dw at ANKE!
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Detection Principle

Idea d

spectator

* measure pn—dw
- using pd—pg,dw

Method
* detect the “spectator” proton
- reaction on an | (n)
effective neutron target
- fixed kinematics in pn (i.e. vsand Q) : ®)

* detect the deuteron (~2 GeV/c)
- ldentify the ® meson by missing mass



Experimental Set-Up
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5mm 200-
strip detector
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Silicon x
Telescope

300um 32-
strip detector

* AE/E identification: . ﬁ ) \.1_
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© 2 | barrier detector |
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beam
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Ist layer 2nd layer 3rd layer
Silicon detector type Surface barrier Implanted Lithium-drifted
Sensitive thickness 60.9 um 306 pm 5.1 mm
Entrance window [Si-eqv.] (um) 0.08 <l1.5 <1
Exit window [Si-eqv.] 0.23 pm < 1.5 um <1 mm
Active area (mm?) 450 32 x 15 47 x 23
Segmentation 1 32 200
Pitch I mm 235 um

Noise (keV) 100 70 80







Detector Tests at the Cologne University

* dedicated test set-up and beam time
- protons with 1-20 MeV
- small, precise and
well defined beam
- count rates <103 p/s
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Some Results from Cologne
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energy in 60um Si [MeV]

250y

o
(=]

—
(3

—h
o

0.5

Particle Identification in the Telescope
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Particle ldentification in the Forward Array

2 GeVic deuterons from a 100 times higher p background

forward setup (partially) energy loss in the hodoscope
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First Look at the Data

26 MeV above threshold
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Missing Mass Below the o Threshold
pn—dX events

e use pn—d(Nmn) to
describe our data

(o) =4 (1-2)" (22)"

S S

- parameterisation
of the E dependence
of pp—d(Nr) to
obtain p,and p,

-get Afrom afit to
our data
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Data Below and Above
the Threshold

* Consistent description
of the background at all
energies

- evidence for an
o signal at 2.9 GeV/c

- more model dependent
result at 2.8 GeV/c
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SPESIII Approach
pn—pX events shifted kinematically to 2.9 GeVI/c
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Using pn—dX Data .|

- w mass found to be
780 = 8 and :
787 + 4 MeV/c? e
- extracted cross
sections agree with oo
those from the
first approach
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Resulting Cross Sections
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- pn — do predictions
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Cross Check
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| "'. 2.5MeV ,66-52mm’, ~0.4mm pitch
o 300um, AE < 6.2MeV ,66-52mm’, ~ O.4mmpitch\_\/\f_.-

1500m, AE < 6.2MeV, 66-52mm’, ~ 0.4mm pitch g
SSOOum AE < 4OMeV 64 - 64mm ~ 0.7mm pitch
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e 4 telescopes
- ready in 2005

 ABS polarised
target
- installation in
summer 2005
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Abstract

A telescope of three silicon detectors has been installed close to the internal target position of the ANKE
spectrometer, which is situated inside the ultra-high vacuum of the COSY-Jiilich light-ion storage ring. The detection
and identification of slow protons and deuterons emerging from a deuterium cluster-jet target thus becomes feasible. A
good measurement of the energy and angle of such a spectator proton (p,,) allows one to identify a reaction as having
taken place on the neutron in the target and then to determine the kinematical variables of the ion—neutron system on
an event-by-event basis over a range of c.m. energies.

The system has been successfully tested under laboratory conditions. By measuring the spectator proton in the
pd —pyydn” reaction in coincidence with a fast deuteron in the ANKE Forward Detector, values of the pn—dn’ total
cross-section have been deduced. Further applications of the telescope include the determination of the luminosity and
beam polarisation which are required for several experiments.
© 2004 Elsevier B.V. All rights reserved.

PACS: 2540.Fg; 25.40.Ca; 29.40,Wk; 29.20.—¢
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Abstract. The first measurement of the pn — du total croas-section has been achieved at mean exces
energies () == 25 nnd 67 MeV by using n desterium cluster-jet targe. The momentum of the fast deteron

was measured in the AN

[ spectrometer at COSY.Jiilich and that of the slow Sspectator” proton (peg.)

froam th pud — gl ronctivnn in o silicos b prlaced el Lo the target. The et lin aboe

thoss measured for pp— ppw but ssem to be below theoretical predictions.

PACS. 25.40.Ve Other reactions above meson production thresholds (energies =+ 400 MeV) - 25.40 Fg

liwelastic peutron scatlering = 14.40.Cs Other mesons with § = © = 0, mass <

1 Introduction

The lnst few yenrs hove seen severnd messurements of g
production in nuckon-meln collision [1] but ndatively
Few of w production [2,3]. The S-wave amplitude in the n
cuse b strony and the total pp e ppmy crosseetion lnrgely
follows phase space modificd by the pp finel-state ke
tion up to an excess energy Q@ = 5 — T, mp = 60 MeV,
though ther & some evideneo for an gpp foabstate o
hancement at very low @ [4], Here /7 is the total centre-
of-mass (c.m.) energy and my are the masses of the
particles in the final state. CQuasi-free n production n
protan-peutron eolliins b hoen mewsansd by deteoet
ing the photons from 5 decay and it is found that for
6} <« 100MeV the cross-sectlon ratle H = aa(pn —
Pl eee(pp — ppy) = 6.5 [5. Now the dn final state
is pure iseepin T = 0, wherens the ppm is o mixtune of

Oand I = L Up to @ = 60MeV the cross-section for
pn — dy Is larger than that for pn — pnn [6], and this can
be understood quantitatively in terms of phase space in a
largely model-independent wuy (4], Tn all e produe
tlon reacthons It bs important to have data on the different
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Gel'

peesibile Faepin combinntions in onder W eonstrnin theo
retiend models Tt is thisrefone interesding o s windber
a similar isospin dependence is found for the w, the next
heavier isoscalar meson.

Unlike the n case, the w-meson has a significant width
{8.4MeV/¢*) and 5o § is here defined with respect to the
central mass value of T82.6MeV (c? [T]. The pp — ppu
todal eross-section bas been measured st Gve energies in
the muge 4 = @ < MV nt the SATURNE SPESIT
spectrometer [2] and at @ = 92 MeV ar COSY-TOF (3]
where, in both cases, the w was ldentified through the
missing: s techniques The energy dependence deduced
is mther similnr to that of e g, exeept it e ploss
space and pp final-state interaction have to
over Ll finite wowidtls, w fenture which becomes importaot
elerar to ther noainal theesbeld [2].

Attempis to measure the np — du reaction using a
neutron beam are complicatad by the intrinsie momen-
twm sprowd, which s typicully 7% FWHM ewen for o

stripgiad deuteron esnan [8]. The alterontive is o ese a
" 5

arget Iy measure t
of the struck newtron. This s made possible by detect-

innge U very Jow-mnnementum ool grotons, < M0MeV e,



Conclusions

- spectator detection and pn tagging
- luminosity monitoring

- polarisation measurements

- vertex detection

- n production (WASA) suggest isovector dominance

- first cross sections obtained for w production
indicate a different situation here

- more measurements to follow...

- only the comparison of several channels can shed
light on the production mechanisms





