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The Accelerator: COSY-Jlilich

in der Helmholtz-Gemelnschaft

COSY (Cooler Synchroton)

| ; m“ .1- d‘*"""a""__"':“" s at FZ-Jilich (Germany):

*  (polarized) p & d beams

- phase-space cooling
- electron & stochasting cooling

- p=0.30-3.656GeV/c
- ppopp X (my<11GeV/c?)
- dd—> a X (my<10GeV/c?)
- pp — pK*Y* (my« < 1.5 GeV/c?)

- internal & external beams
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COSY vs. Other Accelerators J

in der Helmhoftz-Gemeinschaft

3500 ' —— , ——r— ——
CEBAF #

“ [SPring - 8 | s Production Thresholds:
3000k (ELsA] / pp2>pkK p: 1.58 GeV
| /] ppopko Tp-179GeV
s5004———| GRAAL | pp—>pKOZ = 1.80 GeV

pp2>ppKK T— 2.50 GeV

i Electron
accelerators
2000 -

Some interesting reactions:
- pp — pKY (my <15 6GeV/c?)
= PP — pp ao/f(980)
- pA > pK'X (T,=10..2.3 GeV)

Proton-Proton thresheld energy in Mev

500 Hadron
accelerators | Several dedicated detection systems...
DD . 400 o 800 | I12II:I'D. | .16'3'0' | IEEI-DCI

Gamma-Froton threshold energy in MeV .,
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Rt
X Backward
detectors

Forschungszentrum Jilich

in der Helmholtz-Gemelnschaft

COSY-11;

circulating beam

thin internal targets

forward spectrometer
(small acceptance)

magnetic spectrometer

Negative particle
detectors

X b

COSY-TOF

L v . | :‘: i 8
PR — =\t o
S Side wall
Range telescopes X3 counters
for K* identification :

- extracted beam

- small target (vertex)

- nearly 4n coverage
(no charge id)

- hon-maghetic

MOMO (at BIG KARL)
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COSY-TOF: Detection Principle ..o

in der Helmhoftz-Gemeinschaft

pp— KAp . infermediate
"™ P fiber hodoscope |

*  No magnetic field

Fiber hodoscope - Detection of charged ejectiles

Start scintillator

- Complete geometrical

reconstruction of each event
R Flight path — kinematical variables
'T},“g;:" % , for TOF
measurement

+  Start detector optimized for
track/vertex reconstruction

double-sided
ring p-strip ©

+  Additionally: TOF & AE

Szinfillator Si=p =Streifen Szintillator Szintillator
2x 12 Segmente 100 Ringe  2x 96 Fasern 2x192 Fasern |j
128 Segmente i

48 gerade
24 linksgewunden
24 rechisgewunden

- Trigger: charge 2 — 4
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Strangeness Production ...

Forschungszentrum Jilich
in der Helmholtz-Gemeinschalt

Initial- (ISI) and Final State
Interactions (FSI):
NN — NN X

Ny K . If (p.Y), (p.K), or (KY) travel
N T E along with each other, they
- interact and ..distort" spectra

S ) st | (observables):
S A ) - exploit this to study such
N S N interactions |l
LA g-k .
— B — - reactions close to threshold

Example: (pA)-FSI
2> (pA) scattering length
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A-HYPZI"OH PF‘OdUCTIOH Forschungszentrum Jiilich

in der Helmhoftz-Gemeinschaft

pp~>pKA(COSY-TOF) Dalitz-plots:
N (analysis w/ theoretical model
o of A. Sibirtsev)

at 2.85 GeV/c (see Fig.)

- in addition fo p-A FSI, a
strong contribution of the
N*(1650) nucleon resonance

| | is needed
*N*(1650) | |
Mo s a5 am s am s At higher energies, also the
MG my GVt N*(1710) has to be included
P a— K [FSI+N*(1650)] : N*(1710) ~ 1
A
P p

W. Schrdoder, Ph.D. thesis Uni Erlangen, to be published
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Ap InTerGCT l O n Forschungszentrum Jilich
pp > pK A (COSY-11) Total cross section for pp > p K A
10 - pAK"’ Cl) ......... phase SPGCC |
o b) — p-K* Coulomb repulsion
10 and
— 103 p-A strong FST
€
© 102 Dalitz-pot analysis:
. - spin-averaged Ap-scattering length:
- N CL 7o
e 7 oLy a=-(20+02)fm
1 o B /_7
1 10 71y
Q[Mev] ° é But:
0 | a and r are correlated
b Watson formula applicable?
- Spin dependence (a.//a,)?
—4 =
Ey | P T T R T N T
0 5 10 |
J.T. Balewski et al., EPT A 2, 99 (1998) 7 (fm) Theory can help ...
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Ap Scattering Length

in der Helmholtz-Gemelnschaft

600 ———————— 1. . 3
500;4\ Ap—) Ap ] DOTG- . .
™ ; - Ap elastic scattering o
400:_ \\‘\ . (Gel = % o, + % G‘r) E
: - Bubble chamber %1
I - Effective-range expansion: _ |
° ;f:ab (M;G") o 0 4 8 12 16
G. Alexander et al., PR 173, 1452 (1968) a, (fm)
% 80 — : 1 my + mp Minaz 2 mrgna:z — M?
% a5 = Ml-’lg}ug E ( \/m ) P ﬁa'{—; dm mr?na:r —m?
SR S S p—
-ggm | S=sort T =l (m? — M) g 7 \dm2dt observable
s
B | SATURNE | a=(-15+0.15, +0.3;,) fm
> |} (Am=2 MeV) exp
| I Polarisation measurements (COSY) — a., a,
0,5 (MY - Formula also applicable for yd - KAN

A. Gasparian et al., subm. to PRC
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Z-HYPZFOH PI"OdUCTIOH Forschungszentrum Jiilich

in der Helmhoftz-Gemeinschaft

pp S p KO >+ (COSY—TOF) DGli'I‘Z-pIOTSI
at 3.20 GeV/c (see Fig.)

- rather smooth distribution
pp — pKOz*, 3.30 GeV/c

1000 preliminary! +  "pentaquark” states (6+)???
5t 184GeVict observed in (nK*) in photo-
= 800 | .
5 | ‘ ? nuclear reactions

i + - here: pp > Z*0°

|—> Kop

- nothing seen in pp > A (K'p) !l

¥ 1 [ l L L [ I 1 ) I 1 1 [}
1.4 1.5 1.6 - bz 1.8
M (K°p) in Gev/c’

"... we are optimistic to significantly contribute to the topic ..."
10
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The nghT Scalar' Resonances Forschungszentrum Jilich

in der Helmholtz-Gemelnschaft

Nonet of light scalar mesons Possible candidates
St JP=0"*

K'(?)

£,(500) (“c")

K(800)
80)
80)

f(1370)
K,*(1430)
a,(1450)
f,(1500)

K'(?)

states
L fo(?)
Z

Z
(?)

states

K'(?) K'(?)
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The Go/fo(980) at ANKE/COSY Forschungszentrum Jilich

in der Helmholtz-Gemelnschaft

L )
cosy-11 Summer 2003

PP
MOMO

pd — 3He K*K-

M. Biischer et al., hep-ph/0301126
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d°o/d2dp, nbi(sr MeVic)
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K+ PrOdUCTion fr.om pA ReGCTionS Forschungszentrum Jilich

in der Helmhoftz-Gemeinschaft

p A > K* X (ANKE)

. . .
i 23 Gey_—»—r
I PC _}’ K+x —'—++ e "
—~— —r— _(}_“‘%f*
T_ 100 e
“:-:,,_(:" S
W -
@ 10 = = B NN i
— —p— +_.'_
O e
o
= e
5_} i
1 5
0 -
o E 1.0 GeV
:'é e,
: + *4
o 0.1 i i V.Koptev et al.,
T E —+—+ PRL 87, 022301 (2001 e
R L R S NSt B S I() .....
80 400 500
70F + P . (MeVic)
60 |
50 Tn=20,
40 |
Oh=0,
30 |
20
10
ol . ® ., 1., L1 T
200 300 400 500 600
Pr. MeV/ic

Inclusive cross sections for
- D, C, Cu, Ag, Au Targets
- T=10..2.36eV (T = 1.58 GeV)

Reaction mechanisms
- Strong collectivity below threshold

- Model calculations
(CBUU transport, folding
model...)

- Correlation measurements

pD data:
- o(pn - K*X) = 4~Tc(pp — K*X)

taken from:
K.Tsushima et al., PRC 59, 369 (1999)

Publication in preparation

Markus Buscher, HYP2003
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Nuclear Medium Effects

o,

Forschungszentrum Jilich
in der Helmholtz-Gemeinschalt

cross section ratio (Au/C)

pA > K" X (ANKE)
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Cross-section ratios R(A/C)
have very small systematic
uncertainties

Vi« is sensitive to peak position
in R(A/C)

pA reactions probe nuclear
medium at p < p,

Best agreement with
calculations for

Vi+(p<po) = +20 MeV

Expected accuracy <3 MeV

M.Nekipelov et al., PLB 540, 207 (2002)
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Strangeness Production ...

in der Helmhoftz-Gemeinschaft

... fundamental issues can be addressed ...
"Exotic" states

pp — pKoZ* , 3.30 GeV/c - 6% in pp - pKOZ* 22?2
140 L N B A B AL B LR ALY B ALK t
- A - K X ] .
— P = + Charge-symmetry breaking
G 10 —
E = = - dd — a (7°n) and ay-fo mixing
6 ]
2: ==+ SU(3)fj000r SYmmetry breaking
05 TR - NY inferaction at low relative
o, (MeVic) energies (compare with NN)

M (K°p) in Gev/c’

In-medium masses

... heeds to (and will) be vigorously investigated (at COSY)!
Markus Blischer, HYP2003 15
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I.d. of pp—>dK'K? events @ ANKE ......oeun s

in der Helmholtz-Gemelnschaft

1Spectrometer dipole

- K*-d coincidence measurement

- Identification of pp—dK'X events
via TOF, AE and particle momenta

» Identification of pp—>dK'KP events
via dK* missing mass

p [MeV/c]

Background < 10%

500 550
m(pp,dK*) [MeV/c?]

Markus Buscher, HYP2003
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First Results on the a,’*

in der Helmhoftz-Gemeinschaft

pp > d KKO (ANKE)
o Jwor L "o }
5| | D T e
E A e e
(beam)
&
=)
& :
Ol L el ] Fit:
i [(KK),d]s + [(KK)sd],
= I }
<8} |
& _ -
-g_ 1__ L | . + 0\ -
= ! o(pp — day* — dK*KO9) =
E &l 83 /o : G‘I’o‘l’
S | S1ot(pp —> dK*KP) =
098 ' 1.00 102 104 2.36 .38 24 242 244 (38 * 25*0* T 145YS) hb
M (K*K%) [MeV] M (dK®) [MeV]

V.Kleber et al., PRL in print; nucl-ex/0304020
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A vs. X9 Production ... Y

Forschungszentrum Jilich
in der Helmholtz-Gemeinschalt

pp — pK* A/Z° (COSY-11)

;10 3

A/Z0 ratio (same excess energy
—— above threshold):

R ~ 25 at threshold, R(E) > 3

cross section [ n
—
o

ha

10 :
Difference between A and X0 ?
¥ 490 pppK'A .
“ =t ]| |a = |(Wd)[I=0S,) & 10, &
zle T 0> = |(ud)[I=1.3S5,], s> I=1, 3%
U2 ks effective Lagrangian / N* | —mece | |(ud) #5411, 2
Z ; PRC 63 (2001) 022202 | excess energy [ MeV ] SR~3
SIS a0 destructive /K interference lina:
NPA 684 (2001) 397 coupling:  gnak. Insk
20 - e 9 R ~ 27
lincoh. /K .
o T nucl-th/0004022 =N = Ap transition
£2 300 MeV ] | resonance +n/p/m
=2 @ e nucl-th/0004022
encess energy MoV S. Sewerin et al., PRL 83, 682 (1999)
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in der Helmhoftz-Gemeinschaft

EXperimenTGI Challenges coe Forschungszentrum Jilich

=2
g 10 2L . total
© E " it et = W smpdmen B bR
r St "y 'l;, “
10 - elastic
dn*
[
10715- + *
F ) 4
[ $ - A
2 . n 'y
r -
D » f & DK+Z
10 & B >
E 1
: L ik
[ " + "
107" N e 4
: L] A + u
: & = :
L |
-5 A ‘
10 ¢ A B '
i + ; ppK'K
[ 'y
706;‘ L +
10_?_ l l l l l l | l
2.5 3 35 4

pbeam (GEV/'C)

NN Partial Cross Sections:

pp>NYK
(mostly COSY data)

more specifically:
pp2>pA K
pp—>pxK
pp~>pItKO
pp—>nZXtkK
(PP~ pp KK)
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