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Introduction

- Formalism, Observables

- Phase Shift Analysis

- Database (recent additions)

Where can COSY contribute?
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experiments

symmetries:

   real functions

helicity-amplitudes:

Pauli-principle

parity, TRI

Isospin:

T
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δJ

Phase-Shift Analysis (PSA)

δJ ; J = L + S

L > L            : OPEmax
Coulomb

SJ =  e 2i

predicitive power !! Theorie

partial-wave decomposition

include known physics

inelasticities for T   > 300 MeV

complex

VPI/GWU  (SAID)

np : 0-1.3 GeV :  13 000 data points 
pp : 0-3.0 GeV :  24 000 data points 

Nijmegen

Hiroshima
pp/np : fixed energies 0-11 /  0.5-1.1GeV

pp/np : 0-350 / 0-500 MeV

Saclay-Geneva
pp : mainly fixed energy
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PINTEX @ IUCF Cooler

pp  200-450 MeV

EDDA @ COSY

pp  300-2500 MeV

DAQ during acceleration

polarized np @ PSI

np  260-535 MeV

NN program at Saturne II

np  300-1150 MeV

pp  600-2700 MeV

AN
dσ
d Ω A A A A

NN SL LLSS
σtot AN Aij Dij K ij N ijk

Recent Additions to the NN-Database

internal external

storage cell

double scattering observables

total cross sections

pure H targets
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CH²

Targets:
frozen spin

rescattering
target

neutron
detector

θc.m. πacceptance  30° <        < 90°  ( 85% of 4   )

10
 c

m

COSY-

p
p

targets:

beam

NN@Saturne IIEDDA@COSY

5x4   mµ 2CH   - fiber

H-atomic beam
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SAID

PSA:

Genf
Saclay-

ambiguities in phase shifts

Bystricky, Lechanoine-Leluc, Lehar Eur. Phys. J. C4, 607 (1998)

Arndt, Strakovsky, Workman, Phys. Rev. C62, 034005 (2000)

p
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ppω

ppφ

ppKK

adopted from Machner&Haidenbauer J.Phys.G 25,R231 (1999)

M N N

NN

0P
3

3P
1

vector:

pseudoscalar:

T=1:

 threshold

FSI

production

ISI

Meson Production

e.g. Hanhart &Nakayama Phys. Lett B 454, 176 (1998)
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A     : Influence on PSA
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Amplitude Reconstruction
αki

ek k
φ = |φ  | Helicity-amplitudes:
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Observables: e.g. 

<++|Τ|++> <++|Τ|−−>

<++|Τ|+−><+−|Τ|+−>

Saclay-Geneva

GWU/SAID

without
with

EDDA spincorrelation parameter

PSA:

F. Bauer et al., Phys. Rev. Lett. 90, 142301 (2003)
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measure triple-spin observables!

very challenging!

To resolve remaining ambiguities:

Double-scattering experiments.

What should we measure at COSY?

Xsrbt
scattered

recoil
target
beam

T  = 2.1GeVp
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(  P  )   

for        ,         :  

qqq q q

qqq q
q q q qq

q q q q q q
??

Why are observed

MesonsBaryons

but not

color singlet states

ANN

T (GeV)

Allgower et al. Phys. Rev. C 64, 34003 (2001)

Dibaryons

el
η     > 1

0(  S  )   0.09
1

2(  D  )   0.05
3

0(  P  )   0.10
3

1
3

3(  F  )   0.06

0.03

W    =  2.2 ... 2.8 GeVR
= 10 ... 100 MeVΓ

excluded with
99% 

confidence level

η =el Γel / Γtotupper limits for

90o

NN@Saturne

I=1   S=0
≈

Γ =

2.1 ... 2.7 GeV

10...150 MeV

R
W

numerous theoretical predictions 

no experimental evidence !

EDDA@COSY
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EDDA

other experiments

other experiments
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EDDA Results: 

Phys. Rev. Lett. , 1652 (1997)D.Albers et al. 78

SM94 SM97
:<;>=@?BADC	AFE>GIHJ;LKMKON,:QPSR8TVUXWZY[=8\5AFY]Y � � :`_>GbacAdYeU�Egf>KI= hiKj_gkml,nmR�ojNp\,_�Gq:<AFY]Y>;Orts[uvu[w



-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

80 90 100 110 120

1595 MeV
1795 MeV
1895 MeV
2035 MeV
2095 MeV
2395 MeV

θc.m. (deg)

D
N

N
,D

n0
n0

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

80 90 100 110 120

θc.m. (deg)

A
N

N
,A

00
nn

1595 MeV

DNN ANN

de Lesquen et al. Eur.Phys.J. C11, 69 (1999)

np-Observables
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double-spin observables: T  > 1.1GeV :
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1.3 10    n/cm²
6

(60% pol.)

d DP   =P    = P     (1-1.5w   )n p

p  d        p     p   nsp

Polarized Neutrons

3 10¹¹ d   

(Saturne II)deuteron-breakup

n + Xp + d (Triumf, LAMPF)

(p,n) reactions

n + Xp + C (PSI)

< 5 10    n/cm²/s
5 (40-60% pol.)

< 5 10    n/cm²/s (40-50% pol.)
6

quasi-free scattering 

LiD

d-atomic beams

T < 1.15 GeV20cm Be

< 2/3 purely vector polarized

(Saturne II)
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quasi-free pN scattering
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de Lesquen et al. Eur.Phys.J. C11, 69 (1999)Ball et al. Eur.Phys.J. C11, 51 (1999)

pn @ 1.1 GeVpp @ 1.6 GeV

LiD -targets at Saturne II

free scattering
LiD / Dquasi-free scattering on 
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Quasi-Free Meson Production

session on
pn-induced reactions
talks by:  Vadim Baru

Jerzy Smyrski

e.g: M = η

Calen et al. Phys. Rev. C. 58, 2667 (1998)

sp

sp

sp

p   + p + n + M

n   + p + p + M

p   + d + M

p + d 
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ωpn      d

             F. Rathmann 
             R. Schleichert
Talks: I. Lehmann

Spectator-proton detection @Anke

Session on 
pn-induced reactions
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np
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chiral perturbation theory

np np

np

pp

pp

pp

Entem &Machleidt nucl-th 0304018

NNLO

NLO

N  LO3
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Crabb et al. Phys. Rev. Lett. 
65, 3241 (1990)

Status of Theory

? ?

φ5 = <++|T|+-> = 0

θF(   )/s10d σ /dt

A
N

A
N = 0

(s,t 8 )pQCD

High Energy  >> 10 GeV

Regge-theory

phenomenological potentials

Low Energy  0-300 (500) MeV

80s

> 1990χeffective field theory (   PT)

meson exchange (e.g. Bonn,Paris)

COSY-Energies 0.5 -2.5 GeV

inelastic channels
resonances
short-range
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OBE
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Elster/Holinde/Schütte/Machleidt Phys.Rev.C38, 1828 (1988)

Meson Exchange Model

Model
PSA
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(     )

Conclusion

np : up to 1.1 GeV

Status of exp. data / PSA

pp : up to  1.2 GeV          2.5 GeV 

Dibaryons? (T=1, S=0)

strong coupling to NN

Theory

Effort needed for T > 1GeV

What can be done at COSY?

pp: triple-spin observables

polarized np for T > 1.1 GeV
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