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Introduction

(OSY
TOF Introduction

Information: structure + dynamics — degrees of freedom

Strangeness production at COSY-TOF: pN —» KYN

different reaction channels: N=p,n Y =A, X° x* ¥°

Meson Exchange Mode|/ pA final state interaction\

Search for exotic ®* —

W. Schroeder, CGSWHP, 4. Sep. 2006



Introduction

COSY
TOF Comparison of the calculations
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No discrimination between models !!

5 differential observables

5 COSY-TOF

W. Schroeder, CGSWHP, 4. Sep. 2006

- Dalitz plot



Cosy
TOF Strangeness production at COSY-TOF

* exclusive observables
* threshold region — only few partial waves, no Y*
» full phase space — Dalitz Plots

» polarization: A-polarization, polarized beam, (polarized target)

W. Schroeder, CGSWHP, 4. Sep. 2006



COSY
TOF

COSY - Facility
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: Fast Quadrupoles ' . Pommmr}
\Kmf Eppa o) 18 %

e it

‘ T LE Polarimeter

10m

W. Schroeder, CGSWHP, 4. Sep. 2006

Cooler Synchrotron
Julich

Circumference: 180 m

Phase space cooling:
electron and stochastic

Beam momentum:
maximum: 3.6 GeV/c



Additional transparencys

oSy
TOF COSY-TOF - Detector

W. Schroeder, CGSWHP, 4. Sep. 2006



(_LOSY
TOF COSY - TOF - Detector
large angle (non magnetic) spectrometer with modular vacuum vessel
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(OSY
TOF COSY - TOF
large angle (non magnetic) spectrometer with modular vacuum vessel
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Rearside' 128 sectors

7 Frontside 100 rings

W. Schroeder, CGSWHP, 4. Sep. 2006



COSY
TOF Experiment upgrade 2004

New fibre hodoscope with three layers

— increase of
efficiency
and purity

) Three layers

i)
k

W. Schroeder, CGSWHP, 4. Sep. 2006



COSY
TOF Reaction pp — K*Ap
pp2>K*Ap fiber- hodoscepe
= | » Optimized for track- and vertex
reconstruction
fiber hodoscope L Starttorte
"starttorte” K doublesided Si-micro strip detector
: two fiber hodoscopes

doublesided

ring—u-strip

*  complete geometric recon-
beom 1 struction of all charged particles
Iul?zlzei P
TimeOsFiight measurement
~e¢ Unique Strangeness-Trigger
- increase of charged multiplicity:
224
2012 wedges 100 e aene s 24163 mard. for the reaction pp—>K*Ap
128 segments ;
A 2>np

W. Schroeder, CGSWHP, 4. Sep. 2006



Reaction pp — K%*p

A

(OSY
+
pp9 KOZ p intermediate  |§
N TCOp fiber hodoscope |
TTT Tc"'n
fiber hodoscope
“starttorte”
doublesided  {t
ring—u-strip " |4
P
beam refo - 4
= | Bé__ , d
LH, %
target
scintillator Si-p—strip  scinfillator  scintillator

2x12 wedges 100 rings

128 segments

2x96 fibers 2x192 fiberg:

+ @

Optimized for track- and vertex
reconstruction

Lo Starttorte

doublesided Si-micro strip detector
two fiber hodoscopes

complete geometric recon-
struction of all charged particles

TimeOtFiight measurement

Unique Strangeness-Trigger

W. Schroeder, CGSWHP, 4. Sep. 2006

- increase of charged multiplicity:

224

for the reaction pp—~>K%*p

KO - ot



Physics at COSY -TOF

COSY
TOF Physics at COSY-TOF

Strangeness Production in pp reaction
pp > K%Z*p ,pp > K*Ap

° Meson - Production in pp reaction (e.g. o)

W. Schroeder, CGSWHP, 4. Sep. 2006
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Strangeness Production

pp > 2*K%: reconstructed masses

Poeam ~ 2-95 GeVic

Runs 2000 + 2002



Strangeness Production

CosY
TOF pp > Z*K%: K% mass spectra
Poeam = 2-95 GeV/c
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Strangeness Production

oSy
TOF pp > Z*KOp: efficiency corrected K% spectrum
180 E
%160 f— (%{# l153
S140 |
“120 £ {M) <§ é}ﬁg
100 / NR N
80 [ (%} %}éﬁy q}
60 F gb %)
40 :
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M (K°p) in GeV/&

Mass 1530 = 5 MeV/c?

Width < 18 £ 4 MeV/c? (FWHM)
Strangeness S = + 1

Cross section: 0.4 + 0.1, £ 0.1, pb

hep-ex/0403011, Phys. Lett. B 595 (2004), 127
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Strangeness Production

5= Measurement (Oct./Nov. 2004): pp — K% Z* p

TOF

counts

« improved experimental setup

3000 -
+ 10° raw events taken to tape

« expect about factor 5 in pK, events over published result 2500 17

(> 5000 pK, events, 300 in peak if signal persists)

2000 -

» analysis ongoing and improved with respect to

- blind analysis: %2 of the data to optimize analysis, rest for result 1500 L

- independent analysis at several institutes in parallel with different codes,

emphasis on different detector aspects 1000 L
- systematics of Monte-Carlo treatment
- use of redundant information (ToF of proton and pions, energy losses, ...) =00 -

- common calibration database

P il IPETETE PR PR B
0.7 0.8 0.9 1 1.1 1.2 1.3
m [GeV,/c?]

missing—mass

Subsample of pp 2 AK*p :
0.7% of data

W. Schroeder, CGSWHP, 4. Sep. 2006



Strangeness Production

pp = K*Ap: Reconstruction of A events

Beam momentum: 2.95/3.20/3.30 GeV/c
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Strangeness Production

CoSY
oF pp > K*Ap: Dalitz plot analysis
5 100 %o
[ ]
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Strangeness Production

OSYA 4 F : :
Zor/ 8 | Data295Gevic | pp > K*Ap: Dalitz plot analysis
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Strangeness Production

Data 2.95 GeVic | Pp = K*Ap: Dalitz plot analysis
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Strangeness Production

OSY\ + T
Zor/ 8 | Data295Gevic | pp > K*Ap: Dalitz plot analysis
- §3.4:—
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Strangeness Production

Data 2.95 GeVic | Pp = K*Ap: Dalitz plot analysis
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e Model calculation of Sibirtsev

do __ (flux)- (Z(CR Ay )+ CN) L+ Cr AFSI){Z

dmiAdm;A =
included resonances:
N*(1650)
N*(1710)
N*(1720)
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Strangeness Production

OSY\ g |
or/ & | Data2.95Gevic | pp > K*Ap: Dalitz plot analysis
- N@ 3.4_—
g 3.2:—
T o Model calculation of Sibirtsev
d’oc i
ﬂux A\1+C,, - 4
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~only resonances only FSI
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T e IR
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Strangeness Production

_|
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Data 2.95 GeVic | Pp = K*Ap: Dalitz plot analysis
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pp = K*Ap: Dalitz plots

Results with unpolarized beam
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Strangeness Production

(LOSY
TOF pp = K*Ap: Results of analysis 2
5 Change of the dominant resonance
< @ at about p,.,,=3 GeV/c :
T w el
C N*(1650) = N*(1710) / N*(1720)
™ & M1650
60 - \\\\\\
40 | ////:::>§1 \\\\\\ .
"] Ciz10* Cir2o
20| o
10 t g////
02,8 2,85 29 2,95 3 3,05 31 3,15 3,2 3,25 33 3,35

p [GeV/c]
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Strangeness Production

COSY
TOF pp > K*Ap: Calculation of Shyam
Phys. Rev C60 (1999) 055213 Data: Bubble chamber measurements
(J.T.Balewski et al., Phys.Lett. B388(1996) 420)
Oiot - solid line
10° ' ' ' ' ' ' i . .
prpop+K +A | influence of each single
o | i N*-resonance:

] 1710: dashed line

1 1650: dotted line
] 1720: dash-dotted line

0 \\Change of the dominant

! 1 resonance at 3 GeV/c
— —_— 0beam momentum:

N*(1650) - N*(1710)

Gyt (D)
o

W. Schroeder, CGSWHP, 4. Sep. 2006



Strangeness Production

Cosy
TOF pp > K*Ap: Results of analysis 1

Strong contribution of N*-Resonances:

- © - exchange dominant

- K — exchange small contribution

W. Schroeder, CGSWHP, 4. Sep. 2006



Future physics

CosY
TOF Future physics at COSY-TOF

+  Strangeness Production in pp reaction
«  Strangeness Production in pn reaction

+  Strangeness Production in pp reaction

W. Schroeder, CGSWHP, 4. Sep. 2006



“pp reaction

Cosy
TOF Motivation for using polarized beam

s S

At the moment: No discrimination between N*(1710) and N*(1720)

N*(1710) P, N*(1720) P,,
I(JP) = 1/2(1/2*) I(JP) = 1/2(3/2*)

—_— Goal: Separation with polarized beam

- Secarch for other resonances

W. Schroeder, CGSWHP, 4. Sep. 2006



COSY
TOF

“pp reaction

Further motivation for using polarized beam

Hyperon production in y-induced

reactions:

Resonance M (MeV) I (MeV) g}, R ghx g8
N(1440)P;; 1450 £50 250 £150 1 g 0 Partial Wave Ana|yS|S
PDG 1440130 350 +100
N(1520)D;s 152644 112410 0.62+006 0.04+003 003+002 031+000 (Sarantsev etal. Eur.Phys.J. A.25,30(2005), 441)
PDG 1520%10 - 12018
N(1535)Si; 1530 +£30 210+30 0.39+0.10 0.95+020 0304010 030+£0.10 **

170 + 80
N(1650)Sj; - 1705+30 [2204+30 1.10+0.20 0.40=0.10 0.10£0.10 0.50 % 0. —

2 % | N(1650) S,, M =1705 + 30 MeV
1660 +20 [160 £ 10

14040 032015 0.04+004 0.39£020 0.25+0.20
PDG 1675+22 1503
N(1680)F1s 16676  102£15 0953530 ~ 0.00X58 ~ 0053348  0.001388
PDG 1680712 130 £ 10
N(1700)D1s 172515 100£15 0.29+0.15 0.51£0.15 0.13£0.10 0.077%12
PDG +50 100 = 50 _ I
N(1720)P;s 12@ :|:40' 380+40 039010 0432012 0.160.05 0.02 % 0.02 N(1 71 O) P11 not seen !!
PDG 172032 250 % 50
N(1840)P;; 1840713 140139 0.31£0.10 0.09£0.05 0.06+0.03 0.54=0.10
PDG 1720 £30  100™'%0
N(1870)D;; 1875425 8020  0.04+004 0.21+0.10 003003 0.72+0.30
N(2000)F;s 1850 £25 225+40 0.85+020 0.07+33 003397  0.05+0:10
R | Open questions !!
N(2070)Dys 206030 34050 0.71£0.10 0.26+005 0.01=0.01 0.02 % 0.02 -
N(2170)D;s 2166753 300+65 0.67703  0.13+005 010333 0103313
. > COSY -TOF
N(2200)P;3 2200+£30 190+50 0.08%5:72  0.8912%  0.0213%  0.0119%

W. Schroeder, CGSWHP, 4. Sep. 2006



COSY
TOF Motivation Dy
DISTO
o v ficient Nucl.Phy.A691(2001)329-335
spin transfer coefficien —
Clo?mpon.entof the beam pola_rizatiop along the g: 0 “&DYY 3 67 GeV/C
production plagiar}c;rtr;tzl lt:;tblj;etalned by the Q | | I O D - 3 31 GeV/c
| o 025 L ® DW |2 94 GeV/cl
fractional longitudinal g 5
momentum of the A 05 - % ﬁ ﬁ} $ ﬁ : i
S o -0.75 - | . , o
0_5:_ e s - =05 0o 0.5 X
S | | - F
b "M COSY-TOF measurement
Y ) 0.5 ] | at 2.95 GeV/c|(lowest point of DISTO)
Meson exchange model Laget (Phys. Lett B259(1991) 24)

W. Schroeder, CGSWHP, 4. Sep. 2006



“Pp reaction

COSY.
I?F D\ Estimation
1
D,y = P.(1+ A4, P,(cosy))—P  (1-A,P,(cos
W =25 taosyy Lt (1 AvPyeosy) = By, (1= Ay Fy(cosy)

v Is the angle between the normal to the A production plane
and spin direction of the beam proton

1

with Ay small (<0.2) DNN ~ 2P (cos l//> [PAT - Ai]
B

W. Schroeder, CGSWHP, 4. Sep. 2006



_pT) reaction
COSY.
TOF Beam Polarization
T

Beam Polarization is measured using elastic scattering
by comparison with EDDA

Beam Polarization = Asymmetry / Analyzing Power

0.3 @2.95 GeV/c, SAID database
PP P PLAB=2950.00 UN-Normalized
o)
=
T
NT-N E
ASy = §
NT + N4 g
SP05 o-;x[])‘?:.'n PP=44462/24916 NP=21 ﬁ%ﬁll?aa [147] 4/ e 90

0.0 [ded]

W. Schroeder, CGSWHP, 4. Sep. 2006



Cosy
TOF

Asymmet

Asymmetry

PP

Asymmetry measurement with TOF:

Fit in several 0, -steps:

E, 015

34.< 0, <38.

reaction

< <J54. _l—
30: ecm 34 el 0TBO3: 0.00564
0_15—_ -
0.05 g, T
-

g TEEe
045
i T Y
0 50 100 150 200 250 300 350
@ [deg]

< <40. 1————————————
42_ ecm 46 el 0.0480B = 0.007 31
DASE
0.1k
n.ns%é-!!_. e
_;}:_ T ., :.!_i
-0.08F *'Li_"i".-;-ii-"!"

-LiE
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i T Y
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-.15E

015
0.1
0.05
<0
-[1.05|
-0

] "|““|"'|'_¥|'|"“|""|'
i
#

-0.2E

el DOEETI: 0.00GLD

38.< 0 <42.
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@ [deg]

<005

<015k

0.15
0.1
0.05
-0

¥

i

-0

B Jr.J

HE-:
n—i—,.ri-i-:_!_' .

| el 0.05345 = 0.00T20
=

0 50 100 150 200 250 300 350

-0.05F

0155

46.< 8, <50.

D.15E

0.1k
0.05E
-0E

-0iE

| BRRL R I|_*_|I [T
7
J

-0.2E

| el 005574 = OOEST

50.< 6, <54.
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W

el 0.0406E: 0.00TEB
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“pp reaction

TOF Beam Polarisation 2002 @ p,..m 2-99GeV/c

COSY-TOF is a polarimeter
0.5

available runs
Li fit on single run data METH#1
——  weighted mean METH#1
. fit on single run data METH#2
—  weighted mean METH#2

AVerage Beam

........................................ POIarlzatlon
=24% (+2% stat)
95 s o e e il fiacs I I I W N 5 N =3 N O O T O 1 M 25 e e s e s O

1600 1620 1640 1660 1680 1700 1720 1740 1760 1780
Run number

W. Schroeder, CGSWHP, 4. Sep. 2006



_pﬁreaction
COSY.
I?F A-Polarisation 2002 @ py..m 2-95GeV/c
The A polarization is calculated with the By

“weighted sum method” Nucl.instr.Meth A166(1979) 515 ?fp..
o

p _ 1 % cos N /lj/ 3
— . Strenebene
A sk
a Zi COSz @ Psirani e .

i
jﬁﬂ

< 1
o

0.8

0.6

0.4

0.2

F

e,
[\ ]

e
=

o
o

o
)

=T TTTTTTTT[TTTTTT

1 1 | 1 11 | 11 1 | 1 11 ‘ 1 11 | 1 11 ‘ 1 11 | 111 | 1 11 | 11 1
08 -06 -04 -02 -0 02 04 06 08 1
Xf

]
-
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“Pp reaction

COSY
TOF Dyn Estimation

Estimate for a future beam time of 1 week:

Number of events |: estimated using the 2004 run:

With the upgraded apparatus about 10000 events per day
—> factor of 5 compared to the pilot run (2002).

Polarization: expected 50% compared to 24% in the pilot run

Gain in figqure of merit: P2x | = 20

Expected errors

+ ............ + ............ + ............. + ............. ++ ..... + ............. + ............ + .......... ++ ............. + ...... <

................... + 4+7 pilot run 2002

=
[=]

DHH

i
=]
&h

-
h
=

C.Pizzolotto

-
&n

b
=

"‘|IIII|IIII|IIII|IIII|IIII|III

Very Preliminary
- 3 I [ [ P [ R ST e [ s oo
4.8 0.8 0.4 .2 ] 0.2 0.4 0.6 0.B

W. Schroeder, CGSWHP, 4. Sep. 2006



—

ph reaction
COosY
TOF Motivation pn reaction
NEW PHYSICS @ COSY (no exclusive data in the COSY range)
pp = pK*A pn(p) = pKPA(p)
(la) (1b) (Ic)
2 ¢ 1 :
p A(Z9) I - A(Z9) : A
e e TSl Ko < KO
(2a) (2b) (2¢c)
. A(E%) . A(Z0) - A(Z%)
P p —n : P
- K el Ko Tl ko
(3a) (3b) (3¢c)
P p p p
TEO, pO TE+, p+ TCO, pO
p T A(E9) N A(Z9) N A(Z9)
< K+ ﬁ‘-.‘ KO ‘-.._.‘ Ko
Exclusive measurement with COSY-TOF

W. Schroeder, CGSWHP, 4. Sep. 2006




pn reaction

COSY
TOF Motivation

Very recently: ANKE inclusive K* production measurement in
pd collisions (M.Biischer et al. Eur.Phys.J. A.22, 301(2004), nucl-ex/0401031)

a(pn = nK*A)
o(pp > pK*A)

Compaired to isospin algebra:

Faldt, Wilkin (z. phys. A 357, 241(1997), Eur. Phys. J. A24, 431(2005)):

Experimental difficulty:

Separation of the A-reaction-channel from the other hyperons (X9, *+)
in the inclusive K*-meson-momentum-spectra.

— Additional important information from exclusive
measurement of the reaction pn(p) > pK°A(p) : COSY- TOF

W. Schroeder, CGSWHP, 4. Sep. 2006



pn reaction

TOF Reaction Pattern

pn(p) > pK°A(p)

/ Unique signature:

- 2 ,V's" corresponding to
the delayed decays
of A and K°

Event candidate

pn(p) — pK°A(p)

from test run

W. Schroeder, CGSWHP, 4. Sep. 2006
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Event candidate

pn(p) — pK°A(p)

from test run
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Summary

« Strong contribution of N*-Resonances in the channel
pp—~>K"Ap

 Existence of other resonances ?

 Measurements with LD,-target
5 pn—>KOAp

 Measurements with polarized beam
- I:)NN

W. Schroeder, CGSWHP, 4. Sep. 2006



(LOSY

TOF Outlook

« Existence of the penta-quark state ®*?

« Existence of the isospin partner ®+?

W. Schroeder, CGSWHP, 4. Sep. 2006



COSY
TOF Outlook

In the case of ©* confirmation

|

Future measurements

_F;n — A K% using a LD, target, successful tests in 2002/04
pol. beam + A-polarization - towards parity of ®*

BE — 2*K% polarized beam + polarized target > " parity

Experiment upgrade

2006/7: additional tracker (straw - tubes) - pA — scattering - length
2007: polarized target

W. Schroeder, CGSWHP, 4. Sep. 2006



- Frozen spin technique well suited
for low intensity external beams

- High polarization ~ 80%

- PS185/3 set up will be used

- preparation at Bochum and Bonn
— Installation at COSY-TOF

nh-Al-u-:.q
-

Polarized frozen spin target for TOF

I

Set up at COSY-TOF
New components:
- polarized target —_|

W. Schroeder, CGSWHP, 4. Sep. 2006

- Acceptance: +32°

| P, (butanol):  p~80%
| alternative material in Test

Dimensions: 9mm x 6mm




COSY
ZoF Measurement of the parity of ©+
Observable: °0; = 720,(2+A,,+A,,)
pp_>z+®+
measure excitation
K only K* only K +K* function for 11 (°Py )
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Hanhart et al., hep-ph0410293;
PLB590(04)39; PLB606(05)67
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