_ JThe EDDA Experiment at COSY

Polarized Elastic Proton Proton Scattering
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K. Oleg Eyser
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The EDDA experiment was a small collaboration between University of Bonn,
University of Hamburg, and Forschungszentrum Jiilich.
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JProton Proton Scattering

meson exchange, phenomenological, QCD inspired

Nuclear models » QCD
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J Observables

pi =MpM” p=2 Ps[n)n|

P=Tr(lyp)
pi - pbeam ®ptarget

Pauli principle
Parity conservation
Time invariance

— 25 independent Observables
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— 44=256 possible Observables

Parametrization of M

Helicity amplitudes
described by nine independent amplitudes



J Observables

Scattering frame

. (dj—goc1+AN(PN+QN)
AN . + Ay Py -Qy
2 + APy -Qq
P +A-R-Q
5 + A (Ps - QL+ P-Qs)

Aw 0, =Re(d ¢, —d.4,) + 2‘¢5
Ass -0, =Re(dd, +d.d,)

Laboratory frame

Py =—-Psingp+P, cosg
P, =P cosep+ Pysingo
P =P,
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J Cooler Synchrotron COSY

cavity electron cooling

polarimeter

COSY11

stochastic cooling

polarimeter

EDDA COSY11

exctraction v

5-1010 unpolarized or 1.5:10'° polarized Protons and Deuterons injection
Trap < 2500 MeV _




JDepolarizing Resonances

Intrinsic resonances

o =kP+(v,-2)

Imperfection resonances

/G =k

Resonance stregth

Pf _ (Ze—ﬂé‘z/Za _1)P|

Polarization at 3300 MeV/c
P = 75%
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_JEDDA

Kinematic Correlation of Elastic Scattering

1
P—Q, =7 tan 4 -tan 9, = 7
4 Proton 1 o
/

two different
target systems

p
9., =10"=72°
9. =30"—90°
~& Proton 2
32 scintillator bars (parallel to beam) 10 cm

2-20 scintillator half-rings + 4-64 scintillating fibers
4-160 scintillating fibers



JLight Splitting

scintillator bars

scintillator half-rings
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compare light yield in adjacent scintillators

resolution: five times better than granularity Agp =2.5°
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JAtomic Beam Target

COSY BEAM

permanent 17 ITAT mg g
sixpole magnets ‘ } W/Wo n

cooled Qms
nozzle

\
_Q_HJ atomic [ _/ m
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Target holding field B < 1 mT (£Qx, = Qy, and £Q,)
Effective Polarization Q = 70%

Effective Target thickness 1.8-1011 cm
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JMeasurement
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Excitation functions:
measurement during acceleration

MultiPass Technique:
thousands of cycles

Change polarization between cycles
..+Py...—Py...+Py...—Py...

Low cross section at high momenta:
longer storage at flattop

several flattop momenta
above 2300 MeV/c
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JEvent Selection

Kinematic Correlation
Vertex Reconstruction
Hit Pattern Outer/Inner Layers

Ereignisse (10%)
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Detector Acceptance

2
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JAsymmetries

do

—=1,(F)[1+ A (F)- (P, cosp—Q, sinp) + (A (F) — A (9) -P,-Q, sin pcos ¢]

dQ

Yy (a.u.) —

— T (a.w.)

Asymmetries

left-right > An or Py
top-bottom — Qx

diagonal strain — Ass — Ann

Yield:
do
N ('9’ (D) = Npean * Phrarget * AQ - E(‘g’ (D) | d—Q ('97 w)
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JAsymmetries
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JAnalyzing Power An

Measured as in: M. Almeier et al., Phys. Rev. Lett. 85 (2000), 1819.
Normalized with: M.W. McNaughton et al., Phys. Rev. C 41 (1990), 2809.
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JSystematic Uncertainties
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JEXCitation functions Ann
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JEXCitation functions Ass
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JEXCitation functions Agr
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JDirect Reconstruction of Scattering Amplitude

Usually needs more than
nine Observables

Only few energies

1300 MeV: 16
1600 MeV: 16
1800 MeV: 21
2100 MeV: 19
2400 MeV: 17
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J Summary

Five observables of elastic p+p scattering

Statistical accuracy

Excitation functions for unpolarized and single
polarized scattering

Excitation fqnctions and fixed momentum for
double polarized scattering

« 3-(343 + 120) data points

F. Bauer et al.
Phys. Rev. C 71 (2005), 045002.

Internal consistency
First data for Ass above 800 MeV

Direct reconstruction of scattering amplitude
for five energies

Impact on new phase shift analyses

Attempts of meson exchange model variations
incorporating phenomenological Regge-effects on vector mesons
O. Eyser, R. Machleidt, and W. Scobel
Europ. Phys. J. A 22 (2005), 105
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